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Without its subways, New York’s economy and way of life 
would cease to exist. When subway service declines, the 
effects ripple throughout the tri-state metropolitan region 
that generates 10% of the nation’s gross domestic product. 
Each day, well over half of people travelling to work in 
Manhattan’s central business district arrive by subway, 
including many who commute in from outside the five 
boroughs. Neighborhoods from Pelham Parkway to Coney 
Island depend on the subway to connect to millions of job 
opportunities that no other U.S. city can offer. By reduc-
ing auto use and encouraging walking, the subways give 
us cleaner air, keep us healthier and make the New York 
region one of the most energy efficient in North America.

Even among world cities, New York’s subways are unique. 
In no other major subway system can you go anywhere you 
want at any time of day or night for one flat fee. And very 
few cities can rival New York for the size and reach of its 
network. New York City Transit operates 26 separate sub-
way services over 231 miles and stops at 472 stations. The 
subway moves nearly six million passengers every weekday, 
more than the next three largest U.S. systems combined.

The erosion of subway service in recent years is thus one of 
the greatest threats to New York’s success. Paradoxically, 
the decline in reliability comes when the city’s economy 
and subway ridership are at historic peaks. In fact, the 
growth in ridership is one of the central causes of conges-
tion and delay for a train system where the signals are too 
old and the stations are too small to handle this volume of 
customers. But these challenges would be manageable if 
it were not for decades of underinvestment in the mainte-
nance and capacity of the infrastructure. 

Returning the system to an acceptable level of functioning 
will require billions more than the Metropolitan Transpor-
tation Authority and its partners in the state and city are 
currently spending. It will also require a major shift in how 
the MTA, along with its unions, contractors and related 

Executive 
Summary

state and city agencies, conduct its maintenance, opera-
tions and construction. It takes too long and costs too much 
to deliver improvements, increasing financial strains and 
reducing public confidence.

But just restoring the system to a prior level of service 
is insufficient. From Paris to Singapore, other cities are 
operating far more reliable and efficient subways and 
investing much more in their modernization and expan-
sion. New technologies create an opportunity to run more 
customer-friendly service, and also make it imperative to 
continually modernize operations. Ridership will continue 
to grow along with the region’s economy and population, 
which could grow by as many as four million people over 
the next 25 years, creating the need for more capacity in 
the tunnels, trains and stations. And many historic defi-
ciencies, especially the “subway deserts” that leave much 
of the city unserved, need to be addressed if we are to have 
a subway system that serves all New Yorkers, providing 
more opportunities for upward mobility and allowing the 
city’s economy and population to continue growing without 
choking on congestion.

In November 2017, Regional Plan Association issued its 
Fourth Regional Plan, a long-range vision to achieve shared 
prosperity, greater equity, better health and a sustainable 
future. Key recommendations of the plan were devoted to 
transforming New York’s subways. These included speed-
ing the implementation of modern signal systems and other 
new technology, modernizing and refurbishing subway sta-
tions, and building new subway lines to underserved neigh-
borhoods. It also recommended transforming the way that 
the region governs and pays for transportation, including 
reforms to reduce the cost of transit projects and dedicated 
revenue sources that would also reduce auto congestion 
and carbon emissions. This report shows how and why 
those recommendations should be implemented, providing 
greater detail on both the causes of the current crisis and 
its solutions, and analysis to help prioritize needed actions.
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plan includes a number of recommendations, particularly 
related to operations and employee engagement, that are 
not included in RPA’s plan.

Most importantly, RPA’s findings and recommendations 
support the need for both major increases in investment 
and changes in how the MTA executes its capital programs. 
The MTA has already made substantial progress with the 
Subway Action Plan introduced in 2017. NYCT’s compre-
hensive plan to modernize the system is essential to restore 
reliability and improve the subway experience. Providing 
the billions of dollars that are needed to implement this 
plan, beginning with enactment of legislation to charge 
drivers to enter Manhattan’s congested streets, should be 
an essential priority of the state and city.

The central section of this report, Transforming the Sub-
ways, describes 10 priority investments to fix the existing 
subways, additional measures to improve the customer 
experience, and actions that are needed to do the work 
faster and at lower cost. The final section, New Capacity 
and Better Access, outlines service expansions and new 
subway lines that will be needed to accommodate future 
growth and reach underserved communities.

Photo: Nancy Borowick

New York City Transit’s 
Fast Forward Plan
In May 2018, New York City Transit (NYCT) issued an 
ambitious plan to modernize all of its services—subways, 
buses and paratransit. If implemented, the plan will be a 
watershed for the city’s transit system, much as the subway 
rescue plan that launched the MTA’s capital programs in 
the 1980s pulled the system and the city out of a cycle of 
decline. This time, both the city and state have the advan-
tage of having the wind at their back with rapidly growing 
economies amidst a worldwide resurgence of global cities. 
What is still missing is the collaboration between the MTA, 
the city, the state, unions and the business community that 
ended the previous crisis.

The subway component of NYCT’s plan, Fast Forward, 
closely aligns with the recommendations in RPA’s Fourth 
Regional Plan and that are detailed in this report. Both 
plans propose modernizing the majority of the subway’s 
signal system in the next decade, and the lines that are 
prioritized are nearly identical. Both would restore preven-
tative maintenance, upgrade stations and improve acces-
sibility. And both plans recognize that improvements at 
this scale can only be achieved if service is suspended for 
extended periods of time on lines where the work is being 
performed.

In many instances, this report provides detailed recom-
mendations for how to implement some of the actions iden-
tified in the NYCT plan, such as potential route changes 
to reduce delays and reliance on critical interlockings. 
Other recommendations in this report, such as revising 
loading guidelines and enlarging overcrowded stations, 
are not included in the NYCT plan. The report also goes 
beyond a plan to modernize the system by specifying how 
the system should be expanded to meet future ridership 
demand and serve more parts of the city. In turn, the NYCT 
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Ten Investment Priorities 
to Modernize the 
Existing System
1. Aggressively address the “high-risk” 
critical infrastructure backlog
While much of the system, especially cars and tracks, have 
been returned to a state-of-good-repair, the backlog for 
many critical elements is at the root of many performance 
problems. Backlogs range from 11% for pumps and wells 
to 54% for subway shops. System repairs are a major part 
of the MTA’s capital plans, but with current rates of repair 
it would take decades to return the system to a SOGR. 
The MTA has begun a more targeted component-based 
approach, but repairs for the most critical elements—struc-
tures, signals, power, ventilation and communications—
should be accelerated in the next capital plan. 

2. Implement and maintain preventive 
maintenance measures
Preventative maintenance, repairing or replacing parts 
that are still functioning but nearing the end of their useful 
lives, was introduced in 1999 to great success. The approach 
helped to nearly double the average distance that that sub-
way cars would run before failing—from 80,000 miles to 
153,000 miles—in 10 years. The practice was discontinued 
in 2010 due to budget constraints, and distance between 
mean failures declined to 115,000. The MTA reinstituted 
the practice in 2017 for rolling stock, tracks and signals, and 
it should remain a standard operating feature in all future 
capital plans.

3. Accelerate upgrades to moving block train control
Modern train control will transform subway service, mak-
ing it safer, increasing its capacity and providing greater 
flexibility and resiliency. The number of lines targeted for 
communications-based train control (CBTC) was doubled 
in the 2015-2019 capital plan, but is far less than the four to 
five lines that RPA recommended back in 2014. Completing 
installation of the 11 lines targeted in NYCT’s Fast Forward 
plan would put the signals on track to be substantially 
modernized over the next decade. To accomplish this, RPA 
recommends the elimination of duplicative or legacy equip-
ment, reducing customization, guaranteeing track access 
during longer work windows, and accelerating purchase of 
CBTC-equipped cars. 

4. “Right-Size” and improve accessibility 
of congested stations
A large portion of the 472 subway stations are too small for 
the current number of customers, much less the continued 
growth that should be expected. Besides making subway 
rides unappealing, this causes delays that ripple throughout 
the system as trains take longer to load and unload. RPA 
has identified the 30 most congested stations in the system, 

most of which are not fully accessible, that should be evalu-
ated and targeted for new and larger entrances and exits, 
larger and less circuitous corridors and mezzanines, and 
wider and less cluttered platforms. 

5. Untangle and simplify services
The subway system was designed by private, independent 
companies to minimize the number of transfers riders 
would need to make. However, this results in bottlenecks 
and delays where services cross or merge. Several routing 
changes, many of which could be implemented with little 
capital expenditure, would make service faster and more 
efficient. These include doubling the frequency of the A and 
Q services, making the F service express in Brooklyn, and 
untangling the 2, 3, 4, 5 services at the Nostrand Junction. 

6. Standardize and assign fleet to services
Subway cars are designed to be transferable between 
lines within the two subway divisions—the “A” division 
for numbered lines and the “B” division for lettered lines. 
While this gives the system greater flexibility, signal mod-
ernization would be faster if new CBTC-equipped trains 
were assigned to specific lines. All new train procurements 
should also include open-gangways, which can increase 
train capacity by 5-10%. 

7. Add service to meet more humane 
train loading guidelines
MTA guidelines require a minimum of three feet of stand-
ing space per person. Expanding this to five feet per pas-
senger would improve the subway experience dramatically, 
particularly for passengers with luggage, families with 
strollers and passengers using a wheelchair or walker.

8. Expand deficient terminals
The physical layout of a terminal can significantly limit 
the number of trains that can enter and turn around, and a 
dozen subway terminals have stub end tracks that restrict 
the speed of trains and provide no space to position trains 
for peak service. Four terminals, Parsons/Archer Avenue on 
the J, Z and E lines, 8th Avenue on the L line, Flushing Main 
Street on the 7 line and Astoria/Ditmars on the Q/W line, 
service a large number of trains and have configurations 
that would inhibit throughput even after modern train 
control is installed. 

9. Correct extreme track geometry issues 
and poorly designed junctions
New York’s subway lines are interconnected with 40 junc-
tions that allow for the merging and diverging of services. 
The subway also has 174 curves, with roughly half of them 
limiting the number and speed of trains. While correcting 
these deficiencies would be expensive, the capacity and cost 
benefits for the most problematic of these could be worth 
the effort. RPA has identified 27 bottlenecks that should be 
the highest priority for deeper engineering and cost-benefit 
analysis.
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10. Ensure sufficient yard and power capacity
As ridership continues to grow, land needs to be identi-
fied and preserved to provide sufficient train storage space 
and substation capacity, often in locations that are in high 
demand for development. To minimize the need for addi-
tional substations, priority should be given to conserving 
and recycling power by investing in battery technology, 
reducing the weight of subway trains and using coasting 
and other power saving techniques wherever possible. 

Improving the Customer 
Experience
In addition to major capital investments to restore reliabil-
ity and add capacity, the experience of subway riders would 
be vastly improved with actions that make the subways 
more welcoming, improve unhealthy environments, and 
ease use of the system. These should also make the subways 
more affordable and easier to use for low-income riders, the 
elderly and the disabled. Recommended actions focus on 
station environments, fare structures and new operating 
technologies.

Creating healthier station environments
The subways promote physical activity and improve air 
quality by reducing the number of cars on the road, but 
inside stations heat, noise and pollutants create unhealthy 
conditions. Actions to improve these conditions include the 
following:

 ⊲ Leverage regenerative braking and CBTC to reduce the 
heat generated by trains

 ⊲ Improve ventilation and evaluate other methods of 
cooling, such as using pumped groundwater

 ⊲ Design future subway lines to be more energy efficient 
and produce less heat

 ⊲ Eliminate diesel vehicles and equipment from the fleet

 ⊲ Make the installation of continuously welded rail 
(CWL) standard system-wide

 ⊲ Install quiet rail or low-vibration track at all stations 

 ⊲ Add sound absorbing panels throughout all station 
areas

 ⊲ Install platform screen doors

 ⊲ Open up stations to light and air

Reimagining fares and improving intermodality
The MTA is introducing new fare payment technology that 
provides a once-in-a-generation opportunity to improve 
service and foster greater integration with other modes. 
Riders will be able to use their mobile devices or credit 

cards as transit passes to directly enter the subway or bus. 
In addition to making fare payments easier, it opens several 
possibilities:

 ⊲ Offer lower fares to low-income riders. These discounts 
will be easier to deploy with individual accounts for 
fare payers.

 ⊲ Sell passes based on a certain number of trips, rather 
than on a dollar amount. The more trips purchased, the 
greater the discount received. Trip-based fares could 
also be combined with time-based fare types if the 
number of trips is surpassed.

 ⊲ Curtail fare evasion by employing enforcement officers 
with fare-validation scanners.

 ⊲ Use variable time-of-day pricing to reduce congestion

 ⊲ Replace high entrance/exit turnstiles and revolving 
gates — with either high-capacity turnstiles or acces-
sible fare gates with retractable barriers.

New operating technologies for a smarter subway
Implementation of CBTC along with the current roll-out 
of wireless communications will bring the system into the 
digital realm, and open new ways of thinking about how 
the subway interacts with its riders and employees in the 
future. Realizing this future requires a new operating 
paradigm.

 ⊲ Implement new operational protocols along with the 
introduction of new technology.

 ⊲ Transition to one-person and eventually driverless train 
operations. As has been done in other cities, this will 
require collaboration between labor and management 
to provide workers with new skills and greater respon-
sibility for train operations and customer service and 
safety.

 ⊲ Create a “smart subway” that is able to use real-time 
information to adjust service based on demand and 
customer destinations.

Accelerating the 
Transformation
The current crisis dictates that modernization of the 
subway must happen at a faster pace to sustain the region’s 
economy and support anticipated growth. Under cur-
rent procedures, it would take a generation or more to 
implement the recommendations in this report. With the 
recommendations below, these could be implemented in 15 
years, resulting in a fully modernized subway. They would 
require major reforms on the part of the MTA, its work-
ers and partners, as well as near-term inconvenience for 
subway riders.
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Priority List of Subway Line Closures, Determined by CBTC Score and Number of Bottlenecks
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Lexington Avenue Line Yes Manhattan 4  5  6 3 0 7 18 28
8th Avenue Line** Yes Manhattan/Brooklyn A  C  B  D 3 1 7 14 25
6th Avenue Line No Manhattan/Brooklyn B  D  F  M 4 0 4 15 23
Queens Blvd Line** Yes Queens E  F  M  R 4 0 4 15 23
Broadway Line Yes Manhattan/Brooklyn N  Q  R 5 0 2 15 22
Astoria Line No Manhattan/Queens N  Q 3 1 0 15 19
Broadway - 7th Avenue Line Yes Manhattan 1  2  3 0 0 5 14 19
Archer Avenue Line No Queens E  J  Z 0 1 2 13 16
Fulton Street Line Yes Brooklyn A  C 0 0 2 14 16
42nd Street Shuttle No Manhattan S 0 0 1 14 15
Crosstown Line Yes Queens/Brooklyn G 0 0 0 15 15
Nassau Street Loop Line No Manhattan J  Z 0 0 2 13 15
Liberty Avenue Line No Queens A  C 0 0 0 14 14
4th Avenue Line No Brooklyn D  N  R 0 0 1 12 13
Eastern Parkway Line Yes Brooklyn 2  3  4  5 0 0 2 11 13
Lenox Avenue Line Yes Manhattan 2  3 0 0 0 12 12
Myrtle Avenue Line No Queens M 0 0 0 12 12
Rockaway Line Yes Queens A  S 0 0 0 12 12
Jamaica Line Yes Queens/Brooklyn J  Z  M 0 1 2 8 11
Brighton Line Yes Brooklyn B  Q 0 0 1 9 10
Clark Street Line No Manhattan/Brooklyn 2  3 0 0 1 9 10
Jerome Avenue Line Yes Bronx 4 0 0 0 10 10
Pelham Line No Bronx 6 0 0 0 10 10
Nostrand Avenue Line No Brooklyn 2  5 0 0 0 9 9
Sea Beach Line Yes Brooklyn N 0 0 0 9 9
Culver Line No Brooklyn F  G 0 0 0 8 8
Flushing Line* Yes Manhattan, Queens 7 2 1 4 0 7
Concourse Line No Bronx B  D 0 0 0 7 7
Franklin Avenue Line No Brooklyn S 0 0 1 6 7
Second Avenue Line No Manhattan Q 0 0 0 7 7
West End Line Yes Brooklyn D 0 0 0 7 7
White Plains Road Line No Bronx 2  5 0 0 0 7 7
Dyre Avenue Line No Bronx 5 0 0 0 6 6
Canarsie Line* Yes Manhattan/Brooklyn L 3 1 1 0 5
63rd Street Line No Manhattan Q  F 0 0 0 0 0
Notes: * CBTC installed on these lines, ** CBTC installation funded in 2015-2019 Capital Plan 
The top 30 hub stations are disaggregated by line, leading the number of stations listed above to add up to more than 30. Just a part of the station complex 
(hub) might be shut down so that other lines still operate to serve the area. Severe geometry and constrained terminals are based on highest priority for 15 
year plan (27 curves and 4 terminals and the lines they affect). 
Source: MTA, RPA analysis
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Implement extended line segment closures
Providing longer work windows is essential to completing 
work faster and less expensively. This could be done either 
by closing lines during nights and weekends until the work 
is completed, as proposed in the NYCT plan, or by closing 
lines entirely for a shorter duration, such as the suspension 
of L train service that will soon commence to repair dam-
aged tunnels. Lines must meet two criteria to be considered 
for extended closure. The lines must have a critical mass of 
issues that affect capacity, and they must parallel roadways 
where sufficient alternative surface transit service could be 
provided. RPA ranked each of the 35 lines segments in the 
system based on four factors — number of severe curves, 
constrained terminals and undersized stations and their 
signals priority score. Out of the top ten scoring lines, seven 
are in Manhattan and three are in Brooklyn or Queens. 
These ten lines have high ridership demands at their sta-
tions and all along the lines, since many of their segments 
are considered major trunks where numerous lines merge 
in the CBD. 

Replace late night weekday service 
with high frequency bus service
Only a handful of cities aside from New York run 24/7 
service. In most of these cities it’s not the entire system, 
just one or two lines rather than the entire system runs 
24/7. Closing the subways on weeknights and/or for more 
extended time periods would create more opportunities for 
track installation and testing of equipment—and would also 
reduce costs. The overwhelming majority of people who 
ride the subway during the daytime would benefit from 
the better, more reliable, cleaner and better-maintained 
system that weeknight closures would allow. While only 1.5 
percent of weekday riders use the system between 12:30 am 
and 5 am, many depend on subways to get to and from work 
and other late night activities. For these riders, frequent 
high-speed bus service should be able to provide an accept-
able, even superior service, for most riders. Late night ser-
vice is already infrequent and unreliable, and buses could 
run frequently on largely uncongested streets. 

Empower business improvement districts 
(BIDs) to maintain stations
Having BIDs do basic maintenance like trash and cleaning, 
would leave more time for NYCT workers to address more 
serious station maintenance tasks. Furthermore, if stations 
are maintained by funding from BIDs, the MTA could and 
should direct more funding to those neighborhood stations 
that are outside commercial districts and do not have a 
BID. 

New Capacity and 
Better Access
The proposals in the previous section would fix and 
modernize the existing subway network on an accelerated 
15-year time frame. However, they would not extend ser-
vice to people and places that need rapid transit but don’t 
currently have it. Nor would they provide enough capac-
ity on their own for all the growth the city and region can 
expect in the coming decades. Addressing these needs will 
require new lines and added capacity on existing lines, and 
will need to be implemented over a longer time frame.

While modern train control will add capacity to almost all 
of New York’s subway lines once it’s installed — some lines 
will receive a greater boost than others due to the number 
of bottlenecks that impede the throughput of trains. Yet, 
modern train control alone will be insufficient to address 
some of the city’s major corridors where demand will be 
rising substantially by 2040. Additional actions will likely 
be needed in these cases. Four out of the five boroughs 
will experience capacity constraints along major subway 
corridors, and will require concerted actions to provide 
sufficient service: 

 ⊲ Lexington Avenue ( 4, 5, 6) and Broadway/7th Avenue 
Corridors (2, 3) in Manhattan

 ⊲ Brighton (Q/B), West End (D), Jamaica Line (J/M) and 
Culver Line Corridors (F) in Brooklyn

 ⊲ Astoria (N/W), Flushing (7) and Queens Blvd Line Cor-
ridors (E,F, M and R) in Queens

 ⊲ Jerome Avenue Corridor (4) in the Bronx

In addition to these capacity improvements on existing 
lines, RPA identified unserved areas that have both high 
enough densities to warrant subway service, and low 
incomes that indicate a high need. As a result, eight subway 
extensions or additions are recommended:

 ⊲ SAS Phase 2C, Bronx Extension to Grand Concourse 
Line.

 ⊲ Northern Blvd Line.

 ⊲ Jewel Ave Line.

 ⊲ Astoria Line Extension.

 ⊲ SAS Phase 2B, Crosstown 125th Street.

 ⊲ #7 Extension to Chelsea and Meatpacking District.

 ⊲ Utica Avenue Subway.

 ⊲ Nostrand Avenue Extension.
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Inaugurated in 1904, New York City’s subway is one of the 
oldest, largest, and most complex urban rail systems in the 
world. It consists of 26 services running on over 35 differ-
ent lines, serving 472 stations that span 231 route miles 
(728 track miles). It is operated as two separate divisions 
(see Table 1) that have incompatible rolling stock, tunnel 
and station dimensions. The system carries an average of 
5.7 million passengers every weekday. Its 1.76 billion riders 
in 2016 was more than the annual ridership of the Wash-
ington Metro, Chicago ‘L’, and Boston ‘T’ (subway portion) 
combined. More than its size is the span, extent and cost 
of rapid transit in New York. No other city in the United 
States, and few worldwide, allows its transit riders to go 
anywhere that subways or buses go, any time of the day or 
night, for a single flat fare.

Table 1: The Two Divisions of the Subway System

Division Services
Historical 
Name

Track Miles 
(Lines Only) Share

A 1  2  3  4  5  6  
7  S

IRT 220 32%

B A  B  C  D  E  F  G  
J  L  M  N  Q  R  W  
S  Z

BMT/IND 477 68%

Note: The Time Square shuttle (S) is Div A and The Broad Channel and 
Franklin Ave shuttles are Div B. 
Source: MTA and RPA Analysis
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Without its subways, New York City’s economy and way 
of life would cease to function. Over 60% of the almost 
1.4 million people traveling into the Manhattan Central 
Business District (CBD) during the AM peak (7-10am) do so 
using the subway. Many of those entering by commuter rail 
and buses from New Jersey, the Lower Hudson Valley, Con-
necticut and Long Island also use the subway to reach their 
final destination. In neighborhoods throughout the five 
boroughs, subways have given generations of New Yorkers 
a chance to get ahead by providing affordable transporta-
tion to millions of jobs, schools and other opportunities. 
When service goes out, as it did during Hurricanes Sandy 
and Irene, the city and its economy come to a halt.

The subways will need to serve even more commuters, 
business travelers and tourists in the future. RPA’s Fourth 
Regional Plan projects as many as 1.8 million jobs and 
3.7 million residents in the region by 2040, with 1.2 mil-
lion residents and over 800,000 jobs in New York City 
alone. Yet, the system is struggling to serve the region 
today. Subway riders experience mechanical breakdowns 
and overcrowded stations and trains on a daily basis. The 
Metropolitan Transportation Authority (MTA), the state 
agency responsible for operating and maintaining the sub-
way, has a large backlog of infrastructure repairs to bring 
the subway up to modern standards even after spending 
tens of billions of dollars on upgrades in more than three 
decades. Also, the subway has expanded very little since 
the 1930’s; failing to cover the explosive growth of the city 
and provide better access to the almost 40% of neighbor-
hoods still outside of a 10-15 minute walk to a station. The 
recent opening of the Second Avenue Subway on the Upper 
East Side and the public’s overwhelmingly positive recep-
tion of the extension of the Q service demonstrate the need 
to address these shortcomings and expand service in other 
parts of the city.

The Fourth Regional Plan, released in November 2017, 
included a comprehensive set of recommendations to 
address the major deficiencies that affect the subway sys-
tem today and anticipate how it might evolve to serve the 
needs of a growing city and region. This report expands on 
these proposals and provides a more in-depth look into the 
state of the subway, examining ridership growth and the 
factors that have led to increasingly unreliable service. It 
details specific challenges to public health, financial perfor-

mance, physical capacity and coverage. Estimates of future 
ridership growth for the 26 services (and 35 physical lines) 
are provided. Based on this analysis, recommendations are 
presented that include a set of strategies to fix and mod-
ernize the system, expand it where needed, improve its 
efficiency and create a healthier and more equitable system. 
These recommendations, if followed, will transform the 
subway in a way that will make it almost unrecognizable to 
those that use it today.
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The subway is breaking ridership records. It is being used 
more now than anytime over the past 70 years, during all 
times of the day. Paradoxically, its reputation has declined 
because growing ridership has coincided less reliability. 
This is the result of chronic underinvestment in maintain-
ing and modernizing the system, along with outmoded 
management practices. In a city that has only gotten 
healthier, with cleaner air and water, the environment in 
the subway has gotten worse — hotter, noisier and overall 
less humane. RPA will delve into each of these areas, exam-
ining the causes and impacts of high ridership, congested 
trains and station, unreliable service and unhealthy envi-
ronment.

Record Ridership
Figure 1 depicts the history of subway ridership from 1904 
to the present. Subway ridership rose steadily as the system 
was being expanded from the opening of the first under-
ground line in 1904 up to and through World War II, it 
reached its zenith in 1946 at 2.1 billion rides. From then on 
the subway system experienced a sharp decline as it was 

buffeted by many outside forces, from growing automobile 
ownership to government policies that encouraged the 
flight of people and jobs from the city to the suburbs. Even 
the demise of the six-day work week reduced ridership. 
From its peak it lost 37% of its riders in 12 years, falling to 
1.3 billion in 1958. After a period of stability, ridership fell 
another 30% from 1969 to 1977 to 917 million, a level not 
seen since 1915  — the victim of steep job losses in the City 
and particularly in Manhattan and declining service during 
New York City’s fiscal crisis. Ridership stabilized in the late 
1970s and 1980s as the economy recovered, but the deterio-
ration of the system and rising crime rates prevented any 
substantial growth. By the mid-1980s the infusion of capital 
investment spurred by the taxes levied in 1981 by the Carey 
administration and championed by Richard Ravitch, began 
to have a noticeable effect.

Part I. The State of the Subway 
and Projected Growth

Figure 1: Historical Subway Ridership from 1904 to 2016 (millions)
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Following a deep region-wide recession in the early 1990s, 
a combination of positive forces took hold. Not only was the 
investment paying off in improved reliability, but strong 
economic growth meant more jobs and more people taking 
the system to work. Crime rates plummeted in the City and 
greater safety in subways enticed more to use them. The 
biggest ridership increases occurred after the MetroCard 
was introduced system-wide in 1997. The MetroCard made 
each ride less costly for weekly and monthly car holders 
and eliminated the cost of a bus when added to a subway 
trip. These factors encouraged more people to ride the 
subway, and helped make the City a more attractive place 
to live and work, generating still more subway trips in what 
could be called “a virtuous cycle.” In spite of two reces-
sions, subway ridership rose more than 3% per year from 
1997 to 2014, from 1.1 billion to 1.8 billion, an increase of 
66%. By then ridership had climbed to a level not seen since 
1948.

While the growth in this recent period has occurred 
around the clock and through the week, the remarkable 
feature is the disproportionate growth in weekend and 
off peak periods. People are using the subway more all the 
time, not just in traditional peak commute times. In Figure 
2, the growth rates in weekday and weekend ridership 
since 1997 are shown separately. Weekday ridership has 
grown 42% but weekend has far outdistanced that, growing 
70% over the past 18-years.

Figure 2: Weekday and Weekend Ridership Growth Since 
1997
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This unprecedented growth has created problems of 
crowding in both the peak and off peak. In peak times 
the crowded trains result in longer dwell times, further 
depressing the capacity on the most crowded lines. In the 

off-peak and on weekends service increases have not kept 
pace with the growth, resulting in long waits between 
trains, crowded platforms and packed trains.

Unreliable Service, Aging 
Infrastructure & Congested 
Trains and Stations
The subway is buckling under pressure. Daily ridership 
has set record-breaking levels of over 6 million trips on 
some days and the system is under constant demands to 
serve the public reliably throughout the entire weekday 
and weekends. The systematic breakdowns experienced by 
riders on a daily basis indicate that the subway is starting to 
backslide. High ridership combined with aging signals, sta-
tions and other infrastructure appears to be a major reason 
behind this worsening performance. Yet, historically the 
subway carried even more riders annually, which indicates 
that growing ridership alone is not to blame.

In spite of the very real improvements in service since the 
1980s, the MTA has still been unable to fully address its 
state-of-good-repair backlog (SOGR). As of its 2015 Twenty-
Years Needs Assessment, out of 14 system elements only 
two, cars and tracks, had reached a SOGR. Only 79% of 
structures, 78% of stations, 74% of signals, 61% of power/
ventilation and 46% of subway shops had been rehabilitated 
or replaced and brought to a normal replacement cycle. The 
need to constantly play catchup has placed additional strain 
on the MTA to maintain its normal replacement cycle along 
with basic maintenance. The MTA has also made changes 
to how it operates service that has resulted in a reduction 
in capacity. These changes, which included limiting the 
speeds of trains and the installation of time signals, were 
made to address safety concerns that arose with its out-
moded signaling system. While there have been no major 
accidents related to signal failures since the changes took 
place, the inability to not only return signals to a SOGR but 
also to replace signals with Communications-Based Train 
Control (CBTC) forced this choice between safety and 
service.

Subway trains and stations are both congested. Overcrowd-
ing delays have increased by 500% over the past six years, 
according to the MTA. This has increased dwell time at sta-
tions and degraded the on-time performance (OTP) of the 
subway system, which has reached new lows of 64% this 
past year — down from a system-wide average of roughly 
80%. In 2017, some lines reported severe declines in OTP, 
the worst were the east/west side IRTs express services 
(#2, 3, 4 & 5), reporting only 40% of trains completing their 
runs on time. The subway “wait time” metric, defined as 
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Figure 3: 2015 Peak Load Points (V/C ≥ 1) 
Source: MTA, RPA Analysis
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the percent of actual intervals between trains that arrive 
no later than the scheduled interval plus an extra padding 
of 25%, is also slipping1.

As shown in Figure 3, many subway lines are reaching their 
peak-load points further outside of the Central Business 
District (CBD), making for longer times spent in excessively 
crowded trains and discouraging riders from taking the 
system during the peak. The result has been a capacity con-
strained peak and growing congestion in the shoulders. For 
example, the #7 express reaches its peak AM load point at 
Woodside and the #2/3 at 72nd Street — both far outside the 
CBD. Moreover, these peak load points would extend out 
even further if the MTA’s loading guidelines for standees 
were more humane; the current standard is a very tight 3 
square feet per person.

Crowded and deteriorating conditions also exacerbate 
unhealthy conditions on the subways. The millions of 
people that ride the subway on an average weekday experi-
ence the benefits of mass transit use: physical exercise in 
the form of walking to and from transit stops, lower risk of 
injury due to automobile crashes, and improved access to 
medical care and healthy foods.2 3 However, use of the New 
York City subway also involves exposure to environmen-
tal health risks including heat, excessive noise, and poor 
air quality. Stations are getting hotter with temperatures 
of over 100 degrees Fahrenheit on recent record4, noise 
levels that can exceed the acceptable 85 Db5 threshold and 
elevated levels of particulate matter such as “Black Carbon” 
being recorded. In an era of booming ridership and urban 
revitalization, these health risks must be measured and 
mitigated to the extent possible to ensure that riders and 
employees are not put at risk for serious health impacts.

The combination of aging infrastructure, slow progress 
towards modernization, higher ridership with stations and 
trains that are unable to comfortably and efficiently process 
all these new riders has begun to substantially erode the 
subway’s reliability. These disturbing developments conjure 
up memories of a system that fell into a state of disrepair 
starting in the 1970’s. A return to those days would put the 
hard-won resurgence of the city ad the region at risk.

1 MTA Board and Committee Meetings Minutes 2017. Web. 8 Mar. 2018. 
<http://web.mta.info/mta/news/books/>.
2 Litman, Todd. “Evaluating Public Transportation Health Benefits”. Victoria 
Transport Policy Institute. 12 Mar. 2018.<http://www.apta.com/resources/
reportsandpublications/Documents/APTA_Health_Benefits_Litman.pdf>.
3 “Introduction to Subway Ridership.” MTA. Web.12 Mar. 2018. <http://web.
mta.info/nyct/facts/ridership/>.
4 “NYCs Hottest Subway Stations, Mapped.” WNYC. Web. 12 Mar. 2018. 
<https://www.wnyc.org/story/hottest-subway-stations-map-nyc/>.
5 Jamieson, Amber. “The city’s most deafening subway station is...” New York 
Post. 19 Jul. 2015. 8 Mar. 2018. <https://nypost.com/2015/07/19/the-citys-most-
deafening-subway-station-is/>.

Poor Financial Condition
The state of the subway is not only limited to the per-
formance of its infrastructure.  The fiscal health of the 
organization makes it more difficult to address its service 
and infrastructure needs. While the MTA’s governance 
and organizational culture undoubtedly influences its fiscal 
state, these subjects will not be discussed in great detail 
here. Instead, the focus will be on the existing budget pro-
cesses and how it affects the bottom line.

Like most transportation providers, the MTA has an annual 
operating budget with a three -year outlook. This budget 
includes operating expenses such as labor and benefits, 
fuel, maintenance costs and debt service payments. The 
operating plan also includes anticipated revenues from 
fares, tolls and subsidies. The agency’s operating budget 
for 2017 was $15.46 billion. The agency’s revenues covered 
57% of its funding need, with the remaining gap filled by 
dedicated taxes and other state and local government subsi-
dies. Payroll, pensions, healthcare and overtime accounted 
for 60% of the MTA’s expenses. The cost of running the 
subways, buses and the Station Island Rapid Transit (SIRT) 
system consumed 52% of the budget. This was followed by 
debt service at 16%, which is almost equal to the combined 
expenses of the two commuter railroads. Debt service has 
been one of the major cost drivers pushing up MTA’s oper-
ating expenses. Adjusting for inflation, the MTA’s operating 
budget has increase 64% over the past fifteen years, rising 
from $9.45 billion (inflation adjusted) in 2002 to over $15 
billion today. Figure 4 charts the agency’s most rapidly 
growing expenses during that same period as an index. It 
dramatically illustrates the rapid increase in debt service, 
up 192% over the past 15 years, followed by healthcare/pen-
sion costs, overtime and payroll.

Figure 4: Index of MTA Operating Expenses, 2002 to 2017
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Yet, this is only half the story. While the agency’s operating 
costs have been on an upward trajectory its capital spend-
ing, which is managed through a separate process, has not.

The first five-year capital plan was adopted in 1982 and 
there have been six plans over the past three decades. In 
total, the MTA has or plans to invest over $150 billion to 
restore, improve, and expand their physical network and 
transit services. The plans have been predominately funded 
by fares, tolls and dedicated tax and fee revenues that are 
mostly bonded, which accounts for approximately 57% of 
the total funding since 1982. The agency has also received 
substantial federal support, which over the past three 
decades has funded 32% of the MTA’s capital investments. 
The State and the City have contributed far less in direct 
capital support in recent years, combining for just 6% of the 
current capital program down from over 25% of the first 
plan. 

State funding increased after the 1990s and was around 
30% in both the 2005-2009 and 2010-2014 capital plan. 
Projected share for 2015-2019 is 25%, but sources haven’t 
yet been identified. City funding declined in the 2010-2014 
plan but is projected to return to prior levels in the 2015-
2019 plan. MTA share (issuing debt, asset sales, pay-go 
funding and other resources) nearly doubled between 
2005-2009 amd 2010-2014 plans from 22% to nearly 40%, 
and is projected to remain at that level in the current capi-
tal plan.6 That’s approximately the level of funding during 
the 1980s and 1990s. However, much of the revenue backing 
the MTA’s outstanding debt (bonds) comes from state and 
local residents via taxes and fees.7 

Of necessity more recent capital plans have relied to a 
greater extent on debt. This has constrained future bor-
rowing capacity for succeeding five year plans and, as noted 
earlier, increased pressure on the operating budget. The 
amount of debt the agency can issue is limited by “what 
the market can bear” and a state mandated legislative bond 
cap. Currently, the MTA is carrying $36 billion in debt. S&P 
recently (March, 2018) lowered the MTA’s bond rating from 
–AA to +A because its debt service coverage ratio (amount 
of cash on hand to cover outstanding debt) may fall below 1 
over the course of the coming year.8 This will increase the 
cost of borrowing for the agency and limit how much debt 
it can afford to issue and therefore the capital it can raise. If 
the debt ceiling continues to rise the agency’s credit rating 
will be further degraded.

Table 2 details the size in nominal and constant dollars of 
all six MTA capital plans. The 1982-1991 plan is actually a 
combination of two capital plans and does not include MTA 

6 DiNapoli, Thomas. “Report 4-2016: Financial Outlook for the Metropolitan 
Transportation Authority.” Office of New York State Comptroller. Sept. 2015
7 “MTA 2018 Adopted Budget: February Finacial Plan 2018-2021.” MTA. 
Feb. 2018. Web. 12 Mar. 2018. v<http://web.mta.info/mta/budget/pdf/MTA-
2018-AdoptedBudgetFebruaryFinancialPlan_2018-21.pdf>.
8 Braun, Martin. “MTA’s rising debt and payroll cost take toll…” Bloomberg. 
12 Mar. 2018 <https://www.bloomberg.com/news/articles/2018-03-12/mta-s-
rising-debt-and-payroll-costs-take-toll-on-credit-rating>

Overview of the 
Legislatively 
Mandated MTA Capital 
Planning Process
The legislatively mandated MTA capital program consists 
of a five-year plan informed by a 20-year needs assessment 
that is produced every five years. The plan is organized 
within each agency by asset categories, elements, and 
project needs codes, including state of good repair (SOGR), 
normal replacement (NR), system improvement (SI) and 
network expansion (NE). Much of the current expansion 
program is undertaken by the Capital Construction unit of 
the MTA.

Typically the proposed five year plan is approved by the 
MTA’s Board in the September prior to the start of the 
proposed five year plan and submitted to the NYS Capital 
Program Review Board (CPRB) on or before October 1st (as 
required by statute). The CPRB consists of four members, 
representing the Governor of New York State, each house 
of the state legislature — Senate and Assembly — and the 
Mayor of New York City (the city representative can only 
vote on the transit portion of the plan). Once it receives the 
proposed plan as approved by the MTA Board, the CPRB 
must approve the program unanimously with 90 days or 
take no action; otherwise the plan is rejected and the MTA 
must revise and resubmit for approval. 

Once approved the plans typically undergo multiple 
amendments (sometimes several over the course of a single 
year) as unanticipated needs or changes to the plan requir-
ing Board action arise. Any increase to a budget element 
that is 10% or greater must be approved by the CPRB. 

The MTA Bridges and Tunnels unit is not subject to CPRB 
approval and its portion of the capital program will not 
be addressed in the remainder of this briefing document 
because it’s a self-funding entity. However, Bridge and 
Tunnels does provide a significant cross-subsidy, typically 
over $500 million, to support the MTA’s transit operating 
budgets and ability to issue fare backed debt for transit 
capital improvements.
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Bridge and Tunnel investments, like the other five, and the 
extended 1992-1999 plan is representative of a gap in the 
capital planning process. However, the plans from 2000 
onward are comparable and spending levels, when adjusted 
for inflation, are relatively flat. Over the past twenty years 
MTA spending on its capital infrastructure has only 
increased by slightly over $2 billion or 7%, while roughly 
over the same period annual subway ridership has soared 
by 27% adding over 375 million riders.

Table 2: Funding Levels of MTA Capital Plans, in Constant 
Dollars

Years
Allocations 

(Nominal $)
Inflation Adjusted 

(Constant $)
2015-2019 33.27 -

2010-2014* 29.03 31.61

2005-2009 24.59 30.06

2000-2004 21.76 30.18

1992-1999 18.11 29.56

1982-1991** 15.39 33.99

Total 141.34 155.40

Source: MTA

The long-term fiscal outlook for the MTA is full of uncer-
tainties, with three major concerns that could impede the 
agency’s ability to restore and sustain its facilities:

 ⊲ An operating budget rising at a much faster pace than 
inflation, driven by employee benefits and debt service

 ⊲ Debt service costs that are unsustainable, and that will 
drive up the cost of borrowing and further increase 
pressure the farebox and tolls.

 ⊲ Stagnating capital plan funding, which is insufficient 
for maintaining and modernizing the system or keeping 
pace with a growing city.

Survey of Subway Capacity 
and Pressure Points
More crowded trains and congested stations have con-
tributed to greater station dwell times and slower service. 
This has effectively reduced the capacity of the subways 
and resulted in ever greater delays. Nowhere is this more 
apparent than on the Lexington Avenue line where station 
crowding has reached levels that prevent the southbound 
express track from reaching its full throughput of 29 trains 
per hour (tph). At Grand Central Station dwell times of 
a minute or more are commonly observed in the peak 
period, twice what would be required to achieve maximum 
throughput. These delays ripple throughout the south-
bound express track allowing only 26 tph to pass Grand 
Central in the peak, approximately 10% below the track’s 
full throughput9. The delays also continue to accrue over 
the course of a train’s run down the line, travel times from 
125th Street to Bowling Green are 9 minutes longer during 
the very congested peak period than during the off-peak10.

Excessive station dwells can be caused by infrequent 
service and a station’s physical constraints — inadequate 
platform capacity and vertical circulation elements, among 
others. The system is also plagued by other bottlenecks 
such as its outmoded signal system, tight curves and inef-
ficient terminals and junctions. Combined, these physical 
attributes constrain the upper limit capacity of the system 
and make it less reliable.

Unlike most metros, which operate single lines that host 
just one service along their entire length, New York’s sub-
way operates like a tree, with many branches connecting 
to a trunk. The subway’s trunk lines, mostly in Manhat-
tan, are straining under the pressure of multiple services 
whereas the branch lines on the outer edges of the system 
are more lightly used. However, there are some lines in 
the system that have untapped capacity under the current 
fixed-block system.

Table 3 lists maximum and scheduled capacity for the lines 
that serve the Manhattan CBD at locations within the core 
or major entry points, which are set by loading guidelines 
and available fleet. It shows that the untapped capacity 
amounts to only 14 trains on three lines, the Jamaica line 
(J, M, Z), the 7th Avenue/Broadway local (#1), and the 8th 
Avenue line (A, B, C, D). Under the MTA’s existing loading 
guidelines this would equate to only an additional 18,600 
riders during the peak period. 

9 MTA. “Second Avenue Subway Supplemental Draft Environmental Impact 
Statement”. 2003. Web. 12 Mar. 2018. <http://www.mta.info/capconstr/sas/
documents/sdeis/chapter5b.pdf>.
10 MTA. “Second Avenue Subway Final Design Application.” 2004. Web. 12 
Mar. 2018. <http://www.fta.dot.gov/documents/SAS_make_the_case.pdf>.
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Actions taken by the MTA to increase the safety of the 
signal system after two serious accidents in the 1990’s 
have suppressed capacity even further. Recent investiga-
tions taken by several news outlets have suggested that 
these changes along with management actions had an even 
greater impact on system capacity than the MTA and other 
experts had thought.11 The agency is planning on conduct-
ing a top down review to determine whether it is possible 
to refine their actions to address safety of the outmoded 
signaling system. However, the only way to fully address 
both capacity and safety needs is to transition the subway 
to a moving block, CBTC system.

Table 3: Capacity Limitations for Trunk Lines Feeding CBD

Line

Max 
Capacity 

(tph)

Scheduled 
TPH (AM 

rolling 
60 min)

Train 
Shortfall 

(tph)
1  (66th St./Bway) 24 19 5
2  3  (Times Sq) 23 23 0
4  5  (Grand Central) 29 29 0
6  (59th St./Lex) 22 22 0
7  (Grand Central) 27 27 0
J  M  Z  (Williamsburg) 24 21 3
L  (1st Ave.) 20 20 0
E  F  (Qns Blvd) 30 30 0
R  (Whitehall St.) 10 10 0
N  Q  (Qboro Plz) 15 15 0
C  (59th St.) 8 7 1
B  (59th St.) 12 10 2
A  (59th St.) 18 17 1
D  (59th St.) 12 10 2

Total 14
Source: MTA, as of June 2018

The interwoven configuration of the various lines can 
also place limits on some of this available excess capac-
ity or, conversely, understate the underutilization of some 
lines. For example, the A train south of 59th Street runs 
exclusively on its own express tracks to Canal Street in 
Lower Manhattan. Yet, its capacity is limited to 18 trains 
per-hour (tph) per track because it must share the express 
track along Central Park West north of Columbus Circle 
with the D (12 tph) until they both diverge again at 145th 
Street, and later with the C (8 tph) on a segment of track 
south of Canal Street, including the Fulton Street Tun-
nel, to Downtown Brooklyn before finally returning to an 
exclusive set of express tracks for its run to the Rockaways. 
This places limitations on how much additional service can 
be added unless headways can be further lowered. There 
are a handful of lines in the system (mostly in Manhattan) 
where existing service is constrained and where capac-
ity untapped. This is due to bottlenecks, in most cases 
the result of planned system expansions that were never 
completed:

11 Pearce, Adam. “How 2 M.T.A. decisions pushed the subway…” The New York 
Times.  9 May. 2018 <https://www.nytimes.com/interactive/2018/05/09/nyre-
gion/subway-crisis-mta-decisions-signals-rules.html>

 ⊲ A/C after Chambers Street to Hoyt, only two-tracks

 ⊲ F train in Manhattan and Queens, un-used capacity in 
the 63rd Street tunnel and express tracks in Brooklyn

 ⊲ A train in Upper Manhattan and Midtown, must share 
capacity with D along Central Park West

 ⊲ D train in Bronx, must share with A along Central Park 
West

 ⊲ Q train UES (slowdowns at Dekalb Junction, Canal 
Junction and 34th Street — all places with merging/
diverging services) runs partial service on new SAS line

 ⊲ R train in Lower Manhattan, mixes with W to White-
hall then runs alone in the Montague tubes limiting 
service along 4th Avenue in Brooklyn

 ⊲ 4 train in the Bronx, the peak 5 service limits headways 
in the Bronx

In addition, growing ridership will continue to put pressure 
on the system, especially at major subway hubs that typi-
cally connect multiple services and other locations in the 
system where trains reach their heaviest loads — the peak-
load points (see Figure 3). As subway ridership grows, these 
locations are likely to take on the features of the Lexington 
Avenue line, creating capacity limitations and more crowd-
ing unless remedies are found.

Subway Deserts, 
Places Unserved
RPA’s 2008 report Tomorrow’s Transit: New Mobility for the 
Region’s Urban Core surveyed the coverage of the subway 
system to identity rapid transit deserts. This study also 
developed a composite map that overlaid places that were 
not adequately served by the subway with higher popula-
tion densities and lower household income levels to set 
priorities for investment. This analysis was recreated for 
the Fourth Regional Plan with some minor differences 
and refinements. These deserts were underserved places, 
based on actual walking paths/roadways (over a third of 
a mile from a subway stop) and identified as priorities low 
income areas where the median household earned less than 
$45,000 per year (up from $35,000) and where densities 
were more than 20,000 persons per square mile.

Not much has really changed since 2008 with the excep-
tion of the opening of the first phase of the Second Avenue 
Subway (SAS) and 7 line extension. Both projects did not 
address rapid transit deserts that met all three criteria, 
but they did improve access in dense underserved parts of 
the city. The next phase of the SAS from 96th Street to 125th 
Street, currently in planning, will cover the dense low-
income neighborhood of East Harlem.
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Table 4: Percentage of New York City Population Covered 
by Transit

Boroughs

Population Covered

By Subway

By Subway, 
Express Bus, 
and SBS

By Subway, 
Express Bus, 
SBS, and 
Commuter Rail

The Bronx 63% 87% 89%

Brooklyn 72% 92% 92%

Manhattan 91% 98% 98%

Queens 39% 80% 82%

Staten Island 16% 84% 84%

NYC Total 62% 89% 90%
Source: RPA Analysis and MTA

Today, the subway only covers 62% of the city’s population. 
When express buses and the 15 Select Bus Service (SBS) 
routes are added the coverage increases to 89% and to 90% 
when the existing commuter rail stations are included. 
Looking at the city as a whole can be misleading, especially 
when Staten Island is included because it has a fraction of 
the population density of the other four boroughs. When 
excluded the other four boroughs exceed the overall aver-
age, with the exception of Queens where only 39% of its 
population is within walking distance to a subway station. 
In all cases it appears that SBS has further improved local 
coverage over express buses. Yet, most of these routes are 
designed to serve a different purpose than the subway and 
express buses, which is intra-borough trips, and their per-
formance is still lacking and not yet on par with true rapid 
transit.

The updated composite map includes Express Buses and 
Subway service only because they are faster, due to grade 
separation or limited stops, and are oriented to rapidly 
transport riders longer distances. While SBS buses are an 
improvement over local buses they are not yet on par with 
the speed or priority of these other modes. As shown in 
Figure 5, there are neighborhoods throughout all five bor-
oughs that meet all three criteria. Some places that stand 
out include:

 ⊲ The 3rd Avenue corridor and the southeastern sections 
of the Bronx

 ⊲ East Harlem and the Lower East Side in Manhattan

 ⊲ Islands in central/northeast Queens and southeast 
Queens

 ⊲ Areas throughout Brooklyn, almost eight distinct cor-
ridors/islands

When examining places in the city that are underserved 
and dense enough to support rapid transit, the lack of 
service is apparent — especially in Brooklyn and Queens. 
In those two boroughs there are huge swaths of the urban 
fabric that are outside of a 5-10 minute walk to the subway. 

A similar analysis for close in areas of New Jersey and 
Westchester County is covered in more detail in the Fourth 
Regional Plan.

Subway Ridership in 2040
An estimate of the likely growth in transit travel was made 
for each of the existing subway lines in the system using the 
RPA allocation of potential population and job growth in 
2040 and its regional travel demand model.12 The estimate 
was made by accumulating the growth in transit riders, 
the vast majority of which are subway riders, for each zone 
to zone market through which each of the subway lines 
pass. While this analysis is a useful indicator of where we 
might or might not see growth in the future, it is imper-
fect. There are several caveats to note including a lack of 
granularity due to the zone size and inability of the model 
to discern between transit modes. For these reasons, mostly 
geographic constraints, RPA did not model the subway 
improvements presented later in the report.

The results shown in Table 5 are organized into three sec-
tors — lines entering the CBD from the north at 60th Street, 
lines entering across the East River from Queens, and lines 
entering from Brooklyn along with intra-borough trips in 
the outer column of the table, totaling 29 distinct lines and 
services. The growth is ranked high, medium or low, with 
high being over 10% growth.

For the 60th Street cordon, the three services on the east 
side — 4, 5, and 6 — serving both the upper east side and 
the Bronx show the most growth, suggesting new capac-
ity is still needed there. Each of the lines in Queens will 
see growth in CBD bound traffic by 8% or more, with the 
N/W services that run along the Astoria line displaying the 
greatest growth. The picture is very different in Brooklyn, 
where the growth of trips into Manhattan is in decline for 
each line. The job growth allocated for Brooklyn probably 
explains this since the existing subway lines do not serve 
some of the markets well.

This hypothesis is partially confirmed by looking at trips 
which originate in the same zones as in the above analy-
sis but which terminate somewhere along the corridor in 
question prior to entering the CBD. These are also shown 
in Table 5. When looking at these trips, there is moderate to 
high growth on each of the Brooklyn lines indicating that 
the densification of job centers in Brooklyn (e.g. Downtown 
Brooklyn) are “intercepting” trips which would otherwise 
head to the CBD. The Queens set of lines exhibits a similar 
pattern, likely because of the job growth projected for Long 
Island City. Finally, those lines passing through the 60th 

12 Population and job growth projections can be found in Charting a New 
Course and represents growth the region could achieve if it provides sufficient 
housing and infrastructure to meet demand. The SAS was not considered in the 
analysis because the trip data used was taken from the 2010 Census and thus 
does not reflect trip patterns associated with the new line.
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Figure 5: Rapid Transit Deserts: 
Composite Map of New York City
Source: RPA Analysis, American Community 
Survey 2015
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street cordon see both positive and negative growth in trips 
headed towards but not ending in the CBD likely because 
little new development is projected for Upper Manhat-
tan or the Bronx. These increases in trips headed towards 
but not terminating in the CBD indicate that capacity is 
needed not only into the CBD but also for trips within the 
outer-boroughs to new job centers located along the identi-
fied corridors. Later in this report solutions are proposed 
beyond modernization of the existing system, to address 
higher growth corridors.

Table 5: Estimated Increase in Transit Ridership by Line 
for 2040

Cordon line
Change 
to CBD

Change  
Intra-Borough

Brooklyn 2  Low Medium 
3  Low Medium 
4  Low Medium 
5 Low Medium 
A  Low Medium 
B  Low High 
C  Low Low 
D Low High 
F  Low High 
J  Low High 
L Low Medium 
M  Low High 

Queens 7  Medum High 

E  High High 
F  Medum High 
M Medum High 
N High High 
Q  W High High 
R Medum High 

Upper 
Manhattan

1 Medium Low 
2 Medium Medium 
3  Medium Low 
4  High High 
5 High Medium 
6  High Low 
A  Medium Low 
B Medium Medium 
C  Medium Low 
D Medium Medium 
Q Medium Medium 

Source: RPA Demand Model, US 
Census Journey to Work

< 0% Low 

> 0% to 10% Medum 

> 10% High 
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Fixing and modernizing the subway system will be an 
enormous undertaking that will require accelerating major 
repairs, completely overhauling the system’s aging signal 
system, redesigning and expanding dozens of subway sta-
tions, addressing bottlenecks and inefficiencies that were 
built into the system’s original design and implementing 
new technologies and fare systems. The results would be 
transformational, speeding and easing travel in all parts 
of the city. This ambitious agenda requires a laser focus on 
the needs of riders — constantly striving to improve their 
subway experience. To accomplish this in years rather 
than decades, the MTA will need to be entrepreneurial and 
adopt innovative ways of accelerating this process, reform-
ing outmoded practices of management and labor, cutting 
through the “red-tape” and making the best use of new 
and emerging technologies. The agency will also need the 
support of city, state and federal political leaders to secure 
the funding needed to implement this program, and the 
understanding of its customers in dealing with necessary 
service disruptions as work proceeds. The three sections 
of recommendations that follow would accomplish this 
through capital improvements, service improvements and 
the implementation of reforms to accomplish the transfor-
mation within 15 years:

 ⊲ Ten Investment Priorities to Fix and Modernize the 
Existing System

 ⊲ Improving the Customer Experience

 ⊲ Getting It Done Faster at Lower Cost

These recommendations support and overlap with those 
in New York City Transit’s (NYCT) May 2018 corporate 
plan, Fast Forward: The Plan to Modernize New York City 
Transit. In many cases, such as the schedule and prioritiza-
tion of lines to be upgraded with communications-based 
train control (CBTC), they are in nearly complete align-
ment. In others, such the recommendations to untangle and 
simplify services, this report provides a detailed roadmap 
for directions that are alluded to in the NYCT plan. Some 
recommendations, such as introducing more humane 
loading guidelines and addressing physical system bottle-
necks, go further than the recommendations in the NYCT 
plan. In turn, the NYCT plan goes beyond what is in this 
report, such as its specific plans to engage and empower its 
employees.

Ten Investment Priorities 
to Fix and Modernize 
the Existing System
The New York City subway system needs a comprehensive 
plan to bring it up to a state of full repair and modernize it 
for the 21st Century. The subway relies on an antiquated and 
unreliable signaling system. Stations are sized for a differ-
ent era; unable to handle today’s crowding levels and not 
accessible to many riders. There are physical bottlenecks 
throughout the system, reminders of its early roots when 
engineers were learning how to build subways. Most of 
these mistakes have not been corrected — slowing service 
and reducing system capacity. Its service plan hinges on 
the precept that transfers are to be avoided at all cost and 
that most trips should be made without them, no matter 
how infrequent the service. Subway cars aren’t standard-
ized and are still designed as series of individual box cars 
instead of unified modern trainsets, wasting space and 
contributing to excessive station dwell times. Yard space 
for storing trains is too constrained for the larger fleets that 
will be needed, but because many yards are in areas that 
are potential development sites, their capacity for increased 
storage may be compromised. All of these issues must be 
addressed if the subway is to be reliable, frequent and serve 
more riders.

The following ten investment priorities would address 
these shortcomings and dramatically improve service reli-
ability, reduce crowding and increase system-wide capacity 
to support ridership growth:

1. Aggressively address the “high-risk” critical infrastruc-
ture backlog

2. Reinstitute preventive maintenance measures

3. Accelerate upgrades to moving block train control 
(CBTC)

4. “Right-Size” and improve accessibility of congested sta-
tions

5. Untangle and simplify services

6. Standardize and assign fleet to services

Part II. Transforming the Subway
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7. “Add service to meet more humane train loading guide-
lines

8. Expand deficient terminals

9. Correct extreme track geometry issues and poorly 
designed junctions

10. Ensure sufficient yard and power capacity

Aggressively address “high-risk” 
critical infrastructure backlog
The MTA has invested over $100 billion dollars in address-
ing the SOGR backlog that plagues the subway. Yet, many 
critical elements of the system are still in a state of disre-
pair. As shown in Figure 6, backlogs range from 11% for 
pumps and wells to 54% for subway shops. Some of these 
elements—structures, signals, power, ventilation and com-
munications—put the system at greatest risk of failure.

These deteriorated parts of the system are at the root of 
many service disruptions and inefficiencies. System repairs 
are a major part of the MTA’s capital plans, but at current 
rates of repair it would take decades to return the system to 
a SOGR. Any plan to fix and modernize the system needs to 
accelerate these repairs, with an emphasis on the compo-
nents that most affect service.

Figure 6: Subway Critical Elements Backlog

Cars

Mainline Track/Switch

Buses

Pumps & Deep Wells

Elevators/Escalators

Bus Shops/Depots

Structures*
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High-Priority Ventilation

Subway Shops
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*Structures not present in new TYN b/c of new component based strategy so 
the percentage from 2010 has been substituted. Source: Metropolitan 
Transportation Authority. MTA Twenty-Year Capital Needs Assessment 
2015-2034. 2013. Source: MTA

The agency is undergoing a transition to a more targeted 
component-based approach, which was piloted in some of 
its stations with mixed-results. While the MTA was able 
to more quickly address specific components that were 
failing, the lack of comprehensive rehabilitation meant that 
customers still interpreted the station as being in a state 

of disrepair. Also, elected officials did not see the work as 
an improvement they could deliver to their constituents. 
In response to Governor Cuomo’s request, the MTA has 
changed course and is focusing once again on complete sta-
tion rehabilitations that will use the design-build method 
and be completed as part of the current and next capital 
plans.

However, the remaining elements might be a better fit for 
this more targeted component-based approach since they 
are largely invisible infrastructure, unseen by the public. 
Whatever approach is used should focus on the infrastruc-
ture that would place the system at greatest risk if it were 
to fail.

Implement plan to reinstitute preventive 
maintenance measures
Preventive maintenance is essential for critical infrastruc-
ture that has little redundancy and to extend the life of 
assets. In 1999, a group of MTA transit professionals in the 
car maintenance department devised an approach to solv-
ing the issue of frequent train breakdowns that had been 
plaguing the system. The metric “Mean Distance Between 
Failures” (MDBF) is a measure of reliability expressing 
the average number of miles a subway car travels before 
preventive or reparative maintenance is required. In 1999, 
that number was about 80,000 miles and at times had been 
as low as 40,000 miles. The goal set by the MTA, reflecting 
fleet age, is 150,000 miles.

In an effort to improve MDBF, staff proposed a thor-
ough diagnosis of each car when it came into the shop 
for a repair. So, if a door were broken, rather than simply 
repairing the door and sending the car back out, the entire 
car would be examined to identify parts that while still 
functioning were near or past their useful life. Those parts 
would be replaced before the car was put back into service. 
The program was highly successful. In the next 10 years, 
MDBF nearly doubled from 80,000 at its best to 153,000 
miles. Preventive Maintenance became a management 
standard. As new cars were added to the fleet to replace the 
oldest, MDBF exceeded 200,000 miles. However, as part of 
cost cutting initiatives in 2010, the program was discontin-
ued. Since that time, MDBF has inexorably declined, and 
today stands at about 115,000 miles. To illustrate how dra-
matic the impact has been take the example of an R160 car. 
When new, the car could theoretically travel 650,000 miles 
before repairs were needed. With proper maintenance, its 
reliability was actually stretched to 1.2 million miles. Today 
MDBF for the R160s in the fleet is down to 235,168 miles.

In May, 2017, the MTA announced that it was restoring pre-
ventative maintenance for rolling stock, track and signals 
as part of its six point plan to reduce subway delays. It is 
imperative that the agency fully implement and maintain 
this strategy. The MTA has also announced an initiative 
to purchase new cars. Without a robust program to keep 
those cars running at or beyond peak performance, they 
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will deteriorate just like other assets that are not properly 
cared for. And, as they modernize the signaling system and 
rolling stock, the maintenance regime should incorporate 
the “real-time” health information that this new smart 
infrastructure will be capable of providing. Doing so will 
require a shift from mostly regularly scheduled mainte-
nance to a more targeted on-demand approach.

Accelerate upgrades to moving block train control
The reliability and capacity of our current signaling system 
will be strained as it continues to age and the city and 
region grow. Over a quarter of the signaling system is not 
in a state of good repair, with some parts being over 80 
years old1. This aging system will need to absorb many of 
the workers commuting to over 800,000 additional jobs 
that RPA forecasts  will be added in New York City between 
now and 2040. The MTA has started to upgrade the sub-
way to a modern move-block train control system called 
Communications-Based Train Control (CBTC). However, 
progress has been slow since the program commenced in 
1999 with only the L train being upgraded. CBTC is also 
currently being installed on the 7 line and is estimated to 
be operational by 2018, still leaving 33 lines with outmoded 
signals.

CBTC is transformative. It will make the subway safer, 
increase its capacity and provide greater flexibility and 
resiliency. It will improve customer information and can 
significantly reduce costs. Most importantly, CBTC will 
create a more reliable and efficient subway system. It also 
transitions the system from analog to digital state — mak-
ing it part of the modern “connected” world which opens 
opportunities for even greater transformation in how the 
subway operates and is able to respond to riders.

RPA’s 2014 report Moving Forward: Accelerating the Tran-
sition to Communications-Based Train Control for New 
York’s Subways recommended that the MTA install CBTC 
throughout the entire system within 30 years. Since the 
release of the report the MTA has doubled the number of 
lines targeted for CBTC installs in its more recent 2015-
2019 capital plan. While this is a step forward, it is still far 
less than the four to five lines that RPA recommended back 
in 2014. 

Meanwhile, subway performance has continued to decline 
over the past three-years and the CBTC upgrades on the 7 
line have been delayed by a year. Signal failures are still the 
biggest mechanical causes of system delays. RPA collected 
delay data published by the MTA daily from September 
2016 to June 2017. Signal- related delays accounted for over 
half of the delays (54%) during this period. Second was the 
MTA’s generic category “incidents” — a catch-all that also 
likely includes more signal-related issues. Other mechani-
cal systems accounted for a much lower share of overall 
delays — tracks (16%), switches (4%), rolling stock (3%) and 
power (<1%).
1 “Twenty-Year Capital Needs Assessment 2015-2034”. MTA. 2013. Print.

Steps to further accelerate conversation of the subway to 
CBTC must be taken so that customers can realize the 
benefits sooner and experience a more reliable commute. 
First, the agency should simplify CBTC track-side installs 
and remove extraneous hardware. To accomplish this RPA 
recommends the following steps:

 ⊲ Eliminate auxiliary way-side signaling system (AWS): 
This is a simplified version of the original fixed-block 
signaling system that was created as a backup. Several 
fixed-blocks or track circuits are combined to sim-
plify the legacy signaling system, making the AWS far 
less precise and substantially reducing its capacity. In 
the unlikely advent of a failure of CBTC this system 
would not be a sufficient back-up for revenue service. 
The MTA now has almost a decade of experience with 
CBTC on the L train that has proven to be reliable to 
provide them with the confidence to remove the AWS 
requirement.

 ⊲ Eliminate the legacy analog interlocking signals: 
Completely place the interlockings under the control of 
the CBTC zone controller. This would remove the last 
vestiges of the legacy signaling system that makes the 
current system more of a hybrid than a full upgrade to 
CBTC. The agency could use axle counters (sensors that 
would be placed on either end of segment of track that 
would detect trains as they enter and exit, to ensure 
this section of track is free of conflicting traffic) as a 
backup for CBTC to track train movements through the 
interlockings. They do not require insulated rail joints 
like tracks circuits, work under water and are consid-
ered less expensive to install and maintain.

If these two steps were taken CBTC could be installed 
along the line while the fixed-block signaling system 
continued to operate, greatly reducing the need for track 
access. The new train control system could then be tested 
in the background while existing system was still used to 
authorize train movements. Once CBTC testing was com-
plete the old fixed-block system could just be deactivated 
and left in place, potentially serving as a backup in case 
issues arise after the installation, and eventually removed 
over-time. Additional actions that would speed up installa-
tion include:

 ⊲ Reduce Customizations: in all systems there is a need 
for some level of customization but there is potential to 
take greater advantage of “turn-key” solutions, which 
are the base platforms developed by technology compa-
nies to take the fullest advantage of technology.

 ⊲ Guarantee Track Access and Extended Work Windows: 
creating more opportunities for track installation and 
testing of the equipment. Today, the subway operates 
24/7 creating few opportunities for extended track 
access as workers must constantly stop their work and 
move out of the way of train traffic.
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 ⊲ Accelerate Car Equipage and Procurements: retiring 
some of the MTA’s older rolling stock early, such as the 
222 R32 and 752 R46 cars procured in the 1960’s and 
1970’s. The agency should also explore early retirement 
of the 1139 R62/A’s procured in the 1980’s and procure-
ment of new CBTC-equipped rolling stock as part of 
accelerating the installation of CBTC on the two major 
IRT trunk lines in Manhattan.

 ⊲ Assign Fleets to Lines: temporarily make fixed car 
assignments (covered in greater depth later)

If these actions are taken RPA estimates that full CBTC 
installation could take half or less of the 30 years that was 
initially projected. However, to achieve this needed pace, 
funding would also need to be accelerated to ramp up 
production lines to manufacture and equip subway rolling-
stock and more workers would be required to install and 
test the way-side equipment.

Table 6 scores and ranks each of the system’s 33 remaining 
fixed-block signaled lines (excluding Canarsie and Flush-
ing), and ranks them based on age of signals, lack of peak-
hour capacity, and potential for ridership growth along the 
corridor. A higher score means more urgent need for CBTC 
installation. This effort is similar to RPA’s earlier analysis 
except of the growth analysis now uses output from the 
4RP demand model. The peak-load points dataset has also 
been refreshed to the most recent available counts from 
2011 to 2015.

With CBTC the MTA will be in a position to increase 
system capacity substantially. Theoretically CBTC can 
support frequencies of up to (and possibly beyond) 40tph, 
but application of the technology in legacy systems has 
demonstrated that the throughput is less. For example, 
London recently increased capacity on the Victoria line to 
36tph. This might be possible on some of the subway’s more 
isolated tangential routes (L, #7, #6 or #1) that have fewer 
physical bottlenecks. However, it’s more likely that most 
lines will see an increase up to 32tph, similar to London’s 
estimate for its sub-surface lines which more closely resem-
ble the configuration of the NYC subway.

“Right-Size” and improve accessibility 
of congested stations
Station dwell time is a major restricting factor on a heavy 
rail line’s capacity. When trains are scheduled to run with 
short headways, as is typical with metros, every extra sec-
ond a train spends taking on or alighting passengers delays 
the trains behind it. Dwell times in the New York subway 
are lengthened by station designs that are inadequate con-
sidering the passenger loads they serve.

Much of the original subway system — the earlier 1904 
IRT line and later Dual Contracts in the 1910’s — was built 
during an era of competing private companies. Its stations 
are fragmented and cramped. While most station platforms 

were extended in the 1950’s to accommodate ten car trains 
and attempts were made later to link lines together when 
the entire subway system fell under public operation, riders 
still suffer from the physical bottlenecks that remain — 
inadequate vertical circulation, narrow platforms, lim-
ited entrances/exits and circuitous connections to other 
services. The Independent Subway System or IND that was 
completed in the 1930’s was designed to address many of 
the problems of the earlier subway lines, with wider stairs, 
larger platforms and mezzanines and more entrances. 
However, these stations were constructed before accessibil-
ity requirements became mandatory and most do not have 
escalators or elevators.

RPA collected data for all 472 subway stations — includ-
ing whether they are ADA compliant, have free transfers, 
the number of entrances/exits, ridership (annual, weekday 
and weekend) and how much their ridership has changed 
over the past 20 years. This analysis does not include the 21 
SIRT stations because they are a separate system and have 
no impact of the overall subway performance and capacity. 
The full station matrix can be found in the Appendix.

Table 7 shows the top thirty stations ranked by a ratio of 
their weekday ridership to the number of surface entrances 
to the station. This ratio serves as a rough proxy for conges-
tion and an indicator of which stations could use additional 
investments in surface access. RPA recommends that the 
MTA complete a more in-depth survey of station circu-
lation system-wide. The two worst local stations are in 
Brooklyn. The spike in ridership at 8th Ave (N) on the Sea 
Beach line is attributed to construction activities, eliminat-
ing it from consideration2 . This is not the case for Newkirk 
Ave (B,Q) and York Street (F) both of which have limited 
egress options. The 72nd Street station on the west side of 
Manhattan has a long history of circulation problems. The 
MTA constructed a new surface entrance in the median of 
Broadway in 2002, lengthening the platforms and adding 
new stairs. However, plans to widen the platforms (and 
the stairs) were dropped, leaving the station with chronic 
crowding and unresolved circulation problems. Many 
major hubs make this list, including Grand Central, Herald 
Square, Times Square, Union Square and Broadway Junc-
tion.

Table 8, allows a closer examination of the subway’s major 
hubs which account for 28%, or over a quarter of the sys-
tem’s weekday ridership (13% of weekend ridership). The 
hubs were determined by the number of services that call 
at the stations — from eleven to four. The list of 29 stations 
was then ranked by the egress ratio from highest to low-
est. The ridership figures for these hubs only indicate the 
number of riders entering and exiting the stations daily (or 
annually), it does not include those transferring between 
services.

2 “New York City Transit Sea Beach Line Station Renewals — N Train”. NYCT. 
Web. 12 Mar. 2018. <http://www1.nyc.gov/assets/brooklyncb10/downloads/
pdf/Sea%20Beach%20Project%20-%20Comm%20Board%20Presentation.pdf>.
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System InfoControl Data

The subway’s current signal system is vast, consisting of 
14,850 signal blocks, 3,538 mainline switches, 183 mainline 
interlockings (major junctions, large switching complexes), 
10,104 automatic train stops1, and 339,191 signal relays2. 
Over the past 40 to 50 years the MTA has replaced many of 
the oldest parts of the signaling system with newer equip-
ment, but the basic principles of how the system operates 
remain the same3.

Most of the subway uses conventional fixed-block regime, 
meaning its tracks are divided up into segments or blocks 
that average 1,000 feet in length. An insulator is placed 
between the rails on both ends of the track segment to cre-
ate a block. An electrical current is then run through the 
block to a relay creating an electrical circuit. As long as the 
circuit is closed, meaning that the current is able to travel 
unimpeded from one end of the circuit through the relay to 
the other, the block is deemed open and not occupied by a 
train. As soon as a train enters a block its steel wheels break 
or “short” the circuit causing the relay to discharge and the 
block to register as being occupied4. The state of the blocks 
ahead dictates if or how fast a train may proceed along its 
route. An open circuit can also indicate a broken rail or a 
signal malfunction.

While fixed-block signals are a proven technology, they 
impose numerous operational constraints on the MTA 
and are expensive for the agency to maintain. To increase 

1 These are articulated metal arms between the tracks that trigger a subway 
car’s brake when they are in an upward position to prevent the train from 
entering a protected section of track.
2 “2010-2014 Capital Plan.” MTA. 2010.
3 The only exception is the L subway line (Canarsie line) which has been 
upgraded to a modern CBTC system.
4 Relays are mechanical electromagnetic switches that rely on Newton’s law 
of universal gravitation to operate. They contain an iron moveable armature 
and magnetic contact inside that, when charged, attracts the armature to the 
closed position. When it’s discharged the armature opens usually with the 
assistance of a spring or weight. There are also solid-state relays that have no 
moving parts, but are more sensitive to electromagnetic natural events.

the capacity of the subway system, improve its reliability, 
resiliency, flexibility and lower costs, the MTA is starting to 
invest in converting the subway system to Communications-
Based Train Control (CBTC).

A modern, moving-block, train control system is part of 
an essential set of long-term investments that is critical 
to transforming the subway. It unchains trains from their 
fixed blocks and instead surrounds them in a protective 
buffer that moves with the train, shrinking and expanding 
based on the train’s speed and the surrounding environ-
ment.

Communications-Based Train Control (CBTC) is a modern 
and widely adapted form of moving- block signaling system 
that consists of computerized signal that enables the sys-
tem to precisely track the trains and maintain a safe separa-
tion distance based on the performance of the vehicle and 
its operating speed. CBTC equipment consists of several 
major components: on the trackside there are transpon-
ders, radios5 and zone controllers and onboard the trains 
there are radios, vehicle controllers and speed sensors. All 
these subsystems have redundant components. The most 
dramatic change between moving block and fixed block 
systems is the inclusion of the vehicle as part of the signal-
ing system. Under CBTC train cars are equally as critical as 
trackside equipment. More information about CBTC and its 
benefits can be found in RPA’s 2014 report Moving Forward: 
Accelerating the Transition to Communications-Based Train 
Control for New York’s Subways.

5 The “radio” is just one method to achieve the continuous two-way com-
munication between vehicle and trackside that is fundamental to the nature of 
CBTC. There are, and have been, other methods implemented to achieve this 
continuous communication in other CBTC applications, such as inductive loop 
communication. The move to radio implementation was driven by the higher 
maintenance costs associated with continuous wire-based implementations.

A Primer on the Subway’s Existing 
Signaling System and the Transition to 
Communications-Based Train Control
Figure 7: Moving Blocks, How CBTC Works
Source: Regional Plan Association
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Table 6: Communications Based Train Control Installation Priority 
Line 
Evaluation

Assign- 
ments 

Line Borough
Track 
Miles Service A

ge
 

Ca
pa

ci
ty

 

G
ro

w
th

Sc
or

e

5-
yr

10
-y

r

15
-y

r

Lexington Avenue Line MN 36.73 4  5  6 9 6 3 18 ●

63rd Street Line MN 20.57 F 6 6 3 15 ●

6th Avenue Line MN/BK 22.75 B  D  F  M 9 4 2 15 ●

Astoria Line MN/QN 13.40 N  Q 6 6 3 15 ●

Broadway Line MN/BK 30.32 N  Q  R 9 4 2 15 ●

Crosstown Line QN/BK 13.23 G 9 4 2 15 ●

Queens Blvd Line QN 52.65 E  F  M  R 6 6 3 15 ●

42nd Street Shuttle MN 1.31 S 9 4 1 14 ●

8th Avenue Line MN/BK 53.48 A  C  B  D 6 6 2 14 ●

Broadway-7th Avenue Line MN 49.85 1  2  3 6 6 2 14 ●

Fulton Street Line BK 29.78 A  C 9 4 1 14 ●

Liberty Avenue Line QN 6.61 A  C 9 4 1 14 ●

Archer Avenue Line QN 4.77 E  J  Z 6 6 1 13 ●

Nassau Street Loop Line MN 5.47 J  Z 6 6 1 13 ●

4th Avenue Line BK 19.80 D  R  N  6 4 2 12 ●

Lenox Avenue Line MN 5.98 2  3 6 4 2 12 ●

Myrtle Avenue Line QN 5.51 M 3 6 3 12 ●

Rockaway Line QN 22.57 A  S 9 2 1 12 ●

Eastern Parkway Line BK 16.92 2  3  4  5 6 4 1 11 ●

Jerome Avenue Line BX 18.71 4 6 2 2 10 ●

Pelham Line BX 23.13 6 3 4 3 10 ●

Brighton Line BK 27.54 B  Q 3 4 2 9 ●

Clark Street Line MN/BK 4.47 2  3 6 2 1 9 ●

Nostrand Avenue Line BK 5.21 2  5 6 2 1 9 ●

Sea Beach Line BK 15.88 N 6 2 1 9 ●

Culver Line BK 41.95 F  G 3 4 1 8 ●

Jamaica Line QN/BK 21.87 J  Z  M 3 4 1 8 ●

Concourse Line BX 16.93 B  D 3 2 2 7 ●

Second Avenue Line MN 4.60 Q 3 2 2 7 ●

West End Line BK 17.50 D 3 2 2 7 ●

White Plains Road Line BX 26.29 2  5 3 2 2 7 ●

Dyre Avenue Line BX 10.74 5 3 2 1 6 ●

Franklin Avenue Line BK 1.35 S 3 2 1 6 ●

Method/Notes
1. Age criterion stayed the same, no change in rankings, scale and weights are the same 3x.
2. Capacity rankings updated using 2015 load points (see associated file for details), scale and weights are the same 2x.
3. Redid criterion for growth, used summarized RPA corridor based demand projections. Scale is 1-3, 1 = negative or no 
growth, 2 = growth up to 10% and 3 = growth over 10%. 
4. Added second avenue subway line

Summary Table
Plan Year Range Track Miles Annual Average
5 2018-2022 330.69 66.14

10 2023-2027 154.86 30.97

15 2028-2032 162.32 32.46

5-year

CBTC Prioritization
Completed / Underway

15-year
10-year
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Grand Central sits at the top as a hub with some of the most 
challenging egress issues. The MTA and city are currently 
undertaking a project with the private sector to address 
these limitations. This ranking suggests that all planned 
improvements for Grand Central should be completed, 
beyond the current phase that will construct additional 
staircases to the surface and platforms, while also taking 
out columns at the platform level of the 4,5,6 services. This 
phase will also improve the fare control area for 4, 5, 6 and 
S services. Future phases would address connecting the 
subway complex more directly to the commuter railroads 
and improve circulation for the 7 service. RPA suggests that 
the MTA consider one or two side platforms for the 6 local 
service to help alleviate crowding on the island platforms in 
the peak; this would be less expensive and disruptive than 
widening the islands.

Ridership at Broadway Junction over the past twenty years 
has increased by over 50%, but the station still has only one 
entrance to the surrounding neighborhood. While one of 
the lowest ridership hubs, redevelopment in the surround-
ing neighborhood is likely to result in greater use of this 
hub, which is also not ADA accessible. Improvements could 
include additional access points to the complex elevated 
structure and the Fulton Street subway station,and surface 
improvements to better connect the complexes to the 
nearby Atlantic Ave LIRR station.

The remaining top five hubs are all in Manhattan and 
include 34th Street Herald Square, 14th Street Union Square 
and Times Square 42nd Street. The complex at 34th Street 
Herald Square is in need of a massive renovation to improve 
its overall environment and state of disrepair. Renovations 
made decades ago have not stood the test of time. The com-
plex is a jumble of circuitously routed and cramped cor-
ridors serving fragmented spaces — all which impede pas-
senger circulation. 14th Street suffers from a similar series 
of issues. The most inefficient parts of the station are the 4, 
5, 6 platforms and mezzanine. With narrow staircases and 
platforms, which are also curved, this station contributes 
to excess dwell time on the city’s busiest subway line. The 
mezzanine is a forest of columns slowing passengers. The 
lack of defined circulation pathways (designated entrances 
or exits) results in conflicting movements as riders attempt 
to pass through undersized fare control areas. The MTA 
should take a comprehensive approach to redesigning 
Union and Herald Squares, thinking through the position-
ing of corridors, new egress and improved vertical circula-
tion and platform configurations. Both complexes sit close 
to the surface with open spaces above (a park and a pedes-
trian plaza) that could be temporarily closed to facilitate a 
substantial reconstruction of these stations. New or more 
accessible entrances could also be extended into these open 
spaces. Parkland above also  creates opportunities to bring 
more natural light and air into the stations.

While the Times Square station was rebuilt and expanded 
in 2002, there is one part of the complex that is still in need 
of renovation and could be a test case for daylighting a sta-
tion — the Shuttle platform. This specific intervention will 
be discussed further in the section on Healthier Stations.

The MTA currently reports that 117 stations out of 472 fully 
or partially meet the requirements of the Americans with 
Disabilities Act (ADA). An ADA-compliant station must be 
fully navigable from the street to the platform for those in 
wheelchairs. The agency was granted an exemption if it 
were to make 100 of its key stations accessible, a task that 
is still underway (86 key stations have been completed, the 
remaining are in progress). Table 9 highlights the top thirty 
non-accessible stations/complexes in the system based 
on their weekday ridership. These stations are located in 
Manhattan, Downtown Brooklyn and Williamsburg. The 
Bedford Avenue station in Williamsburg is slated to get 
a new ADA entrance at Driggs Avenue by 2019. However, 
many of the other stations are located in major commer-
cial and tourist areas and would benefit from accessibility 
improvements. These improvements would serve a popu-
lation much larger than New York’s disabled citizens. It 
would also make stations more accessible for the elderly, 
families with younger children and strollers and business 
travelers and tourists with luggage. Improving the mobility 
of these users will help everyone else as well. It will remove 
the elderly or disabled straphangers that struggle to make it 
up the stairs or those dragging their suitcases — all which 
act to impede the flow of patrons.

All 472 subway stations should eventually be made 
ADA accessible and be evaluated for additional capacity 
improvements including:

New and/or larger accessible entrances (including escala-
tors and elevators). These egress points should ideally be 
located within buildings or pedestrian plazas. Stations 
should be accessible for all users including the elderly, dis-
abled, tourist/business travelers with luggage and parents 
with strollers.

Larger and less circuitous corridors and mezzanines. 
Interventions should include removing or pruning columns 
whenever possible. Major hubs such as Union Square and 
Herald Square should be completely rebuilt to create large 
column free fare control areas and wider walkways. Mak-
ing the subway less confusing and more open, with clear 
sightlines, will reduce crowding (and anxiety) and make 
the system easier to navigate.

Less cluttered and wider accessible platforms with 
improved vertical circulation elements. Station platforms 
should be decluttered of non-essential uses (in some cases 
this would include retail kiosks that could be relocated to 
the station mezzanine) to increase capacity and in some 
cases widened. Vertical circulation should be improved by 
adding new stairways and mechanized access. This station 
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element is essential to moving riders on and off platforms 
quickly and can significantly impact dwell. It is also 
essential that major hubs complete the “chain of access” to 
ensure those that need assistance are able to easily move 
from the platform to the surface.

Along with these physical station improvements, MTA 
should evaluate separating arrival and departure flows. 
This approach would help ease the movement of passengers 
throughout the station, resulting in improved throughput. 
Many metros separate their flows from the platform levels 
and some do so even along major corridors that connect 
services.

Finally, platform crowding can also force people closer to 
the edge of the platform than is safe. Installing platform 
screen doors would help to protect riders from this danger, 
add platform capacity and would also prevent riders from 
holding the train doors, a major contributing factor to long 
dwell times. This solution will be covered in greater detail 
later in the Healthier Stations section.

Any or all of these improvements would help decrease 
dwell times allowing trains to run with shorter headways, 
thus increasing the system’s achievable throughput. Sys-
tems around the world have used this strategy to expand 
their metros to carry greater numbers of riders. In London, 
Transport for London ( TfL) is spending over one billion 
dollars to add a new train hall at Victoria station, one of the 
most crowded stations on the Tube. These capital improve-
ments would range from the tens of millions to billions of 
dollars, a considerable expense but a necessary one.

Untangle and simplify services
The flexibility of New York’s integrated subway network 
is a double-edged sword. While it provides the MTA with 
numerous routing options for its services, these changes 
continually confound riders and tend to propagate delays 
throughout the system as the agency frequently reroutes 
trains around service disruptions. Most metro systems run 
as a collection of completely independent lines that require 
users to more frequently make transfers. However, if the 
system is designed properly these transfers can be easy and 
have little inconvenience or time penalty. Independent lines 
also contain incidents to just part of the system, sparing the 
majority of riders from disruption. There are several steps 
the MTA could take to simplify service which could elimi-
nate some of the bottlenecks that were discussed earlier 
(Survey of Subway Capacity and Pressure Points).

The aim of these service changes would be to maximize the 
utilization of the existing tracks by simplifying the running 
of the subway through the targeted elimination of merging 
lines. In some cases this will also mean the elimination of 
one-seat rides and the requirement for some users to make 
an additional transfer(s) to reach their final destination, it 
could also mean additional stops. These transfers would be 
cross-platform and/or coordinated whenever possible.

The following series of alternative service plans are meant 
to be illustrative of possible changes that could increase 
capacity with minimal investment. Figure 10 illustrates 
how the four scenarios would alter the subway map.

Double Frequency of Express “A” 
Train and Service to Inwood
Reconfiguring A, C and D service changes could double 
A service from 155th Street to 207th/Inwood and from 59th 
Street through Lower Manhattan — adding substantial 
capacity to major transit hubs like the Port Authority Bus 
Terminal and Penn Station, further supporting the growth 
of the Far West Side. The C would terminate at Hoyt and/or 
Court in Brooklyn, allowing doubling of A service head-
ways through the Cranberry tubes. This would make the 
E the only local service in Manhattan, as described more 
fully below. The A would take over 8th Avenue line express 
tracks from 59th Street along Central Park West to Upper 
Manhattan and the D would mix with B on the local tracks 
to 135th Street. This would require eliminating local direct 
8th Avenue service at 50th Street. As an alternative 50th 
Street users could take the E train one stop to 7th Ave to 
transfer to an uptown local D train) and add seven stops for 
those using the D train.

Double the Frequency of Express “Q” to UES/SAS
Known as the “Canal Flip”, a capital project switching the 
alignment of the express and local track feeds at Canal 
Street would enable the Q to run to Lower Manhattan via 
the Montague tunnel to Brooklyn and would be the only 
express service in Manhattan on the Broadway line, elimi-
nating merging services. This would double the capacity of 
the Second Avenue Subway (SAS) along with improving the 
reliability of service by straight-lining the services through 
Manhattan and eliminating the frequent delays caused by 
changing tracks. The N and R would serve Astoria and the 
W would be eliminated. Both would run on local tracks and 
over Manhattan Bridge to the 4th Avenue line express and 
the Q to 4th Ave local to Bay Ridge. The N would stay on its 
current route to Coney Island. R would head down current 
Q service route to Coney Island.

Bring Express Service to the “F” in Brooklyn
The M service would be rerouted back to Lower Manhattan 
(Broad Street) creating space on 6th Avenue line to double 
F service. With the rerouting of the R to Astoria (as noted 
earlier) the F would run on the local tracks exclusively on 
Queens Boulevard line (QBL) extending out to 179th Street 
and the E would take express tracks exclusively. The local E 
service in Manhattan would then be doubled, restoring the 
same level of service as when the E and C were sharing the 
same track. This service change would reduce travel times 
for south Brooklyn residents, with express trains skipping 
five stations north of Church Ave.
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Figure 8: Top 30 Most Congested Stations, 
Ranked by Ratio of Weekday Ridership / 
Number of Surface Entrances
Source: RPA Analysis
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Table 7: Top 30 Most Congested Stations, Ranked by Ratio of Weekday Ridership / Number of Surface Entrances
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Annual Weekday Weekend
Change 

+/- 1998
8 Av (N) Sea Beach 1 Yes No 1  4,586,559  14,201  17,252 248%  14,201 

Newkirk Av (B,Q) Brighton 2 Yes No 1  3,315,748  10,842  10,122 41%  10,842 

York St (F) 6 Avenue 1 Yes No 1  3,286,640  10,246  12,521 302%  10,246 

72 St (1,2,3) Broadway-7th Ave 3 Yes Yes 4  13,257,766  40,450  54,054 36%  10,113 

Grand Central-42 
St (S,4,5,6,7)

Comb 5 Yes Yes 16  46,121,509  158,580  104,291 29%  9,911 

Broadway Junction 
(A,C,J,L,Z)

Comb 4 Yes No 1  3,085,401  9,189  13,638 50%  9,189 

34 St-Herald Sq 
(B,D,F,M,N,Q,R) 

Comb 7 Yes Yes 14  39,000,352  125,682  126,221 40%  8,977 

14 St-Union Sq 
(L,N,Q,R,4,5,6)

Comb 7 Yes Partial 12  34,289,822  106,718  130,777 67%  8,893 

Times Sq-42 St 
(N,Q,R,S,1,2,3,7)/42 
St (A,C,E)

Comb 11 Yes Partial 23  64,531,511  202,363  234,830 55%  8,798 

Church Av (B,Q) Brighton 2 Yes No 2  5,438,775  17,482  18,017 29%  8,741 

Atlantic Av (B,Q,2,3,4,5)/
Pacific St (D,N,R)

Comb 7 Yes Yes 5  13,818,168  42,711  53,638 164%  8,542 

Astor Place (6) Lexington 1 No No 2  5,271,496  16,806  18,199 11%  8,403 

34 St-Penn Station (1,2,3) Broadway-7th Ave 3 Yes Yes 11  27,741,367  90,524  84,702 28%  8,229 

Grand St (B,D) 6 Avenue 2 Yes No 3  7,942,505  24,649  29,977 9%  8,216 

86 St (4,5,6) Lexington 3 No No 8  20,337,593  64,793  70,271 29%  8,099 

Franklin Av (2,3,4,5)/
Botanic Garden (S)

Comb 5 Yes Yes 2  5,010,984  15,834  17,730 49%  7,917 

23 St (F,M) Broadway-7th Ave 1 No No 4  8,989,195  31,078  19,973 78%  7,770 

Avenue U (Q) Brighton 1 Yes No 1  2,332,985  7,384  8,188 22%  7,384 

Sheepshead Bay (B,Q) Brighton 2 Yes No 2  4,322,837  14,477  11,562 33%  7,239 

West 4 St-Washington 
Sq (A,B,C,D,E,F,M)

Comb 7 Yes Yes 6  13,955,067  42,755  56,440 28%  7,126 

Coney Island-Stillwell 
Av (D,F,N,Q)

Comb 4 Yes Yes 2  5,025,598  14,098  25,961 56%  7,049 

Grant Av (A) Liberty 1 Yes No 1  2,170,567  7,044  6,795 33%  7,044 

68 St-Hunter College (6) Lexington 1 Yes No 5  10,124,694  35,068  22,104 13%  7,014 

103 St (6) Lexington 1 Yes No 2  4,336,922  13,994  13,963 22%  6,997 

Bedford Av (L) Canarsie 1 Yes No 4  9,688,560  27,486  49,479 207%  6,872 

96 St (6) Lexington 1 Yes No 4  8,004,488  26,939  21,033 35%  6,735 

Kings Hwy (B,Q) Brighton 2 Yes No 3  6,014,920  20,094  16,302 41%  6,698 

Westchester Sq-East 
Tremont Av (6) 

Pelham 1 Yes No 1  1,952,473  6,635  4,784 78%  6,635 

Roosevelt Island (F) 63rd Street 1 Yes Yes 1  2,110,471  6,630  7,677 75%  6,630 

50 St (1) West End 1 Yes No 4  8,157,242  26,362  26,277 16%  6,591 
Note: The Parkchester station on the Pelham line (#6) actually had the highest egress ratio but was not part of the top 30 because its single entrance is large and 
centrally located in a traffic circle, with exits radiating out in all directions. However, this busy station in the Bronx is still not ADA accessible even though it was 
rehabilitated less than a decade ago.
Source: MTA, RPA Analysis
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Table 8: Top Major Hubs by Egress Ranking
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Ridership (2016)

Annual Weekday Weekend
Change 

+/- 1998
Grand Central-42 St (S,4,5,6,7) 5 Yes 16  46,121,509  158,580  104,291 29%  9,911  6 

Broadway Junction (A,C,J,L,Z) 4 No 1  3,085,401  9,189  13,638 50%  9,189  7 

34 St-Herald Sq (B,D,F,M,N,Q,R) 7 Yes 14  39,000,352  125,682  126,221 40%  8,977  8 

14 St-Union Sq (L,N,Q,R,4,5,6) 7 Partial 12  34,289,822  106,718  130,777 67%  8,893  9 

Times Sq-42 St (N,Q,R,S,1,2,3,7)/42 St (A,C,E) 11 Partial 23  64,531,511  202,363  234,830 55%  8,798  10 

Atlantic Av (B,Q,2,3,4,5)/Pacific St (D,N,R) 7 Yes 5  13,818,168  42,711  53,638 164%  8,542  12 

Franklin Av (2,3,4,5)/Botanic Garden (S) 5 Yes 2  5,010,984  15,834  17,730 49%  7,917  17 

West 4 St-Washington Sq (A,B,C,D,E,F,M) 7 Yes 6  13,955,067  42,755  56,440 28%  7,126  21 

Coney Island-Stillwell Av (D,F,N,Q) 4 Yes 2  5,025,598  14,098  25,961 56%  7,049  22 

74-Bway (7)/Jackson Hts-Roosevelt Av (E,F,M,R) 5 Yes 8  17,301,839  52,296  72,305 47%  6,537  33 

Lexington Av (N,Q,R)/59 St (4,5,6) 6 No 11  21,000,635  67,684  68,953 35%  6,153  39 

Forest Hills-71 Av (E,F,M,R) 4 Yes 5  8,581,096  28,135  25,846 25%  5,627  49 

Fulton St (A,C,J,Z,2,3,4,5) 8 Yes 17  25,162,937  85,440  61,805 54%  5,026  57 

125 St (A,B,C,D) 4 Yes 6  9,603,878  29,423  38,587 90%  4,904  61 

42 St-Bryant Pk (B,D,F,M)/5 Av (7) 5 No 12  16,934,142  57,793  40,137 34%  4,816  64 

14 St (A,C,E)/8 Av (L) 4 No 10  14,572,075  44,680  58,605 120%  4,468  72 

59 St-Columbus Circle (A,B,C,D,1) 5 Yes 17  23,203,443  73,836  80,270 56%  4,343  79 

Delancey St (F)/Essex St (J,M,Z) 4 No 6  8,458,101  25,625  35,416 122%  4,271  84 

145 St (A,B,C,D) 4 No 6  7,949,593  24,604  30,729 69%  4,101  91 

47-50 Sts-Rockefeller Center (B,D,F,M) 4 Yes 17  18,086,203  62,283  39,633 8%  3,664  115 

Broadway-Lafayette St (B,D,F,M)/Bleecker St (6) 5 Yes 12  12,405,639  39,058  45,189 86%  3,255  140 

Court St (R)/Borough Hall (2,3,4,5) 5 Partial 12  11,080,334  38,089  25,365 24%  3,174  144 

Brooklyn Bridge-City Hall (4,5,6)/
Chambers St (J,Z)

5 Partial 11  10,059,080  34,352  24,004 1%  3,123  149 

Chambers St (A,C)/WTC (E)/Park Place (2,3) 6 Partial 18  16,079,624  55,038  37,811 0%  3,058  155 

Canal St (J,Z,N,Q,R,6) 6 Partial 15  15,274,896  45,030  69,319 73%  3,002  158 

Nevins St (2,3,4,5) 4 No 4  3,220,745  10,716  8,999 -5%  2,679  179 

14 St (F,M,1,2,3)/6 Av (L) 6 No 20  16,118,952  50,692  59,127 41%  2,535  191 

Court Sq (E,G,M,7) 4 Partial 10  6,809,217  23,317  16,026 3%  2,332  211 

Jay St-MetroTech (A,C,F,R) 4 Yes 20  13,091,255  44,267  33,452 45%  2,213  223 
Source: MTA, RPA Analysis
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Table 9: Top 30 High Ridership and Non-ADA Stations Ranked by Weekday Ridership

Station Name (Unique) # 
of
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ADA

Ridership (2016)

Annual Weekday Weekend
Change 

+/- 1998
Times Sq-42 St (N,Q,R,S,1,2,3,7)/42 St (A,C,E) 11 Partial  64,531,511  202,363  234,830 55%

14 St-Union Sq (L,N,Q,R,4,5,6) 7 Partial  34,289,822  106,718  130,777 67%

Lexington Av (N,Q,R)/59 St (4,5,6) 6 No  21,000,635  67,684  68,953 35%

86 St (4,5,6) 3 No  20,337,593  64,793  70,271 29%

42 St-Bryant Pk (B,D,F,M)/5 Av (7) 5 No  16,934,142  57,793  40,137 34%

Chambers St (A,C)/WTC (E)/Park Place (2,3) 6 Partial  16,079,624  55,038  37,811 0%

14 St (F,M,1,2,3)/6 Av (L) 6 No  16,118,952  50,692  59,127 41%

Canal St (J,Z,N,Q,R,6) 6 Partial  15,274,896  45,030  69,319 73%

Court St (R)/Borough Hall (2,3,4,5) 5 Partial  11,080,334  38,089  25,365 24%

77 St (6) 1 No  10,927,200  36,103  31,824 23%

68 St-Hunter College (6) 1 No  10,124,694  35,068  22,104 13%

Brooklyn Bridge-City Hall (4,5,6)/
Chambers St (J,Z)

5 Partial  10,059,080  34,352  24,004 1%

33 St (6) 1 No  9,577,123  32,153  25,391 35%

23 St (F,M) 1 No  8,989,195  31,078  19,973 78%

57 St-7 Av (N,Q,R) 3 No  9,616,547  30,311  34,509 40%

South Ferry (1)/Whitehall St (R) 2 Partial  9,009,136  29,534  26,858 11%

Bedford Av (L) 1 No  9,688,560  27,486  49,479 207%

Wall St (2,3) 2 No  7,689,447  27,291  13,671 30%

49 St (N,Q,R) 3 Partial  8,754,627  27,077  33,634 45%

96 St (6) 1 No  8,004,488  26,939  21,033 35%

5 Av-53 St (E,M) 2 No  7,240,517  26,566  8,340 14%

50 St (1) 1 No  8,157,242  26,362  26,277 16%

168 St (A,C,1) 3 Partial  8,217,661  25,879  29,950 61%

Delancey St (F)/Essex St (J,M,Z) 4 No  8,458,101  25,625  35,416 122%

Grand St (B,D) 2 No  7,942,505  24,649 29977 9%

145 St (A,B,C,D) 4 No  7,949,593  24,604  30,729 69%

23 St (C,E) 2 No  7,543,246  24,569  23,549 63%

28 St (6) 1 No  7,161,164  24,130  18,646 26%

Court Sq (E,G,M,7) 4 Partial  6,809,217  23,317  16,026 3%

1 Av (L) 1 No  7,660,896  23,195  32,170 115%
Source: MTA, RPA Analysis
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Unscramble Nostrand Junction to 
Improve Service Reliability
The Nostrand junction is a segment of the Brooklyn IRT, 
between the Franklin and Nostrand Avenue stations at 
Rogers Avenue, where the eastside #4/5 and west side #2/3 
lines cross as shown in Figure 9. Prior to reaching the junc-
tion, Brooklyn bound #4/5 trains run down the center two 
tracks of the four track right-of-way as an express service, 
with the #2/3 local service straddling the #4/5 on either 
side. After Franklin Avenue the island platform configura-
tion is abandoned and replaced with two sets of stacked 
platforms, the upper level used for Brooklyn bound service 
and the lower level for Manhattan bound trains. The #3 
local trains serve the southern tracks and two-level plat-
forms. The #4 express trains run on the northern tracks, 
until the service reaches its terminus at Utica Avenue. At 
the same time this reshuffling is occurring, the #2 and #5 
services are peeling off from the mainline, heading south 
down the Nostrand Avenue spur and terminating at Flat-
bush Avenue. For these services to stack and move to other 
lines they must cross under or over each other or navigate 
through a complex network of switches, creating multiple 
conflicts and degrading service.

To remove this bottleneck trains would be rerouted to use 
the junction as it was designed. This would eliminate the 
choice of a one-seat ride to either east or west sides — with 
the #4/5 continuing on the Eastern Parkway line and the 
#2/3 heading south down the Nostrand Ave line. However, 
riders would still be able to connect to both services at Nev-
ins Street with a coordinated cross-platform transfer.

Standardize and assign fleet to services
The MTA has one of the largest subway fleets in the world 
with 6,418 cars, as shown in Table 10. They operate two 
different car types — Division A and B — that vary based 
on width and length. Division B (lettered lines) cars are 
longer and wider and cannot fit in infrastructure designed 
for Division A (numbered lines) equipment. This difference 
is the result of the subway’s private sector beginnings when 
different operators competed against each other and the 
systems were separate. Today, the subway is one integrated 
system and most of its lines are interconnected. Approxi-
mately two-thirds of the system is Division B and a third is 
Division A.

Assign Fleet
The MTA prefers to maintain flexibility and only loosely 
assigns its cars to a particular service with the exception 
of a few independent lines like the L and #7. So while a car 
might be assigned to a line it could be moved to another if 
there is a shortage of vehicles due to mechanical failures or 
if cars (trains) are rerouted due to an incident. This makes 
it possible to have fewer spare cars and lower costs, but it 
also requires that all the cars be upgraded to support CBTC 
before the lines are cut-over, therefore delaying its intro-
duction. If the MTA was to assign cars to match the CBTC 
upgrades the incremental benefits could be realized sooner 
— car equipage would be targeted to the lines that would 
be completed first. This could be a temporary change and 
once the entire system-wide upgrade is complete the MTA 
could return to its prior practice. The agency should use 
this opportunity to evaluate the costs and benefits of both 
approaches.

Figure 9: Nostrand Junction
Source: RPA, Tomorrow’s Transit



Save Our Subways: A Plan to Transform New York City’s Rapid Transit System | Regional Plan Association | June 201834

Brooklyn

Staten
Island

Queens

Bronx
M

an
ha

tt
an

Runs Local north of 59th St

Double 
Midtown 
Service

Local on 
Queensboro Line

Express Runs Local
from Church Ave 
to Coney Island

Local North of 59th St

Runs Exclusively on Local Tracks, 
Terminates at Church Ave
Runs Exclusively on Local Tracks, 
Terminates at Church Ave

Double Service to Inwood

Terminates
in Brooklyn

Runs on R Route 
to Brooklyn
Runs on R Route 
to Brooklyn

Run on Q Route 
to Brooklyn
Run on Q Route 
to Brooklyn

Terminate at AstoriaTerminate at Astoria

EliminatedEliminated

Local Midtown 53rd St 
to World Trade

Figure 10: Subway Service, Musical Chairs
Source: Regional Plan Association
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Standardize Fleet, Open Gangways
The frequency of changes to fleet specifications could be 
greatly reduced if cars are assigned to specific services. 
A standard profile would be created for each division — 
locking in door placement and car lengths. All new train 
procurements should also include open-gangways, which 
can increase train capacity by 5-10% because of additional 
“found” space between the cars and the ability to even out 
loading throughout the cars on a train. This also results in 
lower dwell times at stations. Standardization of the fleet 
would allow for the installation of platform markings for 
train doors and eventually platform screen doors. Before 
choosing a standard the MTA should evaluate international 
“best practices” and also determine the most common vehi-
cle configuration that is used globally. Adopting more of a 
common configuration would allow the MTA to lower its 
costs through economies of scale by buying more off-the-
shelf vehicles instead of the more expensive customized 
approach now used to procure rolling-stock. More flexible 
internal subway car configurations should also be explored, 
these could create more space for disabled riders with 
wheelchairs and riders with strollers, bikes and luggage. 
Many systems have entire sections of their cars designated 
to serve the needs of these riders and/or have flip-up seat-
ing to accommodate them.

Add service to meet more humane 
train loading guidelines
A Division and B Division trains have different load-
ing capacities. The NYCT subway car loading guidelines 
provide for a minimum standing space of 3 square feet per 
standing passenger. The number of passengers this trans-
lates to, in combination with the seated capacity, is known 
as the “guideline capacity.” These guidelines operate on a 
sliding scale, adjusting to a more generous standee space 
standard the lower the train frequency and at off-peak 
times of day (weekend, overnight, weekday peaks and 
midday). The more space per passenger the greater num-
ber of trains the agency would have to provide per hour 
to meet it. The MTA’s standard falls in the middle of the 
range of other transit providers in the United States, which 
is between 2.15 to 3.76 square feet per standee. There are 
some systems that have more generous guidance, such as 
Sydney’s 5.7 square feet per person, but many are similar to 
the MTA’s.

This is an opportunity for New York to go beyond the norm 
and lead the rest of the world by making more space for 
all different types of users — people with luggage, families 
with strollers, and a disabled passenger using a wheelchair 
or walker. All of these passengers are discouraged from 
using the subways during weekdays because of the level of 
congestion. After increasing system accessibility by ADA 
standards, this change would make the greatest improve-

Table 11: Current MTA Loading Guidelines with RPA’s Proposed New Standard for the Peak-Period (4sqft)

Division Car Length (feet)
Seated Capacity (Passengers)

Guideline Seated + Standee 
Capacity (Passengers)

RPA Proposed Seated + Standee 
Capacity (Passengers)

Per Car Per Train Per Car Per Train Per Car Per Train
A 51 38-44 376-440 110 1,110 93 930

B 60 50 500 145 1,450 119 1,190

75 70-74 560-592 175 1,400 119 1,190
Source: NYCT Division of Operations Planning/Facilities & Equipment Planning, Subway Vehicle Passenger Capacities, December 18, 1992.

Table 10: Inventory of MTA Rolling-Stock (2017)
Car class Years built Route Cars Assigned Spares Total

A Division R62/R62A 1983-1987 1  3  6  7  S  (42 st) 962 177 1139

R142/R142A 1999-2004 2  4  5  6  1060 190 1250

R188 2011-2016 7  374 132 506

Total A Division 2,396 499 2,895
B Division R32 1964 A  C  J  Z 154 68 222

R42 1969-1970 J  Z 40 10 50

R46 1974-1975 A  F  S  (Rockaway) R 604 148 752

R68/R68A 1986-1989 B  D  G  N  W  S  (Franklin Av) 512 113 625

R143 2001-2002 L 168 44 212

R160 2005-2010 C  E  F  J  Z  L  M  N  Q  W  1468 194 1662

Total B Division 2,946 577 3,523
Grand Total 5,342 1,076 6,418
Source MTA, January 2017 Rolling Stock Inventory
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ment in offering a system that is usable by all. And for every 
rush hour passenger, there are few other changes that 
would improve the subway experience so dramatically.

Figure 11: What Does 3 and 5 Square Feet  
per Person Look Like?

Source: Regional Plan Association 

3 ft2 5 ft2

20.7in

26.8in

RPA recommends a loading guideline of 5 square feet per 
passenger, with a peak-of-the-peak guidance of 4 square 
feet. The seated and rush hour guideline capacities along 
with RPA’s standards for the A and B Divisions of the 
NYCT subway fleet are summarized in Table 11. Using the 4 
square feet standard in the peak would reduce car carrying 
capacity by almost 20%. While the introduction of CBTC 
would mitigate this capacity loss on some lines, on others 
the more generous loading guideline change would likely 
be infeasible.

Expand deficient terminals
The physical design and layout of a terminal can signifi-
cantly limit a rapid transit system’s maximum attainable 
throughput. Terminals are especially critical because of the 
time required to turn trains there. Although more than half 
(54%) of the 42 terminals in the subway were either built 
using turnbacks or have adjacent yards, a dozen subway ter-
minals (excluding three shuttle termini) have only “bumper 
blocks” or stub end tracks. This configuration restricts the 
speed of trains as they enter the facility and provides no 
space to position trains for peak service or to store a train 
if it became disabled. These inefficient termini increase the 
travel time for customers and slow the turnaround time 
for trains. Fortunately, many of the MTA’s terminals do not 
physically constrain system throughput since most only 
serve a relatively small number of trains (many subway 
lines split to one or more branches before terminating). 
However, there are four terminals; Parsons/Archer Avenue 
on the J, Z and E, 8th Avenue on the L, Flushing Main Street 
on the 7 and Astoria/Ditmars on the Q/W with configura-
tions that would inhibit throughput even after CBTC is 
installed.

Delays at terminals could also be reduced by improving 
operating practices such as slow crew turnaround time (the 
time is takes workers to clean and crew the train). While 
poor station design requires that the tracks and switches 
around the station be reconfigured, operating practices 
would require negotiations between the MTA and its 
unions to change work rules and policies.

Table 12: Summary of Subway Terminals by Type
Terminal Type Number
Tail-End Tracks 16

Bumper Block w/Adjacent Yard 7

Bumper Block 15

Loop 1

Other/Non-Standard Station Type* 3

Total 42
*Note: Forest Hills/71st Ave, Church Ave and Prospect Park 
Source: RPA Analysis

Table 13: Summary of Subway Junctions by Line
Line Service(s)  Junctions
8th Avenue Line A,C,D,B 3

4th Avenue Line D,N,R 3

Jamaica Line J,Z,M 3

6th Avenue Line B,D,F,M 3

Queens Blvd Line E,F,M,R 3

Jerome Avenue Line 4 2

Astoria Line N,Q 2

White Plains Road Line 2,5 2

Broadway-7th Avenue Line 1,2,3 1

Canarsie Line L 1

Rockaway Line A,S 1

Brighton Line B,Q 1

Lenox Avenue Line 2,3 1

Myrtle Avenue Line M 1

Nostrand Avenue Line 2,5 1

Pelham Line 6 1

Archer Avenue Line E,J,Z 1

Culver Line F,G 1

Eastern Parkway Line 2,3,4,5 1

Fulton Street Line A,C 1

Sea Beach Line N 1

West End Line D 1

63rd Street Line/SAS Q,F 1

Concourse Line D,B 1

Crosstown Line G 1

Liberty Avenue Line A,C 1

Second Avenue Line Q 1

42nd Street Shuttle S 0

Broadway Line N,Q,R 0

Clark Street Line 2,3 0

Lexington Avenue Line 4,5,6 0

Dyre Avenue Line 5 0

Franklin Avenue Line S 0

Nassau Street Loop Line J,Z 0

Total 40
Source: RPA Analysis
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As part of the effort to improve terminal performance, new 
metrics should be developed to evaluate how terminals 
affect service reliability and throughput — similar to exist-
ing metrics for rolling-stock and overall service on-time 
performance.

Correct extreme track geometry issues 
and poorly designed junctions
New York’s subway system is a complex network of lines 
that winds its way throughout the city. Lines are intercon-
nected with 40 junctions allowing for the merging and 
diverging of services. The subway has 174 curves, with 
roughly half contributing to limitations in system through-
put. RPA completed a survey of both junctions and curves 
based on available public information and its institutional 
knowledge of system.

Table 13 shows that all but seven subway lines out of 35 
have junctions. Of those that have junctions, only eight 
have two or more. The lines with the most number of junc-
tions include 8th Avenue (A, C, D, B), 4th Avenue (D.N,R), 
Jamaica (J ,Z, M), 6th Avenue (B, D, F, M) and Queens Blvd 
(E, F, M, R). Not surprisingly most of these lines are part 
of the IND system which was constructed with a focus on 
delivering a one-seat ride to as many straphangers as pos-
sible.

Junctions are not a major constraint if they are designed 
properly, i.e., if they are grade-separated and allow trains to 
pass efficiently. However, there are problematic junctions 
in the subway system, most notably the Nostrand Avenue 
Junction in Brooklyn where the 2/3/4/5 services merge. 
As described previously, this junction involves a complex 
merging/diverging of 4 services, some of which must cross 
in front of each other at grade. This restriction is the result 

of a conscious policy decision to give residents of both 
Crown Heights (3/4 services) and Flatbush (2/5 services) 
a one seat ride options to either Manhattan’s West or East 
sides. To retain this feature while eliminating the delays 
and inefficiencies of crossing services, the MTA would have 
to physically reconfigure the junction to make it fully grade 
separated and allow for the 4/5 services to serve the local 
tracks on the Eastern Parkway line to New Lots Avenue. 
This would enable all merging and diverging movements 
to occur without any impedance. However, another option 
would be to eliminate the one-seat ride options to either the 
east and west sides for both branches and just operate the 
junction as it was designed, as discussed earlier in Untan-
gling Services.

There are several ways to address problematic junctions: a) 
physically reconstruct them as noted above; b) reconfigure 
services to eliminate conflicting movements as discussed 
in the “untangling services” section; o,r c) install CBTC. 
The first two solutions are either expensive or could result 
in the loss of direct service, but CBTC can help partially 
ameliorate the delays associated with problematic junc-
tions by allowing the signaling system to “see ahead” and 
predict upcoming conflicts. When a conflict is predicted 
the system can dynamically slow and speed trains so that 
they pass through the junction one after another without 
having to stop and wait for the other train to clear the junc-
tion. Untangling services could be a short-term means of 
improving reliability and capacity until CBTC is installed.

Straightening curves is a more difficult proposition and a 
bottleneck that CBTC cannot mitigate. Table 14 catalogs 
the number of curves by type for each of the 34 subway 

Photo: RPA
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lines. RPA defined three categories of curves based on the 
degree of curvature and the proximity of curves to one 
another:

 ⊲ normal curves with a longer radius or shorter degree of 
curvature (little to no impact),

 ⊲ tight or sharp curves with a shorter radius or longer 
degree of curvature (greater impact) and

 ⊲ s-curves or two sharp curves in a row (greatest impact).

There are 34 s-curves and 53 tight curves, which combined 
account for a little over a half of all the curves in the sys-
tem. The 34 s-curves severely restrict speeds, constraining 
system capacity. Examples include the 2/3 from Chambers 
to Wall Street, R/W from City Hall to Cortlandt Street and 
the 4/5/6 at Union Square, where the station is constructed 
on a curve requiring mechanical platform-extenders to fill 
the gap. The impacts of tight curves are harder to discern 
but lines with multiple geometry constraints are unlikely to 
reach higher levels of throughput. Once again, the 8th and 
6th Avenue lines rank at the top, having the most number 
tight curves. The Lexington Ave line (4. 5, 6) and White 
Plains Road line (4) have the most s-curves, which will 
inhibit the ability of CBTC to decongest Manhattan’s busi-
est subway line. Curves on the Broadway/7th Avenue line, 
Queens Blvd line and Astoria line are also likely problem-
atic as future growth on these lines will require full capac-
ity and elimination of a greater number of bottlenecks.

Correcting these design flaws will be difficult and expen-
sive. It could require the acquisition of easements to 
straighten or increase the radii of curves or cant (banking 
curves to allow train to enter and navigate at higher speeds, 
increasing throughout). Solutions might also involve con-
structing new deeper alignments, elimination of closely 
spaced stations between curves, or the realignment of the 
subway tunnels in the areas noted above . While a substan-
tial undertaking, the capacity and reliability benefits could 
outweigh its costs.

Figure 12 highlights the 27 geometric bottlenecks — 14 s 
curves and 13 tight curves — that should be the highest pri-
orities. Deeper engineering and cost benefit analysis would 
be needed before any actions could be pursued.

Table 14: Summary of Subway Geometry Constraints by 
Curve Type
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6th Avenue Line 2 5 1 7 8

8th Avenue Line 3 3 7 6 13

Lexington Avenue Line 4 1 2 5 7

White Plains Road Line 4 1 2 5 7

Culver Line 2 2 1 4 5

Queens Blvd Line 1 3 8 4 12

Astoria Line 1 2 0 3 3

Broadway-7th Avenue Line 2 1 7 3 10

Broadway Line 1 2 1 3 4

Canarsie Line 0 3 7 3 10

Clark Street Line 0 3 1 3 4

Concourse Line 0 3 2 3 5

Crosstown Line 1 2 2 3 5

Flushing Line 1 2 1 3 4

Jamaica Line 3 0 4 3 7

Pelham Line 0 3 6 3 9

Rockaway Line 1 3 3 4 7

West End Line 1 2 3 3 6

4th Avenue Line 1 1 2 2 4

Eastern Parkway Line 0 2 2 2 4

Fulton Street Line 1 1 3 2 5

Lenox Avenue Line 1 1 0 2 2

Nassau Street Loop Line 1 1 1 2 3

Sea Beach Line 1 1 2 2 4

63rd Street Line/SAS 0 1 0 1 1

Archer Avenue Line 0 1 0 1 1

Brighton Line 0 1 3 1 4

Dyre Avenue Line 1 0 0 1 1

Jerome Avenue Line 1 0 3 1 4

Myrtle Avenue Line 1 0 4 1 5

Nostrand Avenue Line 0 1 2 1 3

Second Avenue Line 0 1 2 1 3

42nd Street Shuttle 0 0 0 0 0

Franklin Avenue Line 0 0 2 0 2

Liberty Avenue Line 0 0 2 0 2

Totals 35 53 86 88 174
Source: RPA Analysis
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Figure 12: Top 27 Curves Bottlenecks  
and Yard Expansion Opportunities
Source:Regional Plan Association
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Ensure sufficient yard and power capacity
Yards and other critical maintenance facilities are often the 
most overlooked part of the subway system. Yet, without 
them the system would not be able to function. They are 
essential to its operation and need to be in scale with the 
service that the system provides. As demand for service 
increases, more space will be needed to store and maintain 
an increasing number of trains. The subway has 23 yards, 
as shown in Figure 12. Several of its largest yards — like 
Coney Island — are located in areas vulnerable to flooding 
during extreme weather events and future sea-level rise. 
There are also development pressures to reclaim surplus 
land surrounding MTA facilities and in some cases to deck 
over the yards. Unlike the John D. Caemmerer West Side 
Yard for the LIRR that was designed for decking with space 
left in between tracks for columns, most of the subway 
yards would not be able to support a deck without giving 
up storage tracks. If the subway is to support a growing city 
and fully leverage CBTC and all of the other investments 
that will improve its through-put it will also need sufficient 
yard capacity as well. The MTA and New York City must 
plan for this eventuality and ensure that existing yard 
capacity is not diminished and that sufficient land and/or 
air rights are preserved for future yard expansion.

More service will require more power. In past, as the MTA 
added trains it also added substations. Even today, the 
agency is planning on adding two new substations to the L 
train in 2019 to support two additional trains per hour in 
the peak. To minimize the need for additional substations, 
priority should be given to conserving and recycling power. 
These actions range from relatively small to very large 
undertakings, some of which are detailed below:

 ⊲ Invest in battery technology to store and feed power 
from regenerative braking back to the 3rd rail:  The 
MTA’s current power system does not support this 
capability, even though 57% of its rolling stock is 
equipped with the technology. Most of the power that is 
generated from braking is wasted. Many other systems 
have upgraded their power systems and have been able 
to lower their power consumption. For example, the 
Paris metro consumes 30% less traction energy due to 
its use of regenerative braking, first deployed in 1977.

 ⊲ Lower the weight of subway trains and use more effi-
cient methods to cool their interiors: Our subway has 
some of the heaviest metro cars in the world. Many 
other systems have transitioned to lighter models, with 
roughly 75% of the metros deploying “open gang-
way” designs that substantially reduce the weight of 
a trainset. This is accomplished by the elimination of 
trucks (or bogies) that typically sit on either end of the 
car — this is where the wheels and electric motors are 
located. By having the trucks act as a bridge between 
the cars instead it would cut down the number required 
by almost half. This would substantially reduce the 
weight of the vehicle and the amount of power it would 

consume3. Additionally, more efficient means of cooling 
the vehicles could use less energy and produce less heat 
than conventional air conditioning technology.

Install LEDs wherever possible. Light emitting diodes (LED) 
use less energy (between 45-65% savings) and last more 
than twice as long as the linear florescent tubes the MTA 
uses today, reducing maintenance costs4. They also emit 
less heat.5

Unchain CBTC, use coasting and other power saving fea-
tures. The MTA is currently not using some of the more 
advanced power-saving features of CBTC available on 
the Canarsie line, in particular the coasting feature that 
reduces power consumption by allowing the train to coast 
whenever possible instead of drawing power or braking. 
As more of the subway is upgraded to CBTC, using these 
features would reduce energy demand and the need for 
additional substations.

Ensure space is reserved for substations. It is important 
that locations be determined and banked for the siting of 
future substations to ensure that the ability to add power 
locally does not become a bottleneck for future service 
expansion.

Improving the Customer 
Experience
The ten capital investment priorities described above 
would restore the system, making it more reliable, improv-
ing service and giving it more capacity than it has ever had. 
The actions described in this section would complement 
these investments by making the subways more welcoming 
to riders, improving unhealthy environments, and easing 
their ability to use the system and transfer to other modes 
of travel. They would also make the subways more afford-
able and easier to use for low-income riders, the elderly and 
the disabled. These include actions that would combine the 
new technologies, operational improvements and targeted 
capital improvements that would enhance core invest-
ments:

 ⊲ Creating healthier station environments

 ⊲ Reimaginging fares and improving intermodality

3 “When American Transit Agencies Ignore the World’s Move to Open Gang-
ways.” The Transport Politic. 2 July. 2015. Web. 12 Mar 2018. <https://www.
thetransportpolitic.com/2015/04/06/when-american-transit-agencies-ignore-
the-worlds-move-to-open-gangways/>.
4 Frye, Nina. “Linear LED vs. linear fluorescent: A look at the pros and cons 
of different linear tubes.” Lighting Insights Blog. 31 May 2016. 12 Mar. 2018. 
<https://insights.regencylighting.com/linear-led-vs.-linear-fluorescent-a-look-
at-the-pros-and-cons-of-different-linear-tubes>.
5 “LED vs CFL Bulbs: Which is More Energy Efficient?” Constellation Resi-
dential and Small Business Blog. 12 Dec. 2017. Web. 12 Mar. 2018. <http://blog.
constellation.com/2016/03/25/led-vs-cfl-bulbs/>.
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 ⊲ Introducing new operating technologies for a smarter 
subway

Creating Healthier Station Environments
Subway stations are dark, cramped and uncomfortable. The 
recommendations in “Right Size Congested Stations” above 
were made to address the size or capacity of the stations 
including, lack of vertical circulation and surface access, 
among others. However, the impact of the station environ-
ment on the public’s health is no less important. New York 
City residents are the most active in the region due to the 
amount of walking they do on a daily basis, a situation that 
is only possible because the subways encourage walking 
and transit over driving. Yet, in the subway system riders 
are exposed to environments that have long-term deleteri-
ous impacts on their health. The reduction of crowding 
and improving access may be the first step in making the 
subway healthier — but other actions are needed to address 
the triple threat of heat, noise and air quality.

Cooling the Subways
During warm months, temperatures in underground sta-
tions across the system can routinely exceed 80°F and 
during heat waves they can rise much higher. On a 96°F 
day in July 2015, temperatures reached as high as 107°F 
at Brooklyn Bridge — City Hall (4/5/6), 101°F at the World 
Trade Center (E), and 97°F at Lexington Avenue - 59th St 
(4/5/6/N/R/W).6 Lack of air circulation makes the heat 
feel even worse. Even during cooler weather, temperatures 
underground can remain uncomfortably warm.

In addition to causing discomfort and annoyance, high tem-
peratures in the subway system pose serious health risks 
to riders and transit employees and contribute to more sick 
passenger delays.78 If station temperatures exceed 90°F the 
risk of fainting and illness rises sharply.9 These high tem-
peratures can discourage people from using the subway, 
leading to more trips taken in private and for-hire vehicles.

As hot as the subways are now, the situation will only get 
worse. Mean annual temperatures in NYC have increased 
by 3.4°F since 1900, and projections indicate that they will 
increase another 5°F by the 2050s and 5.3°F to 8.8°F by the 
2080s as a result of global climate change.10 Higher ambient 
temperatures will translate directly to higher temperatures 
in stations and on trains, and extreme heat episodes will 
worsen as heat waves become more frequent and severe. 
Warmer outside air will be less effective in cooling sta-

6 “NYCs Hottest Subway Stations, Mapped.” WNYC. Web. 12 Mar. 2018. 
<https://www.wnyc.org/story/hottest-subway-stations-map-nyc/>.
7 Rivoli, Dan. “Subway platform workers endure brutal heat.” NY Daily News. 
2 Aug. 2015. Web Mar. 2018. <http://www.nydailynews.com/new-york/subway-
platform-workers-endure-brutal-heat-article-1.2312051>.
8 Rubinstein, Dana. “Expert panel to warn of ‘dangerously hot’ subways.” 
Politico. 3 Sep. 2014. Web. 12 Mar. 2018. <https://www.politico.com/states/
new-york/city-hall/story/2014/09/expert-panel-to-warn-of-dangerously-hot-
subways-015440>.
9 “New Tube For London” Presentation to RPA
10 “New York City Panel on Climate Change 2015 Report Executive Summary.” 
Annals of the New York Academy of Sciences. Jan. 2015. Web. 12 Mar. 2018. 
<doi:10.1111/nyas.12591>.

tions and tunnels, and warmer ambient temperatures will 
increase the temperature of the ground around tunnels, 
reducing its effectiveness as a heat sink.11

Furthermore, as the MTA increases train frequency to 
accommodate growing subway ridership, station tempera-
tures will increase with more frequent braking and acceler-
ation; most of the heat that riders experience underground 
is generated by the braking and acceleration of subway 
trains in an enclosed space. 12 Increased crowding, delays, 
and train congestion will also reduce the efficiency of train 
movement, resulting in unnecessary acceleration and brak-
ing and additional heat generation.

Longer dwell times due to delays and crowding will 
increase the amount of hot air conditioning exhaust that is 
ventilated into stations, and air conditioners will be further 
burdened by rising outdoor temperatures. Also, as train 
speeds decrease, the piston effect that serves to circulate 
air through tunnels and ventilate stations will be reduced. 

13 The addition of electronic displays and countdown clocks 
in stations will also generate even more heat.

In the absence of a comprehensive heat mitigation plan, 
temperatures underground will continue to increase to 
ever more uncomfortable, disruptive, and dangerous levels. 
Given the size, age, and complexity of the NYC subway 
system, a successful approach to reliving these conditions 
must incorporate a number of strategies.

Based on the experience of London and other cities, and 
leveraging investments made to restore the system, several 
strategies could significantly cool stations throughout the 
subway system. Many of these overlap with strategies to 
make the subways more energy efficient, simultaneously 
reducing power needs and costs:

Leverage benefits of regenerative braking to reduce heat: 
Regenerative braking has the potential to reduce the 
amount of heat generated by braking trains as well as the 
amount of energy required to operate the subway, which 
can also improve the environment and health in communi-
ties outside of New York City.

Lower the weight of subway cars: According to the MTA 
Blue Ribbon Commission on Sustainability, weight reduc-
tions of 2,000lbs per Division B car can be realized by pur-
suing “all reasonable light weighting technology”. 14 Such 
a reduction will also decrease train power draws by 2.5%. 

11 Ampofo, F., G. Maidment, and J. Missenden. “Underground railway environ-
ment in the UK Part 2: Investigation of heat load.” Applied Thermal Engineering. 
Apr. 2004. Web Mar. 12 2018. <doi:10.1016/j.applthermaleng.2003.10.018>.
12 “Cooling the Tube.” Plant Engineer. Dec. 2007. Web. 12 Mar, 2018. <http://
www.plantengineer.org.uk>.
13 Pan, Song & Fan, Li & Liu, Jiaping & Xie, Jingchao & Sun, Yuying & Cui, 
Na & Zhang, Lili & Zheng, Binyang. “A Review of the Piston Effect in Subway 
Stations”. Advances in Mechanical Engineering. Nov. 2013. Web. 12 Mar. 2018. 
<https://doi.org/10.1155/2013/950205>.
14 Greening Mass Transit & Metro Regions: The Final Report of the Blue Rib-
bon Commission on Sustainability and the MTA. Report. MTA. Web. 8 Mar 
2018. <http://web.mta.info/sustainability/pdf/SustRptFinal.pdf>.



Transport for London 
Case Study

The increasingly high temperatures in the London Under-
ground have been the focus of significant attention and 
investment in the past decade. Like New York, rising rider-
ship and ambitious modernization plans have compelled 
Transport for London (TfL) to investigate solutions to the 
issue of overheated trains and stations.1 Unlike the New 
York City subway, which largely consists of tunnels run-
ning just below city streets, London’s hottest subway lines 
are its “deep tube” lines, which run 20 meters (65 feet) or 
more below the surface. Due to the constrained dimensions 
of deep tube tunnels and stations, the dense development of 
central London, and a lack of space for additional ventila-
tion facilities, air conditioning stations and trains has long 
been dismissed as technically unfeasible.2 To control rising 
temperatures while working within these physical limita-
tions, TfL has embarked on an ambitious Cooling the Tube 
Programme.3

First, Manage Energy Output
Given the constrictions of the deep tube network, reduc-
ing heat output is the most economical approach to cooling 
temperatures. According to mathematical modeling, 80% 
of the heat load in a deep tube tunnel during the summer 
months is generated as a result of the braking of trains. 4 
Therefore, TfL has made improving braking efficiency one 
of the primary goals of the Cooling the Tube Programme. 
This has been accomplished on several underground 
lines through the use of automatic train operation, which 
controls the acceleration and braking of trains to achieve 
maximum efficiencies. TfL plans to upgrade the Waterloo & 
City, Central, and Piccadilly lines to automatic train opera-
tion as part of the New Tube for London plan to realize 
these efficiencies.

Furthermore, TfL is aggressively implementing regenera-
tive braking technology, which has been shown to dra-
matically reduce temperatures in stations and on trains. 
Implementing regenerative braking technology on new 

1 “Why does the Tube get so hot?” The Londoner. Jul 2005. Web. 12 Mar. 2018. 
<https://web.archive.org/web/20070930184514/http://www.london.gov.uk/
londoner/05july/p4b.jsp?nav=news>.
2 “London Underground Enters the Ice Age.” Railway Technology. 23 Oct. 
2008. 8 Mar. 2018. <http://www.railway-technology.com/features/fea-
ture44472>.
3 “Cooling the Tube.”Plant Engineer. 01 Dec. 2007. Web. 11 Mar. 2018. <http://
www.plantengineer.org.uk/plant-engineer-library/cooling-the-tube/23757>.
4 Ampofo, F., G. Maidment, and J. Missenden. “Underground railway environ-
ment in the UK Part 2: Investigation of heat load.” Applied Thermal Engineering. 
Apr. 2004. Web. 12 Mar. 2018. <doi:10.1016/j.applthermaleng.2003.10.018>.

rolling stock has allowed TfL to realize a 32% reduction 
in braking-related heat generation. As TfL modernizes 
additional lines to allow for service frequencies in excess of 
30 trains per hour, regenerative braking technology is pro-
jected to reduce temperatures onboard trains by nearly 4°C 
(6°F). Research has demonstrated that with 70% of train 
kinetic energy recaptured through regenerative braking, 
the difference between tunnel and ambient temperatures 
would be reduced by 50%.5 TfL is also reducing heat gen-
eration from braking by employing weight saving measures 
for rolling stock, such as switching to open gangway trains.

Second, Maximize Cooling Effect 
of Existing Infrastructure
Transport for London has embarked on a significant effort 
to rehabilitate and expand the capacity of existing ventila-
tion plants, doubling the amount of hot air ventilated from 
tunnels.6 Research in the deep tube environment has dem-
onstrated that a tenfold increase in ventilation capacity rate 
can reduce tunnel and train temperatures by 12% and 10%, 
respectively.7 Researchers have also suggested employing 

5 Ampofo, F., G. Maidment, and J. Missenden. “Underground railway envi-
ronment in the UK.” Applied Thermal Engineering. 2004. Web. 12 Mar. 2018. 
<doi:10.1016/j.applthermaleng.2003.10.019>.
6 “LU. London Upgrade. Our city is evolving. So is our underground.” Trans-
port for London. 2014.
7 Ampofo, F., G. Maidment, and J. Missenden. “Underground railway envi-
ronment in the UK.” Applied Thermal Engineering. Apr. 2014. Web. 12 Mar. 
2018.<doi:10.1016/j.applthermaleng.2003.10.019>.
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approaches accomplish cooling without the use of air con-
ditioning, avoiding significant energy costs and environ-
mental impacts. TfL has also piloted using warm air and 
wastewater from underground stations to heat buildings.12

TfL has also installed a chiller system in the St. Paul’s tube 
station which cools air pulled into the station from street 
level.13 While these systems have been successful in provid-
ing cooling, their use will be limited to critical stations due 
to the cost and complexity of designing custom solutions.

12 Thornhill, Ted. “How the Tube will warm-up Londons homes (and cut 
bills): Waste heat from the Northern Line to be piped into hundreds of houses.” 
Daily Mail Online. 29 Nov. 2013. 8 Mar. 2018. <http://www.dailymail.co.uk/
sciencetech/article-2515559/How-waste-heat-Tube-warm-hundreds-London-
homes.html>.
13 “TfL introduces new fan chiller technology to help Tube passengers keep 
cool.” Railway Technology. 16 Aug. 2015. 8 Mar. 2018.<http://www.railway-
technology.com/news/newsuk-tfl-introduces-new-fan-chiller-technology-to-
help-tube-passengers-keep-cool-4647985/>.

subterranean “heat pipes” to modify the thermal conduc-
tivity of land around tunnels, enhancing its effectiveness as 
a heat sink.8

Lastly, New Cooling Methods
To alleviate high temperatures at the most critical stations, 
TfL has tested a number of innovative cooling solutions at 
select London Underground stations. At Victoria Station, 
a pilot project was implemented that took advantage of 
naturally cool groundwater that was already being pumped 
out of the station. The groundwater was routed through 
a heat exchanger to cool warm air, which was then cir-
culated around the station by the movement of trains.910 
TfL has also implemented a cooling system at the Green 
Park station that uses boreholes to draw naturally cold 
water up from the London aquifer, routes it through a heat 
exchanger, and then returns the warm wastewater back to 
the aquifer. At Oxford Circus another system uses tem-
perate outside to provide the cooling effect.11 All of these 

8 Thompson, J.A., G.G. Maidment, J.F. Missenden, and F. Ampofo. “Geo-
thermal cooling through enhancement of the natural heat sink effect — proof 
of concept.” Experimental Thermal and Fluid Science. May 2007. Web. 12 Mar. 
2018. <doi:10.1016/j.expthermflusci.2006.06.002>.
9 “UK | England | London | Water pump plan to cool the Tube.” BBC News. 
8 Jun.2006. 8 Mar.2018. <http://news.bbc.co.uk/2/hi/uk_news/england/lon-
don/5058362.stm>.
10 Transport for London | Every Journey Matters. “Groundwater cooling trial 
at Victoria wins Carbon Trust award.” Transport for London. Apr. 2007. 8 Mar. 
2018.<https://tfl.gov.uk/info-for/media/press-releases/2007/april/groundwa-
ter-cooling-trial-at-victoria-wins-carbon-trust-award.>
11 “Borehole cooling for Green Park Station — TunnelTalk.” TunnelTalk. Feb. 
2012. 8 Mar. 2018. <https://www.tunneltalk.com/London-Underground-Feb12-
Borehole-cooling-for-Green-Park-Station.php>.
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Figure 13: The Rebuilt London  
Underground Kings Cross Station
Photo © Transport for London
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This light weighting can be applied to all new built roll-
ing stock as well as the 4,800 car overhaul eligible fleet. As 
noted earlier, open gangway trainsets would also be lighter 
and should be pursued as the fleet is replaced.

Rethink how to more efficiently cool subway cars: Subway 
car air conditioning has introduced an excessive amount of 
heat into the system. Straphangers can feel the temperature 
elevate when a train is idling at a station during a summer 
day. Moving from a sweltering station to a freezing cold car 
is unhealthy. Other methods to cool cars instead of conven-
tional air conditioning should be explored. Improvements 
in ventilation over the tracks could also help divert some 
of this heat, but this intervention is infeasible in many of 
the older stations. It may also be healthier to reduce the 
amount of air conditioning in cars to generate less external 
heat and reduce the differential in temperature between 
trains and platforms.

Fully leverage benefits CBTC including features such as 
“Coasting” which limits braking: The implementation of 
CBTC would reduce the amount of energy used and the 
heat generated by trains by allowing for more efficient train 
movements and less unnecessary braking. CBTC enables 
each train to know where all the trains in the system are 
located which allows them to determine how to maintain 
their distance using their current forward inertia and only 
apply the brakes when absolutely necessary . This is a far 
cry from the stop and go approach that is typical of most 
manually operated trains, where the train operator must 
respond to signals and has no real-time knowledge of the 
precise distance between his/her train and the leading one.

Improve ventilation plants and pursue other methods to 
cool/temper station environments: Opportunities may also 
exist for the improvement of tunnel ventilation to reduce 
heat levels. According to the 2015 — 2019 MTA Capital Plan, 
only 60% of ventilation facilities are currently in a state of 
good repair. 15 Station ventilation and cooling projects may 
also be considered as part of public transit bonuses for real 
estate development. The MTA Blue Ribbon Commission on 
Sustainability has also recommended investigating poten-
tial uses for pumped groundwater. These uses may include 
station cooling as well as heating of nearby buildings.16

Design future subway lines to generate less heat and be 
more energy efficient: Future subway lines can be engi-
neered to allow for more energy efficient and less heat 
generating performance. For instance, they could include 
“humped tracks” between stations (used on the Lexington 
Avenue line between Union Square and GCT), harnessing 
the power of gravity to assist with acceleration and brak-

15 “Capital Program 2015-2019: Renew. Enhance. Expand.” MTA. Web. 8 Mar. 
2018. <http://web.mta.info/capital/pdf/MTA_15-19_Capital_Plan_Board_
WEB_Approved_v2.pdf>.
16 Peek , Katie . “What Would You Do with Eight Million Gallons of Water 
Every Day?” Scienceline. 10 Feb. 2010. Web. 8 Mar. 2018. <http://scienceline.
org/2010/02/what-would-you-do-with-eight-million-gallons-of-water-every-
day/>.

ing. Turns can also be designed to reduce the need for 
unnecessary braking between stations and to maximize the 
benefits of coasting.

Improving Air Quality
A number of recent studies have attempted to determine 
the quality of indoor air in the NYC subway system and 
what health impacts, if any, this air may have on riders and 
transit workers. While research has found elevated par-
ticulate matter levels, it is unclear whether these conditions 
pose a serious threat to human health.

Chromium, manganese, and iron dust have been mea-
sured at levels 100 times higher than typical NYC outdoor 
environments, but these levels are still 1,000 times below 
federally established exposure limits.17 Follow-up research 
has not found any consistent evidence of health impacts 
stemming from these exposures, though the literature is 
limited.18 Elevated levels of particulate matter and heavy 
metals are not conditions unique to the NYC Subway; 
metro systems all over the world experience heightened 
pollutant levels, varying with differences in station design, 
ventilation, wheel materials, and braking technology.1920

Researchers have found elevated levels of Black Carbon, 
the sooty black smoke associated with diesel exhaust, in 
underground NYC subway stations.21 This particle has 
been associated with a range of adverse respiratory health 
effects. The levels of the particle varies significantly among 
stations, but in general were found to be 4-7 times higher 
in stations than on the street. These elevated levels are 
thought to be linked to the use of diesel equipment for track 
work and maintenance.

17 Chillrud, S. N., D. Grass, JM Ross, D. Coulibaly, V. Slavkovich, D. Epstein, 
SN Sax, D. Pederson, D. Johnson, JD Spengler, PL Kinney, HJ Simpson, and P. 
Brandt-Rauf. “Steel Dust in the New York City Subway System as a Source of 
Manganese, Chromium, and Iron Exposures for Transit Workers.” Journal of 
Urban Health: Bulletin of the New York Academy of Medicine. 28 Feb 2005.Web. 8 
Mar. 2018. <doi:10.1093/jurban/jti006>.
18 Grass, David S., James M. Ross, Farnosh Family, Jonathan Barbour, H. 
James Simpson, Drissa Coulibaly, Jennifer Hernandez, Yingdi Chen, Vesna 
Slavkovich, Yongliang Li, Joseph Graziano, Regina M. Santella, Paul Brandt-
Rauf, and Steven N. Chillrud. “Airborne particulate metals in the New York 
City subway: A pilot study to assess the potential for health impacts.” Environ-
mental Research. Jan 2010. 8 Mar. 2018.<doi:10.1016/j.envres.2009.10.006>.
19 Nieuwenhuijsen, M.j., J.e. Gómez-Perales, and R.n. Colvile. “Levels of 
particulate air pollution, its elemental composition, determinants and health 
effects in metro systems.” Atmospheric Environment. 2007. Web. 8 Mar. 
2018.<doi:10.1016/j.atmosenv.2007.08.002>.
20 Moreno, T., N. Pérez, C. Reche, V. Martins, E. De Miguel, M. Capdevila, S. 
Centelles, M.c. Minguillón, F. Amato, A. Alastuey, X. Querol, and W. Gibbons.” 
Subway platform air quality: Assessing the influences of tunnel ventilation, 
train piston effect and station design.” Atmospheric Environment. Aug 2014.
Web. 8 Mar. 2018.<doi:10.1016/j.atmosenv.2014.04.043>.
21 Vilcassim, M. J. Ruzmyn, George D. Thurston, Richard E. Peltier, and Terry 
Gordon. “Black Carbon and Particulate Matter (PM2.5) Concentrations in New 
York City’s Subway Stations.” Environmental Science & Technology.2014. Web. 8 
Mar. 2018.<doi:10.1021/es504295h>.
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Recent public interest has also focused on the bacterial 
makeup of NYC subway air.222324 The subway does not 
possess a macrobiotic makeup significantly different from 
outside air, other than an increased level of fungi, likely due 
to the use of wooden railroad ties.25

While research has found elevated levels of heavy metals 
and Black Carbon in the NYC subway, there is overall a 
lack of available research on the long term health risks of 
such exposures for transit riders and employees. Additional 
research is necessary to specifically compare the conditions 
within the subway to those experienced by New Yorkers 
using other forms of transit and in the average New York 
outdoor and indoor environments. A system-wide action 
that would protect customers from “Black Carbon” would 
be the elimination of diesel vehicles and equipment from 
its service fleet. This would require the agency to go to all 
electric power equipment to service the subway.

Reducing Noise
While all transportation modes in New York City expose 
passengers to noise levels that put them at risk for noise 
induced hearing loss, noise levels are highest in the stations 
of the New York City Subway. These noise levels affect not 
only riders and workers, but in the case of aboveground and 
elevated lines, local residents as well.262728

Research from 2007 found mean noise levels of 80.4 dBA ( 
and a max noise level of 90.4 dBA) combined across indoor, 
outdoor, and onboard measurements in the subway; this 
exceeds the noise induced hearing loss (NIHL) threshold of 
70 dBA averaged over a 24 hour period. Chronic exposure 
to this noise level for just a few hours each day is sufficient 
to cause noise induced hearing loss.2930

22 Hotz, Robert Lee. “Big Data and Bacteria: Mapping the New York Subway’s 
DNA.” Wall Street Journal. 5 Feb. 2015. Web. 8 Mar. 2018. <https://www.
wsj.com/articles/big-data-and-bacteria-mapping-the-new-york-subways-
dna-1423159629>.
23 Musumeci, Natalie, Kevin Fasick, and Natalie O’Neill. “Bacteria-filled sub-
ways leave riders feeling queasy.” New York Post. 7 Feb. 2015. Web. 8 Mar. 2018. 
<https://nypost.com/2015/02/07/bacteria-filled-subways-leave-riders-feeling-
queasy/>.
24 Smith, Peter Andrey. “Next to You on the Subway.” The New York Times. 27 
May 2013. Web. 8 Mar. 2018. <http://www.nytimes.com/2013/05/28/science/
microbes-hitch-a-ride-on-the-subway.html>.
25 Robertson, Charles E., Laura K. Baumgartner, Jonathan K. Harris, Kristen 
L. Peterson, Mark J. Stevens, Daniel N. Frank, and Norman R. Pace. “Culture-
Independent Analysis of Aerosol Microbiology in a Metropolitan Subway 
System.” Applied and Environmental Microbiology. 29 Mar. 2013. Web. 8 Mar. 
2018. <doi:10.1128/aem.00331-13>.
26 Associated Press. “Noise tops New Yorkers quality-of-life complaints.” New 
York Post. 19 Jan. 2014. Web. 8 Mar. 2018. <https://nypost.com/2014/01/19/
noise-tops-new-yorkers-quality-of-life-complaints>.
27 Haddon, Heather. “D train train an earful of trouble for Brooklyn biz.” 
Newsday. 10 Jan.2010. 8 Mar. 2018. <https://www.newsday.com/news/new-
york/d-train-train-an-earful-of-trouble-for-brooklyn-biz-1.1726418>.
28 Portlock, Sarah. “Deaf in DUMBO.” The Brooklyn Paper. 25 Sep. 2008. Web. 8 
Mar. 2018. <https://www.brooklynpaper.com/stories/31/38/31_38_sp_dumbo_
noise.html>.
29 Neitzel, Richard, Robyn R. M. Gershon, Marina Zeltser, Allison Canton, 
and Muhammad Akram. “Noise Levels Associated With New York Citys Mass 
Transit Systems.” American Journal of Public Health. Aug. 2009. Web. 8 Mar. 
2018. <doi:10.2105/ajph.2008.138297>.
30 Gershon, Robyn R. M., Richard Neitzel, Marissa A. Barrera, and Muhammad 
Akram. “Pilot Survey of Subway and Bus Stop Noise Levels.” Journal of Urban 
Health. Sep. 2006. Web. 8 Mar. 2018. <doi:10.1007/s11524-006-9080-3>.

In the old, now decommissioned, South Ferry loop station, 
noise levels of 111 dBA had been recorded — loud enough to 
cause hearing loss in one minute given chronic exposure.31 
This makes the new South Ferry station, which reopened 
the summer of 2017 after being damaged by Super Storm 
Sandy, a marked improvement for rider’s public health. At 
104 dBA — louder than a chainsaw — noise levels on the 
4/5/6 platform at Union Square are still in operation and 
nearly as high as the old South Ferry station.

The New York City Department of Environmental Protec-
tion published a report in 2010 containing recommended 
noise level standards and mitigation strategies. Goals 
outlined in the report include completely eliminating curve 
and braking screech, reducing station noise levels below 
80 dBA, and reducing noise levels experienced in homes, 
schools, hospitals and other structures near elevated 
tracks.32

Specific strategies to reduce noise in the subways includes 
the following:

 ⊲ Make the installation of continuously welded rail (CWL) 
standard system-wide: The MTA has installed CWL 
in a handful of places to improve the smoothness of 
the ride and quality of the service. CWL eliminates the 
track joints which contribute to both a bumpier ride and 
noise. Installation of CWL should be expanded to focus 
on eliminating these joints around stations, especially 
for lines with open express bypass tracks, such as the 
Broadway Line.

 ⊲ Install quiet rail or low-vibration track at all stations: 
The Second Avenue Subway stations have all forsaken 
the traditional wood ties encased in concrete for ties 
encased in concrete-covered rubber and neoprene pads. 
This combined with CWL would further reduce vibra-
tion and noise.

 ⊲ Add sound absorbing panels throughout all station 
areas: Most subway stations are finished with tiles 
or stone. While aesthetically pleasing these materi-
als do little to absorb noise. In fact they can amplify 
and bounce it all around the station. Low maintenance 
sound absorbing panels, which can be found in many 
other transit systems, made of fiberglass or mineral 
wood (found on SAS), should be more widely employed. 
In fact, a study as far back as 1979 released by the City 
of New York’s Department of City Planning, entitled 
Subway Station Modernization, recommended that the 
MTA “Install noise reduction equipment, such as sound 
absorbing panels, on tracks, stairway ceilings, and 
platforms…”

31 Jamieson, Amber. “The city’s most deafening subway station is...” New York 
Post. 19 Jul. 2015. 8 Mar. 2018. <https://nypost.com/2015/07/19/the-citys-most-
deafening-subway-station-is/>.
32 “Transit Operations Strategies.” MTA. Mar. 2010. Web. 8 Mar. 2018. <http://
www.nyc.gov/html/dep/pdf/noise/transit-noise-study.pdf>.
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Figure 15: Components of a Modern and Healthy Subway Station
Image: ORG Permanent Modernity for the Fourth Regional Plan

Wider stair cases, 
improved circulation

Decluttered platforms 
to increase passenger 
capacity

Modern elevators, 
improved circulation 
and disabled access

Open up stations to 
natural light and air
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“The subway system must 
be modernized over the 
next 15 years with modern 
signals, new fare payment 
systems, and better 
passenger amenities like 
platform doors. Strategic 
station expansions and 
line modifications can 
also reduce bottlenecks.”

Platform screen doors 
to improve rider safety, 
service reliability, platform 
capacity and environment.

Passenger information 
panels integrated into 
screen doors that are low 
profile and take up less 
platform space
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Other Strategies for Healthier Stations
One action that would substantially improve a number 
of health outcomes would be to install platform screen 
doors, which would protect passengers from particulates, 
heat and noise. Platform edge or screen doors (PSD) are 
glass and steel walls with doors placed between the tracks 
and the platform. These barriers would not only prevent 
customers from being pushed or falling onto the tracks, 
but also would deliver many additional benefits that would 
greatly improve service and the station environment:

 ⊲ Save lives by preventing both accidents and suicides

 ⊲ Prevent trash from entering the tracks, saving cleaning 
costs

 ⊲ Reduce track fires and resulting delays

 ⊲ Secure subway tunnels from access by unauthorized 
persons

 ⊲ Enable trains to enter and depart stations faster

 ⊲ Increase platform capacity

 ⊲ Allow for the installation of Heating Ventilation and 
Air Conditioning (HVAC) or other cooling methods at 
stations

The last point is only possible if the MTA installs full-
length PSD, rather than half or three-quarter length doors. 
Full-length PSD would substantially reduce noise and pas-
senger exposure to particulates kicked-up during a train’s 
arrival and departure. If combined with HVAC or other 
cooling methods at major transit hubs, it could radically 
improve the health of the station environment.

There are several issues with installing PSD that need 
to be accounted for, most notably the high capital cost of 
installing and retrofitting stations to accommodate these 
doors and the ongoing operating costs to maintain them. 
Most of the system’s platforms are unable to bear the load 
of the PSD and would need to be reinforced (the weight 
of the doors might also be supported by the ceiling if they 
are partially hung) and columns might be pruned to make 
some space for unimpeded movement33. The agency must 
build in the cost of maintaining the doors into its annual 
operating budget, but should credit the annualized “cost 
savings” that would be realized by the investment. Finally, 
the MTA would also need to standardize its fleet (another 
recommendation in this report) to ensure that the doors on 
all cars would align properly.

Open up stations to light and air, bringing the outside in: 
RPA’s Second Regional Plan recommended breaching the 
plane between the surface and the underground world to 
bring natural light and air into the subway system. Since 
the plan’s completion in 1968 only a handful of stations 
have been retrofitted to incorporate these strategies. In 
fact, most new stations have gotten deeper and deeper — 

33 This would be feasible since the subway is over engineered with an excessive 
number of columns that are closely spaced.

father away from the surface. In the case of the construc-
tion of new lines and stations there is some logic in going 
deeper to avoid utilities and reduce surface disruptions 
during construction. However, much of the existing system 
presents numerous opportunities to daylight, especially in 
light of pedestrianization efforts underway at the surface to 
reassign roadway capacity for plazas and larger sidewalks.

One specific example is the relatively new Times Square 
plaza where a segment of Broadway was closed. The 42nd 
Street Shuttle station is a poorly lit and ventilated facility. 
It’s also in a state of disrepair making it a perfect candidate 
for a major intervention. Today, the station has just one 
narrow staircase to the new pedestrian plaza above. This 
one exit is served by two HEETS (High Entrance/Exit 
Turnstile) and is the only access point on the north side 
of 42nd Street directly into the square (this station is also 
part of the larger Times Square complex that includes the 
1,2,3,7,Q,N,R,W). This constrained access could be cor-
rected by punching out a new exit directly into the plaza 
on Broadway between 42nd Street and 43rd Street, similar to 
the new 7 line extension entrances that are located in the 
linear pedestrian plaza on 10.5 boulevard. This entrance 
would greatly improve circulation and bring light directly 
down to the Shuttle platforms below.

There are many other opportunities to bring light and air 
to stations in all five boroughs, opening up the possibility of 
installing green walls and other natural finishes in stations 
to cool them and help filter the air. Around the globe cities 
are experimenting with bringing nature into manmade 
environs. As New York City continues its efforts to green 
itself at the surface it should also explore similar interven-
tions for subterranean spaces in partnership with the MTA.

Reimagining Fares and Improving Intermodality
The MTA has a once-in-a-generation opportunity to use 
new fare payment technology to improve service and 
foster greater integration with other modes. The new fare 
system that the agency has selected will be “open loop,” or 
non-proprietary fare payment system that allows riders to 
use their mobile devices or credit cards as transit passes 
to directly enter the subway or bus. This system will shift 
the MTA away from its current role as the distributor of 
fare cards and passes. The new fare payment system will 
produce significant costs savings, allowing the MTA to 
dramatically reduce the number of ticket vending machines 
and the associated high costs of servicing them and go 
cashless in the process, including maintenance and armed 
security that’s required when transporting currency. This 
is a popular technology that other transit agencies around 
the globe are transitioning to and one that the MTA first 
piloted over a decade ago in 2006. RPA has conducted 
extensive research on fare collection technologies and the 
opportunities for more equitable and flexible fare policies. 
For more detail see the Transit Leadership Summit website 
(www.transitleadership.org )

http://www.transitleadership.org
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New fare technology not only improves customer con-
venience and transit performance; it also supports new 
fare policies and structures that can have an even greater 
impact on bus and subway service. To fully realize the ben-
efits of new fare payment technology and start a discussion 
of fare policies, RPA suggests the following recommenda-
tions to leverage the investment in the subway’s new fare 
payment system.

Rethink Fare Policies and Structures.
The transition the MTA underwent when moving to 
the MetroCard demonstrates the possibilities for policy 
changes and their benefits to riders. The changeover from 
tokens to magnetic strip cards in the mid-1990s allowed 
the MTA to create different fare types that weren’t limited 
to just the cash value but also to a specified time period 
and allowed for free transfers between subways and buses. 
These new capabilities dramatically changed riders’ travel 
behavior. For example, the introduction of a 30-day pass 
encouraged greater use of the transit system for discretion-
ary trips and was one of the driving factors in the large gain 
in off-peak ridership. Since the introduction of the monthly 
unlimited option in 1998, weekday ridership has increased 
by 43%, much of this in the off-peak and overnight periods. 
Weekend ridership has jumped 70%.

The new fare payment system should offer a wider range of 
fare plans, including offering lower fares for lower-income 
riders. The new fare payment system will be account-based. 
Fare type and value will be stored virtually rather than on 
the card itself, which is only used to identify the user. The 
account-based system will make it possible to introduce 
many different types of fares and tiered passes. For exam-
ple, the MTA could sell passes based on a certain number of 
trips, rather than on a dollar amount. The more trips pur-
chased, the greater the discount received. Trip-based fares 
could also be combined with other fare types if the number 
of trips is surpassed.

The MTA also should explore adopting a lower fare for 
riders using local buses only. This approach, similar to 
London’s policy of differential fares by mode, would have 
the dual benefit of providing a more affordable option and 
encouraging riders to use the bus, which could help to 
reverse the decline in bus ridership.

The MTA also should consider adopting subsidized “social 
fare” policies, a set of discounts available to lower-income 
passengers that will be easier to deploy with new account-
based fare technology. This would address the affordability 
and equity considerations that have historically depressed 
base fare prices. It’s important that subsidies for these fares 
come from the state and city, and that they don’t hurt the 
MTA’s ability to maintain and upgrade the transit network.

Account-based fare payment and differentiated fares raise 
questions about equitable fare prices for some passengers, 
including those who want to buy a single-ride fare, pas-

sengers who lack bank accounts, infrequent travelers, and 
those taking unplanned trips. To comply with universal 
service obligations, the MTA will still need to provide a 
way for passengers to pay cash for their fare as an alterna-
tive to using bank cards, credit cards or mobile devices for 
payment. But the new network will not need to be nearly 
as large as the current cash collection system and the MTA 
should work with third-parties (such as banks) to maintain 
cash alternatives and not to do it themselves.

Curtail Fare Evasion by Electronically 
Enforcing Payment of Fares.
The MTA’s new fare payment system must support hand-
held, wireless fare-validation scanners to read contactless 
fare cards and mobile devices. This critical tool will allow 
the MTA to deploy fare enforcement officers throughout 
the system — on buses, in the subway and on commuter rail 
trains. Fare-validation scanners typically require a wire-
less/cellular connection to update “hot lists” (fraudulent or 
blacklisted accounts) and communicate with the back office 
to pull account information. They are capable of working 
offline for short periods of time using hot lists and other 
local validation techniques for credit cards, such as the 
expiration date, which would allow them to function when 
used in places with no network coverage such as subway 
cars.

Combine Fare and Train Control Technologies to 
Reduce Subway Crowding and Congestion.
The new fare payment system should be used to help 
reduce crowding by pairing it with a variable pricing 
mechanism. An analysis of variable time of day fares shows 
that peak hour ridership between 8-9am and 5-6pm could 
be reduced by as much as 20% with a variety of fare sched-
ules that lower fares during off peak times and raise them 
in the peak hours. The possibilities of using the fare levels 
to reduce delays in a more geographically refined manner 
are limited only by one’s imagination. To persuade pas-
sengers to divert to a less-crowded subway line or the bus 
during events, the MTA could offer a discount to customers 
in the form of additional trips, reduced fare or a time bonus. 
For example, the MTA could provide a discount for rid-
ers to use the Long Island Rail Road to get to a Mets game 
or Metro North to a Yankees game in an effort to reduce 
crowding on the #7 or the #4 subway lines. This could be 
done in real-time with alerts sent to rider’s mobile devices. 
Similarly, there is potential to provide discounts to encour-
age greater use of the subway lines at Herald Square or 
nearby bus routes (M20, M4, M5 and Q32) for big events at 
Madison Square Garden, to reduce congestion on the 1, 2, 3, 
A, C and E lines. This real- time operational awareness will 
be possible as the MTA deploys wireless internet in all sta-
tions along with other sensing services, and as the agency 
installs central monitoring on the Division B (this is already 
possible on the Division A) and CBTC.
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Make the Subway More Accessible.
New fare technologies make it possible to remove all high 
entrance/exit turnstiles, or HEETS — the floor-to-ceiling 
metal revolving gates — and replace them with either stan-
dard high-capacity turnstiles used elsewhere in the system 
or more modern and accessible fare gates with retractable 
barriers at busy main entrances (Figure 14). Future station 
personnel likely will be roaming rather than assigned to a 
fixed post. These agents, coupled with the introduction of 
fare enforcement officers in the subway with remote valida-
tors, should deter fare evasion.

New Operating Technologies for a Smarter Subway
Technological advances made since the subway was mostly 
completed in the 1930’s have been astounding. Yet, the 
underlying technologies that power the system reflect that 
earlier analog era, not the digital one we live in today. RPA’s 
recommendations would have CBTC installed system-wide 
within the coming decade. This along with the current 
modern wireless communications roll-out will bring the 
system into the digital realm opening new ways of thinking 
of how the subway interacts with its riders and employees 
in the future. Realizing this future requires a new operat-
ing paradigm.

Embrace Benefits of Technology Investments
Technology creates opportunities to run the system in 
different and better ways, but it is often difficult to infuse 
new technology with existing operating protocols. Dur-
ing the implementation of CBTC on the Canarsie line, for 
example, on time performance was limited by the NYCT’s 
pre-existing protocol that called for train operators to walk 
the length of the train after an emergency brake applica-
tion. While this protocol is useful in older trains to deter-
mine the cause of the emergency brake application, the 

CBTC equipment on the Canarsie line is actually capable 
of informing the driver of the cause of the braking. This 
protocol was retained despite the opportunity to capitalize 
on a new technological efficiency, effectively shoe-horning 
the new system into operating procedures designed for a 
different era. 

An FTA study of CBTC on the San Francisco Muni further 
highlights the importance of organizational reforms in 
tandem with the implementation of new train control tech-
nologies. It stated that “Transitioning from a fixed-block 
signaling based train control system to CBTC requires 
a dramatic shift in technological and business practices 
within the transit agency.” The FTA also found that, “Open 
architectures facilitate interoperability between equipment 
from different suppliers and maximize use of commercial 
off-the-shelf equipment.”

Automate the Subway, from One-Person Train 
Operation to Fully Driverless Operation
Under CBTC train operators will no longer drive trains but 
they will monitor them. They will also manage dwell time 
in coordination with conductors, who are still responsible 
for operating the doors. CBTC, while not a requiring one-
person-train-operations (OPTO), further eases the transi-
tion to OPTO because it offers another level of safety over 
the existing fixed-block system.

The subway system should transition to OPTO over the 
next 5-10 years, bringing it in line with most other sub-
way systems around the world. Its fleet is almost entirely 
equipped with transverse cabs that allow train operators to 
view platforms on either side of the train but the MTA will 
need to install cameras and CCTV monitors in stations to 
enable train operators to view the entire length of the plat-
forms — though the monitors could be installed in the cab 
instead with the platform feed transmitted to the trains. 
Empowering the train operator to open and close the doors 
is actually safer since he/she ultimately controls the train’s 
movement. Putting it in the operator’s hands eliminates the 
possibility of miscommunications that can result in safety 
issues and delays. This step will enable the MTA to transi-
tion conductors to stations and to other support positions 
that are more critical.

Eventually, the subways will be able to operate without an 
on-train operator. A driverless subway will save the agency 
billions of dollars annually (labor, maintenance and energy) 
while allowing it to increase service and keep operat-
ing costs in check. Full unattended train operations have 
been implemented around the globe, even in older metros 
like Paris’s Line 1 (Figure 16). Paris has demonstrated that 
driverless metros can more efficiently use existing fleets, be 
more energy efficient and offer greater flexibility, as trains 
can be put in service through a simple click of a mouse 
button. This allows for dynamic increases in service in the 
case of emergency or increased demand. However, operat-
ing without a train operator does not necessarily mean that 

Figure 14: Priority access at 
Hong Kong MTR station
Photo: Richard Barone
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all trains will be unstaffed. The MTA could create a new 
position to provide customer assistance on some or all of 
their trains. These roving train agents could also be cross-
trained to respond to medical emergencies or deal with 
other crises and they could provide fare validation with the 
new fare collection system

To ensure passenger safety, a driverless subway should 
be able to detect track obstructions or seal off access to 
the tracks from the platform. Intrusion detection systems 
(IDS) consist of sensors that alert the CBTC system of track 
obstructions, replacing the eyes of the train operator. As 
mentioned earlier, platform screen doors (PSD) would erect 
a wall of glass and steel between the platforms and tracks, 
preventing objects from entering the tracks. Both options 
have strengths and weakness. IDS are cheaper, but cannot 
stop all track intrusions — like a person jumping or being 
pushed in front of the train. PSD can prevent these trag-
edies, but are more expensive to install and operate, require 
a uniform fleet (placement of doors). Our older stations 
make them complicated to deploy.

Both IDS and PSD should be evaluated. While PSD should 
ultimately be deployed throughout the entire system, IDS 
could be deployed in the intervening years before this 
complex task is accomplished or used in stations where 
the installation of PSD might be infeasible. IDS have been 
proven in places like Vancouver, which does not have a uni-
form fleet. PSD have helped Paris manage crowded stations 
and reduce dwell times.

Another requirement for full automation is a second wire-
less network to extend the reach of public announcement 
and customer information systems to the train in real-time. 
CBTC radios are vital mission-specific devices and do not 

transmit video and audio; the most they can send is a text 
message to the train operator. The ability to communicate 
with customers in real-time is a prerequisite for driverless 
operation.

iSubway, A Demand Responsive Subway
The subway is moving from analog to digital, from manual 
to automated operations but most importantly it’s being 
networked. Cellular and Wi-Fi networks are being installed 
in stations. Fiber optics are being laid to support modern 
train control 34 and the next generation fare payment. Sub-
way cars are full of sensors to measure their performance 
and estimate their occupancy. Stations themselves will be 
(some are already) equipped with such sensors to monitor 
their critical systems and the environment. Networking the 
subway by installing CBTC and then pairing it with other 
sensors and smartphones will allow the subway and riders 
to do things that cannot be imagined today. 

Smartphone adoption in the United States is over 75 per-
cent35 and climbing, and it’s not unreasonable to assume 
that in the not to distant future almost everyone will be 
online through a mobile device. This might be a phone or 
an even a cybernetic implant, something that’s already 
happening today36. These devices identify riders and keep 
a diary of travels when they are used to pay fares as well. 
This will enable the subway to start anticipating where rid-
ers want to go based on travel history and preferences. The 
system will be able to anticipate where riders are destined 

34 RPA. “Moving Forward: Accelerating the Transition to Communications-
Based Train Control for New York City’s Subways”. Web. May 2014.<http://
library.rpa.org/pdf/RPA-Moving-Forward.pdf>.
35 “Mobile Fact Sheet.” Pew Research Center. 5 Feb. 2018. Web. 8 Mar. 2018. 
<http://www.pewinternet.org/fact-sheet/mobile/>.
36 O’Reilly, Tim. “What Will Our Lives Be Like as Cyborgs?” The Atlantic. 
October 27, 2017. Web 8 Apr 2018. <https://www.theatlantic.com/technology/
archive/2017/10/cyborg-future-artificial-intelligence/543882/>.

Figure 16: Paris Metro Line 1, Driverless  
Operation = Views and More Passenger Seating
Photo: Siemens
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when they enter the system. Based on the number of cus-
tomers that want to travel to specific destinations service 
could be customized — made to some degree on-demand — 
through a skip-stop operation or with more service added. 
The skip-stop pattern could also be further refined by com-
bining the data above with the current occupancy (crowd-
ing) of the stations along the line. For instance, a subway 
train running a skip-stop pattern to recover from an 
incident would not skip the next stop if it knew that a large 
number of the train’s occupants wanted to get off there.

In the not to distant future riders could be receiving infor-
mation on subway car crowding so they could self-balance, 
which could also include queuing at station entrance/exists. 
There will also be volumes of data for planners and opera-
tors to mine in real-time that will allow them to adjust 
train and station design and operating practices. Signage 
in stations could also be dynamic and tied into this system, 
closing entrances/exits or diverting passenger flows to keep 
people moving during incidents. With this type of active 
pedestrian management, it is possible to imagine a future 
with little to no congestion or crowding.

With the investments currently underway to wire all the 
stations, implement a new fare payment system and intro-
duce automated train supervision on Division-B, the MTA 
will be able to start piecing together a much more complete 
picture of the operational environment over the next 3-5 
years and start sharing it with its customers. With the full 
installation of CBTC technology, these processes could be 
further automated as networks and devices begin talking 
directly to each other.

The Evolving Role of the 21st Century Subway Worker
As with many industries, technology is changing the activi-
ties and skills needed to run a safe, efficient subway system. 
These changes will make many tasks obsolete, but also 
provide an opportunity for workers to acquire new skills 
and assume greater responsibility for train operations and 
customer service and safety. Adapting to these changes 
will require flexibility and collaboration between labor and 
management, and can benefit from the experiences of other 
systems.

Workers in stations, not on the trains
Today, the subway system has more workers on trains than 
in stations. To better serve its customers, management and 
labor should begin planning to shift conductors to cus-
tomer-oriented services at stations. This new generation of 
station agents should be cross-trained in many areas, from 
train systems to providing medical assistance. Beyond this, 
the agency should explore new roles for their train driv-
ers as it moves towards full automation. These roles could 
include monitoring and remotely operating trains in the 
railway control center — similar to the approach that has 
been taken in Paris.

New York is one of the largest systems in the world that 
still has conductors37. Almost all of its peers have elimi-
nated this position and now have only operators in the cab 
who are responsible for the doors or have completely auto-
mated their trains. London and Paris, both transitioned 
to one-person train operations (OPTO) decades ago; with 
Paris recently converting Line 1 to driverless operation — 
eliminating the train driver completely.

Labor must be a partner in this transformation. Systems 
like Paris have strong unions, yet reached consensus 
between labor and management on how to control costs to 
afford to increase service that responds to growing pas-
senger demand. Train operators and conductors in other 
systems have agreed to transition to roles at stations and 
control centers. Safety should not be dependent on the pres-
ence of a conductor, who is unlikely to successfully control 
and guide up to 1,450 passengers. During emergencies 
riders should (as they are today) be directed to stay in place 
and wait for the arrival of first responders — the FDNY and 
NYPD.

Cross-trained, flexible job roles
The subway workers’ role in the future must be multifac-
eted, as automation will allow a single worker to accom-
plish a far greater number of tasks faster than he/she can 
today. It will also require workers to understand how to 
troubleshoot the technology that they will be relying on. 
Vancouver has been at the forefront of this change. Its 
metro system, the SkyTrain, has been fully automated from 
the start giving them the opportunity to rethink the roles 
of employees that staff their stations.

SkyTrain has never needed conductors or drivers to oper-
ate. However, they have personnel in positions throughout 
the system to respond to events and assist customers. To 
perform these various tasks TransLink, the transit operat-
ing agency in Vancouver has cross-trained station per-
sonnel to respond to train failures, maintain stations and 
interact with customers. The agency successfully negoti-
ated flexible work rules with their union, which created a 
position that — at the time — was unique in the industry. 
Employees are paid higher wages, but are given greater 
responsibilities and required to multi-task. Station person-
nel are trained to empathize with disabled passengers, 
deal with minor vehicle faults, and manually drive trains, 
among other responsibilities. They are typically assigned 
two stations, where they are responsible for maintain-
ing the station environment and customer service. Driver 
training/practice is done in the off-peak to familiarize 
operators with switches, stations and track geometry. 

37 Past efforts to expand OPTO to the L and other services were challenged 
in arbitration by the Transport Workers Union (TWU) in 2005. The arbitra-
tor ruled that converting the L to OPTO would violate a 1994 labor agreement 
between the two organizations. This agreement set criteria that stated OPTO 
could only be implemented on services that run trains less than 300 feet long 
(or about four cars), have low passenger volumes, and only during non-peak 
periods. Unless the MTA and union reach a new agreement the agency will be 
unable to implement OPTO across more than a handful of places in its system.
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Station personnel are also trained to look out for suicide 
attempts, an unfortunate reality that SkyTrain faces 
because it does not have Platform Screen Doors (PSD).

More maintainers for subway cars and stations
The transition to CBTC will mean that subway cars will be 
an integral part of the signal system. Onboard CBTC equip-
ment is critical to the functioning of the subway, similar 
to the car’s brakes and other vital components. This will 
dramatically change the role of signal and car maintainers 
as responsibility for CBTC troubleshooting this part of the 
system becomes part of car maintenance.

Workers that maintain subway cars need to adapt to this 
change, with the support and encouragement of manage-
ment, and provide the same level of service to CBTC equip-
ment as traditional onboard car components. This could be 
facilitated by extending rotations for workers that maintain 
CBTC equipped vehicles to allow them to gain greater 
experience with the new onboard train control equipment.

Accelerating the 
Transformation: Getting 
it Done Faster and 
Reducing Costs
Based on the way the subway is operated and maintained 
today, the plan proposed in this report would take a gen-
eration or more to implement. The city and region cannot 
afford to wait this long. The current crisis dictates that 
modernization and expansion of the subway must hap-

pen at a faster pace to sustain the region’s economy and 
support growth. The city and region also cannot afford to 
waste money to accommodate business as usual. Steps must 
be taken to more rapidly restore reliable service, expand 
system capacity and better maintain our existing infra-
structure.

RPA is recommending a $53 billion 15 year plan that would 
radically transform the subway, as shown in Table 15. This 
equates to an annual need of $3.6 billion, which does not 
include all SOGR backlog or the subway’s annual normal 
replacement costs — estimated at an additional $2-3 billion. 
Also absent are the costs of procuring additional rolling 
stock and installing new power substations that will be 
required to support an increase in subway service. 

Table 15: Funding Need for RPA Modernization Plan
Category Total Annual (15)
Modern Train Control  $27,084  $1,806 

Stations  $21,000  $1,400 

Geometric Bottlenecks  $5,400  $360 

Total  $53,484  $3,566 
Source: RPA Analysis

Along with the funding to support this transformation, 
there are three strategies that when combined would give 
the MTA the space and resources to accomplish the trans-
formation of the subway over the next 10-15 years:

Implement Extended Line Segment Closures
New York City subway riders have become uncomfortably 
accustomed to announcements of late-night and weekend 
track work, the extensive repairs to stations and tunnels 
that disrupt travel overnight during the weekdays and from 

Figure 17: Workers install new CBTC signal case on 
track at Grand Central.
Photo: MTA New York City Transit / Ernesto Ho
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Friday night through Sunday. But as painful as the service 
changes can be, they are essential to keeping the system 
running and upgrading to more modern infrastructure.

It would be much faster and less expensive if the MTA 
could carry out this work in longer stretches, rather than in 
short windows while trains are running. As noted earlier, 
the MTA’s Fastrack maintenance program closes a portion 
of a line completely during consecutive nights for neces-
sary work. While this approach is more efficient and safer, 
a more rapid transformation of the subway will require 
extended closures.

This is nothing new. The MTA has already closed dozens 
of stations for extended periods of time — one the most 
extreme examples was Smith and 9th Street (F and G) that 
was closed for a two-year period as the station and viaduct 
were rehabilitated38. However, the MTA has not closed 
larger segments of the system — instead choosing to focus 
on shuttering stations or tunnels for an extended period 
of time. This is what happened when the agency closed 
the Montague tunnel for 13-months to rebuild the tubes, 
as it operated the R in two segments — Lower Manhattan 
to Queens and a Brooklyn Shuttle39. All of this is about to 
change with the MTA’s plans to close the Canarsie line in 
Manhattan for 15-months starting in April of 2019. For the 
first time in modern history the agency will be terminating 
train service on a 3 route- mile long segment of the system 
in Manhattan and closing all five of its stations along with 
suspending service between Brooklyn and Manhattan.

Extended line segment closures must meet two thresholds 
to be considered viable:

 ⊲ The section proposed for closure would address a 
critical-mass of issues that affect capacity, which could 
include bottlenecks such as aging fixed-blocking sig-
nals, undersized stations, inefficient terminals, and slow 
zones (track geometry bottlenecks), among others. If 
the MTA were to try to address these issues while the 
system was operating it would seriously degrade service 
(e.g. #7 line upgrades).

 ⊲ The segment parallels other subway lines or there is 
sufficient surface roadway capacity (or other modes) 
that could absorb much of the ridership that will be 
affected by the extended service outage.

RPA ranked each of the 35 line segments in the system for 
the first threshold of critical mass issues based on four fac-
tors — number of severe curves, constrained terminals and 
undersized stations and their signals priority score. These 
factors (unweighted) were added together to develop a total 
score for each line, which is shown in Table 16.
38 “MTA | Press Release | NYC Transit | Brooklyn’s Smith-9th Streets F/G 
Station Returns to Service.” MTA. Web. 8 Mar. 2018. <http://www.mta.info/
press-release/nyc-transit/brooklyn%E2%80%99s-smith-9th-streets-fg-sta-
tion-returns-service>.
39 “Mta.info | R Service affected by 14 month closure of Montague Under River 
Tube”. MTA. Web. 8 Mar. 2018.<http://web.mta.info/nyct/service/R_Servi-
ceChanges.htm>.

Out of the 35 segments, 17 were identified as too large and 
would need to be broken up into two or more sub-segments 
to mitigate the impact of an extended closure. Alternatively 
on four-track lines this might include separate closures for 
the local tracks and express tracks.

Out of the top ten scoring lines, seven are in Manhattan 
with the remaining three in Brooklyn or Queens. The 
preponderance of Manhattan lines is due to the high rider-
ship demands at the stations and all along the lines since 
many of these segments are considered major trunks where 
numerous lines merge in the CBD.

Two out of the top ten ranked lines, 8th Avenue IND and 
Queen Blvd IND, are currently in the 2015-2019 Capital 
Plan, with QBL already underway. RPA recommends that 
the MTA explore alternatively closing express and local 
tracks for extended periods to expedite the work, along 
with supplementing the lost service by increasing service 
on adjacent subway lines (6th and 7th Avenues) and imple-
menting a bus rapid transit line on Queens Blvd (and the 
western part of Northern Blvd). When these two lines are 
removed, the remaining top five lines include the Lexing-
ton Avenue Line, 6th Avenue Line, Broadway Line, Astoria 
Line and Broadway — 7th Avenue Line. This report recom-
mends that the MTA explore the following actions to sup-
port extended closures for each of the following lines:

Lexington Avenue Line (East Side of Manhattan)
The Lexington Avenue line is the busiest line in the subway 
system and an extended full closure of it is likely infeasible. 
However, it might be possible to close the local tracks for 
an extended period of time to expedite the upgrades if 
additional service were added to the SAS and a (one-way 
paired) Lexington and 3rd Avenue SBS were implemented. 
Another SBS alternative includes making 3rd Avenue 
bi-directional for its entire length (it already is south of 
24th Street) and operate a two-way SBS down its median. 
Modernization of the Lexington Avenue line is critical to 
support reliable express service from the Bronx to the CBD.

6th Avenue Line (Central/Midtown Manhattan)
This line would come after the 8th Avenue line’s CBTC is 
installed, which should allow the MTA to reroute some 
service from 6th Avenue to 8th Avenue. The MTA could also 
re-route the M back to Lower Manhattan. This would allow 
the agency to shift between extended local and express 
tracks closures. Additional 7th Avenue local service could 
help alleviate demand at major hubs in midtown. Addi-
tional bus service and priority along the 6th and 5th Avenue 
corridors might also be warranted.

Broadway Line (UES/Midtown and Lower Manhattan)
One approach might be to split this line into two segments 
from 59th/Lex to Canal (upper) and Canal to Whitehall 
Street (lower). The lower segment could be closed for an 
extended period for upgrades with the MTA increasing ser-
vice on the #1 and #6. The upper segment would alternate 
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Every weekday, 225,000 passengers ride the L train 
between Brooklyn and Manhattan, with another 50,000 
riding intra- borough in Manhattan and another 125,000 
exclusively in Brooklyn. This line serves as a critical link 
between over a dozen residential communities in Brook-
lyn to jobs in the Manhattan central business district. The 
MTA’s planned closure will strand many of these commut-
ers requiring robust transportation alternatives to replace 
lost service while the tunnel under the East River is closed 
for repairs.

The silver lining to the closure of the L train in Manhat-
tan is that it provides the MTA and City with a once-in-a-
generation opportunity to make big changes. First, it allows 
the MTA and NYCDOT to test new approaches that more 
efficiently use street space in New York City and move more 
people more quickly, and second, it allows the agency to 
upgrade one of its busiest subway lines, improving its reli-
ability and preparing it for future ridership growth.

The additional improvements proposed by RPA would 
benefit all L train riders. In particular, riders from Canar-
sie and Broadway Junction will benefit from the increased 
service and the better transfers to lines along the 14th Street 
corridor. All these improvements might not be completed 
during the 18 month period, with some likely continu-
ing after the tunnels are repaired and service is restored. 
However, the service outage would give the MTA a well- 
needed head start and allow them to complete some of the 
most disruptive (front of house) work while the stations are 
idle. RPA has estimated that these additional investments 
will cost between $880 million to $1.14 billion; these figures 
include the procurement of new rolling stock and other 
upgrades that could be spread over several capital plans.

The MTA will need to complete a more detailed analysis of 
the costs if it pursues this course of action, but it is antici-
pated that this work should be able to be completed at a 
considerable discount due to 24/7 work windows that will 
be available during the shutdown.

All stations should be rehabilitated and brought to a state 
of good repair. Platform doors should be installed at all five 
stations. In contrast to the universal signage that exists 
today, wayfinding should be redesigned to direct riders to 
best alternative and help separate traffic flows. The more 
modern and high-end treatments that the MTA plans to 
debut as part of New York Governor Andrew Cuomo’s sta-
tion rehabilitation program should be implemented at all 
of these five stations as well. Third and 6th Avenue stations 
should also be made ADA compliment with the installation 
of elevators and 8th Avenue terminal should be redesigned 
with tail-end to improve reliability of service along with 
better connections to the A.C.E.

The L train shutdown is an opportunity to go even further 
by dramatically transforming the station environments, 
preparing the L for future growth, and at the same time 
repairing the damaged tubes. If successful, it could create 
an example of how to capitalize on long-term closures else-
where in the system as an efficient means to upgrade the 
subway—a critical proof-of-concept as much of the system 
approaches 100 years old.

Figure 18: L-Train Closure Capital Improvements
Source: Regional Plan Association

The L Train: A Test Case 
for Line Closures
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between the express and local tracks, which would result 
in some service loss during the initial track outage when all 
services run on the available fixed-block signaled tracks. 
However, this might not be the case if the lower segment 
it closed at the same time as the first upper segment track 
closure, since R service could be suspended again as it was 
during the Montague tube outage. There shouldn’t be the 
need for additional surface improvements to support ser-
vice during these closures.

Astoria Line (Northwest Queens)
This would be one of the most complicated lines for an 
extended closure. One option might be to install CBTC (to 
allow bi-directional operation) on the Astoria line’s third 
track and run a reverse peak service. This would require 
riders bound for the 4 out of 6 stations without island 
platforms to transfer at an express station to a bus, take the 
peak direction train back another stop or walk. The out-
board track closures could alternate between the AM and 
PM periods, creating daily extended windows to work on 
the tracks. This would have the added benefit of saving the 
MTA the cost of double-heading the signals on the inbound 
tracks (this wouldn’t be needed on the outbound track since 
CBTC would be bidirectional once it’s installed). While 31st 
Street below the Astoria elevated is constrained, additional 
local bus service and priority lanes should still be explored 
on this street or adjacent (parallel) roadways.

Broadway — 7th Avenue Line (West Side of Manhattan)
Similar to the Lexington Ave Line the Broadway — 7th 
Avenue line is a busy corridor with an oversubscribed 
express service (#2/3). However, unlike the Lex there are 
two clear segments on this line — one from 96th to Cham-
bers Street (lower, with four tracks) and another from 96th 
Street to 242nd Street Van Cortlandt Park (upper, with three 
tracks). The same approach taken for the Astoria line could 
also be applied to the upper segment of the Broadway — 7th 
Avenue line, which would essentially be the inverse of the 
#9 service that once ran on the express center track. The 
lower segment could alternate between extended express 
and local track closures. However, closure of the express 
tracks might require the suspension of some or all #3 ser-
vice or the rerouting of the #2 down the east side to free up 
capacity to support a reasonable level of local and express 
services on a single track. To meet ridership demand the 
MTA would likely need to increase service frequencies on 
the 8th Avenue line along Central Park West, which would 
be upgraded to CBTC first. The agency might also need to 
explore a new SBS on Broadway and 7th/8th Avenues to sup-
port the extended closures.

All of the elements of line segment closures, shown in Table 
18, should ideally be pooled together and bid out as a single 
design-build package. In design-build, which would cut the 
length of the procurement process almost in half, the proj-
ect design and construction are bundled into a single pro-
curement, with both tasks awarded to the same bidder. The 
benefits of design-build go beyond shorting the procure-

ment process. Using a single team incentivizes creativity in 
project design and construction staging in order to increase 
cost savings. The unprecedented access to a shuttered seg-
ment of subway would present contractors with a unique 
opportunity, giving them a blank canvas and unshackling 
designers and construction crews from normal operating 
constraints. This has the potential be an ideal environment 
for design-build.

Extended closures should not be considered lightly as they 
would impact thousands if not hundreds of thousands of 
riders’ daily commutes. Yet, pulling the band aid off quickly 
will save decades, countless billions of dollars and will 
provide substantial service improvements within the life-
time of most that rely on the system today. In a decade, the 
New York City subway could be unrecognizable, rivaling 
its peers around the globe. It has happened in other cities, 
most notably in London and can happen here in New York.

Replace Late Night Weekday Subway Service 
with High Frequency Bus Service
Only a handful of cities aside from New York — Chicago, 
Copenhagen, Minneapolis, Philadelphia and Sydney — run 
24/7 service and in most of these cities it’s not the entire 
system, just one or two lines. These cities also do not have 
the population or even close to the number of stations of 
the New York City subway system. Most of New York’s 
peers run 24/2 service over the weekends. This gives them 
overnight hours during the week to accomplish critical 
maintenance and system upgrades. New York has clearly 
suffered from having inadequate time to maintain its sys-
tem. The MTA has been ratcheting up evening/overnight 
work but as a result has crippled the service that it operates 
during those hours — the same is true during the weekend. 
In response to this poor service riders have been seeking 
alternatives or deciding to travel less. For the first time in 
decades the MTA has reported (2016) a decline in overnight 
and weekend ridership. The agency has also put in place the 
FastTracks program where it terminates overnight service 
on select lines for a single week (Sun-Thurs). This program 
has enabled the MTA to get more work done faster, but it 
clearly has not been enough.

Closing the subways on weeknights and/or for more 
extended time periods would create more opportunities 
for track installation and testing of the equipment—and 
reduce costs. Only 1.5 percent of weekday riders use the 
system between 12:30 am and 5 am, as shown in Figure 
19. The overwhelming majority of people who ride the 
subway during the daytime would benefit from the better, 
more reliable, cleaner and better-maintained system that 
weeknight closures allow. For those weekday night riders 
who now depend on subways to get to and from work and 
other late night activities, frequent high-speed bus ser-
vice should be able to provide an acceptable, even supe-
rior service, for most riders. Late night service is already 
infrequent and unreliable, and buses could run frequently 
on largely uncongested streets. There will undoubtedly be 
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Table 16: Priority List of Subway Line Closures, Determined by CBTC Score and Number of Bottlenecks
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Lexington Avenue Line Yes Manhattan 4  5  6 3 0 7 18 28
8th Avenue Line** Yes Manhattan/Brooklyn A  C  B  D 3 1 7 14 25
6th Avenue Line No Manhattan/Brooklyn B  D  F  M 4 0 4 15 23
Queens Blvd Line** Yes Queens E  F  M  R 4 0 4 15 23
Broadway Line Yes Manhattan/Brooklyn N  Q  R 5 0 2 15 22
Astoria Line No Manhattan/Queens N  Q 3 1 0 15 19
Broadway - 7th Avenue Line Yes Manhattan 1  2  3 0 0 5 14 19
Archer Avenue Line No Queens E  J  Z 0 1 2 13 16
Fulton Street Line Yes Brooklyn A  C 0 0 2 14 16
42nd Street Shuttle No Manhattan S 0 0 1 14 15
Crosstown Line Yes Queens/Brooklyn G 0 0 0 15 15
Nassau Street Loop Line No Manhattan J  Z 0 0 2 13 15
Liberty Avenue Line No Queens A  C 0 0 0 14 14
4th Avenue Line No Brooklyn D  N  R 0 0 1 12 13
Eastern Parkway Line Yes Brooklyn 2  3  4  5 0 0 2 11 13
Lenox Avenue Line Yes Manhattan 2  3 0 0 0 12 12
Myrtle Avenue Line No Queens M 0 0 0 12 12
Rockaway Line Yes Queens A  S 0 0 0 12 12
Jamaica Line Yes Queens/Brooklyn J  Z  M 0 1 2 8 11
Brighton Line Yes Brooklyn B  Q 0 0 1 9 10
Clark Street Line No Manhattan/Brooklyn 2  3 0 0 1 9 10
Jerome Avenue Line Yes Bronx 4 0 0 0 10 10
Pelham Line No Bronx 6 0 0 0 10 10
Nostrand Avenue Line No Brooklyn 2  5 0 0 0 9 9
Sea Beach Line Yes Brooklyn N 0 0 0 9 9
Culver Line No Brooklyn F  G 0 0 0 8 8
Flushing Line* Yes Manhattan, Queens 7 2 1 4 0 7
Concourse Line No Bronx B  D 0 0 0 7 7
Franklin Avenue Line No Brooklyn S 0 0 1 6 7
Second Avenue Line No Manhattan Q 0 0 0 7 7
West End Line Yes Brooklyn D 0 0 0 7 7
White Plains Road Line No Bronx 2  5 0 0 0 7 7
Dyre Avenue Line No Bronx 5 0 0 0 6 6
Canarsie Line* Yes Manhattan/Brooklyn L 3 1 1 0 5
63rd Street Line No Manhattan Q  F 0 0 0 0 0
Notes: * CBTC installed on these lines, ** CBTC installation funded in 2015-2019 Capital Plan 
The top 30 hub stations are disaggregated by line, leading the number of stations listed above to add up to more than 30. Just a part of the station complex 
(hub) might be shut down so that other lines still operate to serve the area. Severe geometry and constrained terminals are based on highest priority for 15 
year plan (27 curves and 4 terminals and the lines they affect). 
Source: MTA, RPA analysis
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some riders, particularly those going long distances, who 
would have longer commutes, but the vast majority of rid-
ers would benefit.

Figure 19: Diurnal Weekday Subway Ridership (2016)
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With trains no longer operating regular service, closing the 
system would allow track workers and signal maintainers 
to setup and work for hours instead of minutes. Empty sta-
tions would give workers the space to undertake the deep 
cleaning that is so desperately needed without having to 
work around riders and focus their energies on responding 
to late night “messes” that occur. It would also grant track 
inspectors and automated inspection vehicles free range of 
the system to identify problems before they happen.

It will be essential to provide riders with an alternative to 
24/7 service, one that would be more frequent and reli-
able than the overnight subway service they have today. 
The MTA would need to institute surface bus routes that 
approximated the routing and stopping patterns of the 
subway lines they replaced. During the overnight hours the 
streets of New York are far less congested, but the agency 
should still provide queue jumps if needed and other forms 
of preference to ensure that the service is reliable. This 
overnight or “Owl” service must be more frequent than 
typical overnight service with headways of 10-15 minutes. 
The Owl will also serve the secondary function of trans-
porting MTA workers (including train crews) to various 
MTA facilities (depots, yards and terminals) when the 
subway is not running.

Eliminating 24/7 service does come with some initial 
upfront costs, which include:

 ⊲ Adding gates to all subway station entrances. Not all 
station entrances are gated. The MTA should also 
explore ways of automating the closures so they will not 
be as labor intensive at larger stations.

 ⊲ Increasing yard capacity to ensure sufficient space to 
store all trains and/or designating parts of the system 
for rotating linear storage.

The improved bus service shouldn’t require the MTA to 
procure additional buses since overall overnight bus ser-
vice will be less frequent and still operate fewer routes than 
during the daytime. While there would likely be slightly 
higher operating costs for bus drivers (even with the sav-
ings of the overnight subway crews), the productively 
increase and maintenance savings, along with the ability 
to do preventive maintenance at stations through deeper 
cleanings and addressing leaks, will save the MTA far more 
in the long-run than the initial capital outlay and bus ser-
vice operating costs.

Empower Business Improvement 
Districts (BID) to Maintain Stations
Business Improvement Districts (BID) have taken on the 
responsibility of maintaining much of the public realm in 
Manhattan and parts of Brooklyn, Queens and the Bronx. 
This not only includes cleaning sidewalks and plazas and 
emptying trash cans, but also undertaking capital projects 
and programming. These activities should be extended 
underground to include pedestrian passageways and sub-
way stations.

Subway stations are the front door to the businesses that 
are located at the surface. Most of their employees and 
visitors pass through them. Without the subway their 
business would not function. Adding the resources of the 
BID, along with overnight closures, would provide the 
time and resources to truly transform stations. Having the 
BID do basic maintenance like trash and cleaning, would 
leave more time overnight to address more serious station 
maintenance tasks. Furthermore, with the stations in major 
business districts maintained by BID funding the MTA 
would divert more resources to those neighborhood sta-
tions in the other four boroughs that are mostly outside of 
commercial districts and do not have a BID.
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The proposals in the previous section would fix and 
modernize the existing subway network on an accelerated 
15-year time frame. However, they would not extend ser-
vice to people and places that need rapid transit but don’t 
currently have it. Nor would they provide enough capac-
ity on their own for all the growth the city and region can 
expect in the coming decades. Addressing these needs will 
require new lines and added capacity on existing lines, and 
will need to be implemented over a longer time frame.

There are three types of corridors that require attention: 
a) those where capacity will be addressed with CBTC as 
covered earlier in RPA’s 15 year plan to transform the sub-
way; b) those where CBTC improvements will still leave the 
existing subway serviced overcrowded but a combination of 
service changes, targeted expansion and other modes, such 
as RPA’s Trans-Regional Express (T-REX), could address 
capacity needs, and c) those for whom targeted expan-
sion of the subway network is needed to bring rapid transit 
service to places with no subway service, but high enough 
population densities to support new subway services while 
also serving areas with low and moderate incomes.

Capacity in other areas in the city will also be supple-
mented by improvements to the surface transportation 
system which is detailed further in companion reports 
entitled, Trans-Regional Express: From Commuter to 
Regional Rail and Upgrading Surface Transit in the Region: 
New Connections and Services. This includes RPA’s long 
proposed circumferential Triboro Line that would run 
from Bay Ridge to Co-Op City through Brooklyn, Queens 
and the Bronx.

Figure 20 shows the extent and location of the T-REX 
and Triboro proposals. The subway proposals below are 
intended to complement and integrate with this expanded 
rail network.

Corridors to be Served 
with Added Capacity
While CBTC will add capacity to almost all of New York’s 
subway lines once it’s installed — some lines will receive a 
greater boost than others due to the number of bottlenecks 
that impede the throughput of trains. Yet, CBTC alone will 
be insufficient to address some of the city’s major corridors 
where demand will be rising substantially by 2040. Addi-
tional actions will likely be needed in these cases. Four out 
of the five boroughs will experience capacity constraints 
along major subway corridors. These are:

 ⊲ Lexington Avenue ( 4, 5, 6) and Broadway/7th Avenue 
Corridors (2, 3) in Manhattan

 ⊲ Brighton (Q/B), West End (D), Jamaica Line (J/M) and 
Culver Line Corridors (F) in Brooklyn

 ⊲ Astoria (N/W), Flushing (7) and Queens Blvd Line Cor-
ridors (E,F, M and R) in Queens

 ⊲ Jerome Avenue Corridor (4) in the Bronx

In Manhattan the demands are greatest on two of its oldest 
lines that serve the east and west sides of the island, with 
significant demand for CBD bound travel. Both Queens and 
the Bronx indicate substantial future growth in inbound 
CBD trips. Only Brooklyn does not. However, the demand 
for travel within the borough and with its neighboring 
borough Queens will be very strong. Each of these corri-
dors will require concerted actions to address anticipated 
growth.

Lexington Avenue (4, 5, 6) and Broadway/7th 
Avenue Corridors (2, 3) in Manhattan
The east side of Manhattan is forecast to have the great-
est need by 2040, exceeding the capacity afforded by 
CBTC alone. While capacity in these two corridors will be 
increased due to its installation, new train control technol-
ogy will mostly allow for a substantial jump in service on 
the #1 and #6 local services — less so on the four expresses 
(2, 3, 4, 5), especially on the Lexington line which already 
schedules 29 trains per hour (tph) in the peak. Phase 2 of 
the Second Avenue Subway from 96th to 125th Street along 
with Phase 3 of T-REX, with super-express Metro service 

Part III. New Capacity 
and Better Access.
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along the 3rd Avenue Corridor from 57th Street to the Bronx 
with stops in midtown, 86th Street and 125th Street should 
be more than sufficient to address the increased demand on 
the east side. On the west side the conversion of the Amtrak 
line that runs beneath Riverside Park up to the Hudson 
line to super-express Metro service would provide addi-
tional capacity for this part of Manhattan. Service changes, 
described earlier in the “untangle service” section, on the 
8th Avenue line along with CBTC would open up even more 
capacity on the west side as well.

Brighton (Q/B), West End (D), Jamaica Line (J/M) 
and Culver Line Corridors (F) in Brooklyn
Many of these lines suffer from infrequent service today, 
with headways greater than two minutes in the peak. 
CBTC along with service simplification will help solve the 
demands placed on the Brighton and West End Lines. This 
could be done by eliminating the B to create more capac-
ity on the 6th Ave line for the D in Manhattan and enable 
more reliable single service on the Brighton line as well as 
increase service on the West End line. The F service could 
be substantially increased (doubled) if the M along the 6th 

Avenue line were eliminated and instead rerouted back 
to Lower Manhattan, leveraging existing unused express 
tracks in Brooklyn and untapped capacity in the 63rd Street 
tunnel, while also further eliminating merging conflicts. 
The Jamaica line would be supplemented by the T-REX 
Atlantic line that parallels about half of this corridor. The 
super-express Metro service would provide quick service 
to those from Broadway Junction onward to downtown 
Brooklyn and Midtown Manhattan. The long proposed 3rd 
track extension could also be constructed to further add 
capacity to the Jamaica elevated (J/Z) line.

Astoria (N/W), Flushing (7) and Queens Blvd 
Line Corridors (E,F, M and R) in Queens
These corridors will receive the greatest capacity benefits 
from the T-REX. The Crosstown/Main Line will supple-
ment most of the Queens Blvd line which will also benefit 
from CBTC that is currently being installed. The same 
is true with the Flushing line, which will be equipped 
with CBTC and will be paralleled by the Crosstown/Port 
Washington line. Metro super-express service will be 
frequent along both of these corridors, with headways of 

Figure 20: T-REX Metro and the Triboro in New York City
Source: Regional Plan Association
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Figure 21: Composite Map with 
T-REX and Triboro Proposals
Source: RPA Analysis, American Commu-
nity Survey 2015
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2-5 minutes, and afford riders quick access to both the east 
and west sides of Manhattan. However, the Astoria line is 
projected to have the greatest jump in CBD and non-CBD 
travel of all lines in Queens. To address anticipated growth 
RPA recommends simplifying the service — routing the R 
and N via the local tracks in Manhattan and terminating 
both services at a new terminal less than a mile north of the 
current terminus at Ditmars Blvd, a very different pro-
posal than the aborted train service to LGA airport which 
would have run east down the center of Ditmars Blvd. The 
current elevated two track stub-end terminal is inefficient 
and unable to reliably maintain the frequent service that 
Astoria will need. By extending the Astoria line north to 
an existing industrial area (which could be redeveloped in 
the future) the MTA will be able to add storage for trains 
and build a facility that can more quickly process trains and 
passengers and respond to incidents — it will also improve 
access to the northern part of Astoria. The extension 
should be constructed using the latest techniques such as 
concrete viaducts with a lighter footprint that also damp-
ens vibrations and noise compared to the existing elevated 
steel structures.

Jerome Avenue Corridor (4) in the Bronx
The only subway corridor in the Bronx indicating signifi-
cant growth is Jerome Avenue. As stated earlier, the instal-
lation of CBTC will help improve reliability and effective 
capacity of the #4/5 but it alone will not add substantial 
capacity. Adjacent to the Jerome Ave line is the Concourse 
line. In some places they are just a few hundred feet apart. 
Currently, the three-track line Concourse line is using only 
a part of its capacity (about a third when the rush-hour 
B service is not running), even under the existing fixed-
block signal system, because of constraints along Central 
Park West. Capacity could also be increased if the Second 
Avenue Subway were extended a short distance of two 
miles into the Bronx and connected to the Concourse line, 
bringing additional east side and midtown (crosstown) 
service to residents in this part of the Bronx.

Serving the Rapid 
Transit Deserts
The final series of interventions address areas of the city 
that are completely unserved or poorly served by rapid 
transit today, in all five boroughs. RPA’s Trans-Regional 
Express (T-REX) fills in some of these areas, especially 
parts of Queens and the Bronx and so does the Triboro line 
and other surface transit solutions recommended in the 
Fourth Plan. However, large swaths of unserved areas still 
remain where new lines or extensions of the subway will be 
needed.

To identify places that require additional subway invest-
ments RPA used the same composite maps created to high-
light the transit deserts and overlaid the T-REX and Tri-
boro line. Figure 21 shows the remaining areas that would 
benefit from interventions. RPA suggests improvements for 
places that met all three criteria — high density, low income 
and underserved — and also places that were both dense 
(meeting the threshold for rapid transit) and uncovered. In 
some instances, other investments aside from the subway 
were identified and are noted. There are also some excep-
tions where new lines were recommended to open up new 
housing and employment opportunities and to increase 
line capacity. The following borough by borough analysis 
highlights RPA’s recommendations for improving access for 
these unserved and/or underserved communities.

The Bronx
Third Avenue in the Bronx is one of the more poorly served 
communities in the city. It meets all criteria but does not 
have a rapid transit line. Its density is a result of the origi-
nal Third Avenue elevated line that ran along the corridor 
until it was demolished in the 1970’s. The T-REX helps 
solve this problem by converting Metro-North’s adjacent 
commuter rail line to a rapid transit service by adding a 5th 
track (in a tunnel) to allow a substantial increase in local 
service while still supporting zone express commuter ser-
vice. While RPA is not recommending new subway lines in 
the Bronx, there are several places that require additional 
investments even with the T-REX and the Triboro line that 
will serve Co-op City:

SAS Phase 2C, Bronx Extension to Grand Concourse Line. 
The Second Avenue Subway could be extended from its 
current terminus at 96th Street to the Grand Concourse line, 
with a new stop at 149th Street to connect with the 2, 4 and 
5 and with T-REX. Extending the Second Avenue Subway 
to the Grand Concourse would increase service on the 
underutilized line, and provide Bronx residents with bet-
ter access to jobs on the east side of Manhattan. The only 
downside to this option is that it would place limits on how 
much D/B service could be increased from the west side.

Northeastern SBS/BRT. In the Allerton and Williamsbridge 
neighborhoods in the northeastern section of the borough, 
the area between White Plains Road and Dyre Avenue lines 
is outside of a reasonable walking distance. RPA recom-
mends an SBS on Laconia Ave and improved crosstown 
connections to the subway and T-REX.

Southeastern SBS/Streetcar. Soundview, Classon Point 
and Castle Hill are some of the poorest served areas in the 
Bronx. RPA’s 4RP surface transit recommendations include 
a possible streetcar service to Soundview via Hunts Points, 
along with various bus service improvements.
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Figure 22: Recommendations,  
Subway Lines and Extensions
Source: Regional Plan Association
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T-REX, Additional Stations. There are three neighborhoods 
along the T-REX corridors that are poorly served because 
stations do not exist or are poorly placed. RPA recommends 
adding infill stations in Highbridge along the Hudson Line 
and Claremont Village along the Harlem line and shifting 
the Tremont station several hundred feet north closer to 
180th Street to better serve the Belmont neighborhood.

Queens
Large parts of Queens are unserved by the subway system, 
yet several of these transit deserts, including southeastern 
and northeastern parts of the borough, have commuter 
rail stations that are lightly used by city dwellers due to 
their infrequent and expensive service. The T-REX would 
introduce a frequent and affordable Metro (super-express 
subway-like) service along these existing commuter lines 
and add 8 new stations, improving access to the neighbor-
hoods such as Elmhurst, Corona, Rego Park, Rochdale, 
Brookville and South Jamaica. The Triboro circumferential 
line would provide service to places such as Middle Village 
and Glendale, connecting to the Crosstown T-REX lines 
at Winfield Junction and the Manhattan Spine/Atlantic 
line at East New York. While the T-REX and Triboro will 
do much to address transit deserts in Queens, there would 
still be substantial coverage gaps that could be filled by new 
subway lines and extensions.

Northern Blvd Line. The neighborhoods of Jackson Heights, 
North Corona, North Flushing, Mitchell-Linden and 
College Point would benefit from the construction of the 
Northern Boulevard Line (NBL). The new line would run 
from 36th Street and Northern Boulevard to Willets Point, 
a distance of 3.7 miles, where it could continue further 
east to serve North Flushing and Mitchell-Linden or turn 
north to pass under Flushing Bay to College Point. The 
NBL would extend the existing tunnel at 36th Street and 
Northern Boulevard that is used by the F train to connect 
to the QBL service. This proposal recommends continuing 
the tunnel under Northern Blvd — either beneath the QBL 
express tracks or to widen the right-of-way to four-tracks 
(bookending the E). The new route would be shared with 
the QBL express until Northern Blvd and Broadway, where 
a new lower level could be constructed under the existing 
Northern Blvd station and the service would then continue 
east on a new alignment. This service could be the F, which 
could run along the NBL via the 63rd Street tunnel. Addi-
tional service changes in Manhattan (as noted earlier in the 
untangled services section of the report) would be needed 
to accommodate this new routing. Another option could 
involve routing the currently unnamed SAS service that 
would run south of 63rd Street to Lower Manhattan with 
the T to the NBL via the 63rd Street tunnel. This routing 
would solve the “capacity gap” created by running the Q 
along the northern segment of the SAS, which limits the 

frequency of service on lower half of the line.1 By proceed-
ing with this line, the SAS can be effectively extended 
south to lower Manhattan and its capacity fully used. If the 
junction at 36th Street is designed properly it should have no 
impact on QBL services or capacity.

Jewel Ave Line. RPA has advocated for the Jewel Avenue 
line for decades, most recently in its 2008 report Tomor-
row’s Transit: New Mobility for the Inner Urban Core. This 
5.7 mile new line would bring service to the transit desert 
of Fresh Meadows in Central Queens, bookending the new 
T-REX Metro service along the LIRR Mainline in Hollis 
and Queens Village. The local tracks of the QBL would be 
extended under Jewel Avenue east of 67th Street station, 
making Forest Hills an express stop only (a destination that 
will also be served by the T-REX). Station spacing along 
Jewel Avenue would be similar to the SAS with one mile 
separation to balance access and speed. The terminus of 
the line would be by Alley Pond Park, opening up subway 
access to the second largest park in Queens2.

Astoria Line Extension. As noted earlier, ridership on the 
Astoria line (N/W) is ranked high for growth in both 
intra-borough trips and CBD bound travel. To accom-
modate this demand the line will require a new terminus 
and yard capacity/train storage to increase its service and 
sustain headways. Just a third of a mile north of its exist-
ing two-track stub-end (with no train storage) terminus 
on the northern side of Ditmars Blvd along 20th Street is an 
industrial area that could support a storage yard. The Asto-
ria line should be extended to this area where a new yard 
would be constructed that would feed the line, the exten-
sion could then turn west towards the East River to cover 
a part of Astoria that is dense and currently underserved. 
It would also place the line within a third of a mile walk 
from Astoria Park which could eventually have access to 
Randalls/Wards Island via pedestrian crossing below the 
Hell Gate Bridge. This short new extension would be only 
0.8 miles but would significantly upgrade line capacity and 
reliability.

Manhattan
Unlike the other boroughs, most of Manhattan’s popula-
tion is within walking distance to the subway. The T-REX 
will further reinforce several of its busier corridors while 
also improving coverage for the edge of the upper west side, 
crosstown mobility at 57th and Houston Streets and the east 
side along the 3rd Avenue corridor. Also, the planned exten-
sions of the Second Avenue Subway north of 96th Street to 
125th Street and potentially south of 63rd Street through 
1 To save costs the MTA eliminated the third track at the 72nd Street station 
which would have been used to turnback Q service and allow for more robust 
T service along the entire length of the line. Without this capability service on 
the lower half of the SAS (below 63rd street) will be limited by the combined 
headways of the Q and T on the northern segment.
2 “Alley Pond Park.” Alley Pond Park Highlights : NYC Parks. Web. 12 Mar. 
2018. <https://www.nycgovparks.org/parks/alley-pond-park/history>.
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midtown to Hanover Square in Lower Manhattan would 
cover East Harlem and parts of Lower East Side. Yet, there 
are a handful of places that would still lack sufficient cover-
age, including the Midtown’s Far West Side, especially 
north of 42nd Street, and the Lower East Side (east of Ave 
A). The following details two subway extensions that would 
cover poorly served areas and/or open up parts of Manhat-
tan for additional development and one additional SBS line 
that would improve access to one of Manhattan’s poorest 
neighborhoods.

SAS Phase 2B, Crosstown 125th Street. The SAS should 
be extended in three phases, the first phase (2A) that is 
already planned north from 96th Street to 125th Street and 
Park Avenue followed by a second phase (2B) proposed by 
RPA that would continue the line crosstown to Broadway, 
a combined distance of three miles. This would cover the 
underserved lower income neighborhoods of East Harlem 
and Harlem. It would connect to 7 subway lines (4 stations), 
the T-Rex at 3rd Avenue and the 125th Street Metro-North 
station. The extension should also include a bellmouth at 
125th Street and 2nd Avenue for the extension of the SAS two 
miles to the Concourse line in the Bronx (2C) described in 
the Bronx section earlier.

Houston SBS via Avenue D/LES. Diverting one of the exist-
ing subway lines or constructing a new one to better cover a 
poorly served one half-mile portion of the LES is infeasible. 
However, action needs to be taken to serve this densely 
populated area. The MTA’s plans for a new entrance at 
Avenue A for the L line, an earlier RPA recommendation, is 
a positive step to extending the commuter shed of existing 
stations to the LES — an action that should also be explored 
at the Delancey /Essex Street (F, M, Z) station as well. The 
agency and city should also implement SBS on Houston that 
would run along a reconstructed median and turn up Ave-
nue D to 13th Street and then turn down Avenue C back to 
Houston. It would connect LES residents to 5 subway lines 
(2 stations) and the new T-REX station. This new service 
could replace the existing M21 and/or M14D bus routes.

#7 Extension to Chelsea and Meatpacking District. The #7 
line currently continues from its terminal at 34th Street to 
25th Street to accommodate long tail-end tracks for train 
storage. To improve access to the underdeveloped area of 
Chelsea and Meatpacking, RPA proposes extending the line 
on a gradual diagonal from 25th Street and 11th Avenue to 9th 
Avenue and 14th Street, with a Station at 25/23rd between 
11th and 10th Avenues. The new 14th and 9th Avenue station 
would need to be placed at a depth to avoid the L line’s new 
tail-end tracks that would extend beyond 9th Avenue. A 
subterranean pedestrian corridor would connect the L and 
#7 along 14th Street between 8th and 9th Avenues. This new 
connection would open up a variety of new trip pairings 
and improve access to the Hudson River waterfront from 
all origins in the city. After the new terminus at 14th Street 
the line would extend down Hudson Street to 11th Street to 
restore the tail-end tracks.

Brooklyn
The borough of Brooklyn has experienced a period of 
explosive growth over the past two decades, with much 
of this growth being concentrated around already transit 
accessible areas of northwestern Brooklyn. However, as 
these places become more crowded and less affordable new 
residents are shifting to neighborhoods further to the east 
and south such as Crown Heights, Brownsville, East New 
York, Flatbush, Midwood and the Flatlands, among oth-
ers. The T-Rex Atlantic line would provide supplemental 
capacity for some of these neighborhoods, but not to others. 
The Triboro’s impact would be mostly felt in part of the 
Flatlands, Canarsie, Midwood, Borough Park and Sunset 
Park. While these two services would improve access, they 
would still leave several southeastern corridors in Brooklyn 
unserved in East Flatbush, Flatlands, Marine Park, Mill 
Basin and Sheepshead Bay.

T-REX, Additional Stations. Two additional stations should 
be considered for the T-REX Atlantic line, one at Buffalo 
Ave to better serve Crown Heights and another at Lefferts 
Boulevard to provide express access to Richmond Hill. The 
new station at Richmond Hill would provide a much faster 
option for riders of the slow Jamaica line (J,Z), with the 
only alternative being the A train at Lefferts Boulevard sta-
tion over a mile away and offering very infrequent service.

Utica Avenue Subway. A new subway line should be con-
structed under Utica Avenue, from Eastern Parkway to 
Flatbush Avenue. This four-mile line would connect with 
the Eastern Parkway line, extending the #4 down the new 
subway from its current terminus at the Utica station. The 
Utica Avenue subway would bring or improve rapid transit 
service to the neighborhoods of Crown Heights, East 
Flatbush, Flatlands, Marine Park and Mill Basin. It would 
also provide subway access to the open spaces of Marine 
Park and Floyd Bennet Field. Several of these neighbor-
hoods are already served by express buses, but this service 
is limited to the peak-period direction and must contend 
with surface congestion in the major employment centers 
it’s destined for. Replacing express buses with a subway line 
would introduce better connectivity to the rest of the city 
and a more robust schedule throughout the day and reduce 
surface congestion in the core. The Utica Ave proposal has 
been on the books for a very long time, RPA most recently 
referenced it in its report Tomorrow’s Transit: New Mobil-
ity for the Urban Core. Currently the City of New York has 
funded the MTA to study this line and the agency should be 
releasing its assessment over the coming year.

Nostrand Avenue Extension. The Nostrand Avenue line 
should be extended 2.7 miles south to Avenue Y. This short 
extension would enable the subway (2, 5) to cover the 
remaining portions of the Flatlands, Midwood, Marine 
Park and Sheepshead Bay. A more direct path to Marine 
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Park/Floyd Bennett Field would be possible if a pedestrian/
bike bridge was constructed over Shell Bank Creek con-
necting Ave Y with Channel Ave.

Staten Island
Extensions of rapid transit to and on Staten Island repre-
sent a conundrum. Staten Island is often given too little 
attention when it comes to transit expansion because the 
borough’s population density and five-mile water separa-
tion from Manhattan has made it difficult to justify large 
capital expenditures to link transit services to the rest of 
the city. The most reasonable options to supplement the 
infrequent ferry service to Lower Manhattan and the 
express buses (using the highway network on Staten Island 
and Brooklyn) are confined to upgrading bus service on 
I-278 and extending the proposed Triboro system to Staten 
Island via a new tunnel under the Narrows, integrating the 
SIRT operation into the Triboro line, illustrated in Fig-
ure 23. This option would directly connect passenger and 
freight rail service from geographic Long Island to Staten 
Island for the first time3. SIRT users would able to have 
one–seat rides to various parts of Brooklyn, Queens and 
the Bronx and connect to over a dozen subway service and 
regional rail. As the RPA recommendations take place, and 
should Staten Island grow further, further bus improve-
ments on I-278 corridor along with the Narrows tunnel 
alternative should be considered.

3 The freight service would continue along the north shore to the Arthur Kill 
lift bridge to New Jersey, via Howland Hook.

The Cost of Expansion
RPA is recommending 11 subway expansion projects that 
would cost $44 billion over 30-40 years. Eight of these 
extensions or $31 billion are new RPA proposals, the 
remaining are projects are already planned. These are 
high-level cost estimates based on existing cost structures. 
The unit construction costs of local rail projects were used 
to cost out the subway extensions. The elements of the cost 
include civil construction works (70%) along with admin-
istration, indirect, design and engineering and project 
management costs (25%). The only adjustment made over 
today’s capital costs was the use of a lower contingency 
of 5%, per RPA’s work on construction costs in which a 
lower contingency was recommended. These costs could 
be further reduced with the recommendations for deliver-
ing projects faster for less as outlined RPA’s Building Rail 
Transit Projects Better for Less.

Figure 23: Recommendations  
for Staten Island
Source: Regional Plan Association

Regional Rail Lines

Freight Corridors
New Freight Connections
Shared Freight & Passenger Service

Major Roads
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72 St (Q) Second Avenue Line 1 1 Yes Yes 4 - - - - -
86 St (Q) Second Avenue Line 1 1 Yes Yes 4 - - - - -
96 St (Q) Second Avenue Line 1 1 Yes Yes 4 - - - - -
1 Av (L) Canarsie 1 1 No No 4 7,660,896 23,195 32,170 115% 45
103 St (1) Broadway-7th Ave 1 1 Yes No 5 4,290,142 13,246 16,603 14% 2649 183
103 St (6) Lexington 1 1 Yes No 2 4,336,922 13,994 13,963 22% 6997 25
103 St (B,C) 8 Avenue 1 2 Yes No 3 1,481,660 4,776 4,817 41% 1592 299
103 St-Corona Plaza (7) Flushing 1 1 Yes No 4 6,504,644 20,282 24,283 67% 5071 56
104 St (A) Liberty 1 1 Yes No 2 626,547 2,189 1,232 21% 1095 363
104 St (J,Z) Broadway Jamaica 1 2 Yes No 2 850,903 2,758 2,686 41% 1379 331
110 St (6) Lexington 1 1 No No 4 4,196,711 13,341 14,600 55% 3335 133
111 St (7) Flushing 1 1 Yes No 3 3,753,756 11,421 15,324 64% 3807 109
111 St (A) Liberty 1 1 Yes No 4 561,857 1,947 1,192 -29% 487 410
111 St (J) Broadway Jamaica 1 1 Yes No 2 805,255 2,607 2,566 29% 1304 338
116 St (2,3) Lenox 1 2 No No 4 3,874,037 12,090 14,435 450% 3023 157
116 St (6) Lexington 1 1 No No 4 5,336,694 16,707 19,733 68% 4177 88
116 St (B,C) 8 Avenue 1 2 No No 4 2,276,196 7,417 7,077 83% 1854 267
116 St-Columbia University (1) Broadway-7th Ave 1 1 Yes No 5 4,797,152 15,861 13,853 31% 3172 145
121 St (J,Z) Broadway Jamaica 1 2 Yes No 4 794,687 2,500 2,872 60% 625 399
125 St (1) Broadway-7th Ave 1 1 Yes No 4 2,524,125 7,794 9,797 28% 1949 247
125 St (2,3) Lenox 1 2 No No 4 4,989,981 15,719 17,940 272% 3930 100
125 St (4,5,6) Lexington 1 3 Yes Yes 5 9,431,163 30,024 32,501 74% 6005 41
125 St (A,B,C,D) 8 Avenue 1 4 Yes Yes 6 9,603,878 29,423 38,587 90% 4904 61
135 St (2,3) Lenox 1 2 No Yes 4 4,867,017 15,446 16,887 173% 3862 103
135 St (B,C) 8 Avenue 1 2 No No 6 1,731,460 5,785 4,743 67% 964 370
137 St-City College (1) Broadway-7th Ave 1 1 No No 4 4,564,432 14,460 16,055 22% 3615 119
138 St-Grand Concourse (4,5) Jerome 1 2 Yes No 3 - 3,532 3,123 72% 1177 353
14 St (A,C,E)/8 Av (L) Comb 2 4 Yes Yes 10 14,572,075 44,680 58,605 120% 4468 72
14 St (F,M,1,2,3)/6 Av (L) Comb 3 6 Yes No 20 16,118,952 50,692 59,127 41% 2535 191
14 St-Union Sq (L,N,Q,R,4,5,6) Comb 3 7 Yes Part. 12 34,289,822 106,718 130,777 67% 8893 9
145 St (1) Broadway-7th Ave 1 1 No No 3 3,328,994 10,039 14,015 57% 3346 132
145 St (3) Lenox 1 1 No No 4 1,086,105 3,590 3,133 265% 898 377
145 St (A,B,C,D) 8 Avenue 1 4 Yes No 6 7,949,593 24,604 30,729 69% 4101 91
149 St-Grand Concourse (2,4,5) Jerome 1 3 Yes No 4 4,381,900 14,460 12,797 81% 3615 120
15 St-Prospect Park (F,G) Culver 1 1 Yes No 6 1,958,444 6,342 6,272 37% 1057 366
155 St (B,D) Concourse 1 2 Yes No 1 1,308,981 4,052 4,996 37% 4052 93
155 St (C) 8 Avenue 1 1 Yes No 6 881,431 2,733 3,368 48% 456 412
157 St (1) Broadway-7th Ave 1 1 No No 4 3,542,519 10,928 13,735 47% 2732 175
161 St-Yankee Stadium (B,D,4) Comb 2 3 Yes Yes 16 8,784,407 26,947 35,171 40% 1684 285
163 St-Amsterdam Av (C) 8 Avenue 1 1 No No 3 1,450,668 4,513 5,471 68% 1504 312
167 St (4) Jerome 1 1 Yes No 4 3,179,087 9,972 11,579 54% 2493 196
167 St (B,D) Concourse 1 2 Yes No 6 3,365,748 10,439 12,775 61% 1740 276
168 St (A,C,1) Comb 2 3 Yes Part. 7 8,217,661 25,879 29,950 61% 3697 113
169 St (F) Queens Boulevard 1 1 Yes No 8 2,787,763 9,016 8,924 24% 1127 357
170 St (4) Jerome 1 1 Yes No 3 3,038,777 9,514 11,161 63% 3171 146
170 St (B,D) Concourse 1 2 Yes No 5 2,317,558 7,225 8,633 48% 1445 320
174 St (2,5) White Plains Road 1 2 No No 4 2,411,413 7,690 8,183 92% 1923 253
174-175 Sts (B,D) Concourse 1 2 Yes No 4 1,752,387 5,519 6,280 41% 1380 330
175 St (A) 8 Avenue 1 1 Yes Yes 7 4,049,645 13,377 11,504 38% 1911 258
176 St (4) Jerome 1 1 Yes No 2 2,036,529 6,378 7,459 60% 3189 143
18 Av (D) West End 1 1 Yes No 3 2,003,777 6,413 6,681 64% 2138 227
18 Av (F) Culver 1 1 Yes No 4 1,344,286 4,440 3,787 29% 1110 360
18 Av (N) Sea Beach 1 1 Yes No 2 723,187 2,266 2,602 -4% 1133 356
18 St (1) Broadway-7th Ave 1 1 No No 6 2,687,128 8,903 7,759 23% 1484 314
181 St (1) Broadway-7th Ave 1 1 Yes No 2 3,772,385 11,578 14,919 52% 5789 46
181 St (A) 8 Avenue 1 1 Yes No 5 3,459,170 11,294 10,509 39% 2259 216
182-183 Sts (B,D) Concourse 1 2 Yes No 4 1,682,092 5,177 6,574 37% 1294 340
183 St (4) Jerome 1 1 Yes No 3 2,071,316 6,443 7,786 45% 2148 226
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190 St (A) 8 Avenue 1 1 Yes No 2 1,460,194 4,748 4,546 50% 2374 204
191 St (1) Broadway-7th Ave 1 1 Yes No 2 2,730,419 8,545 10,023 51% 4273 83
2 Av (F) 6 Avenue 1 1 Yes No 4 5,772,537 17,059 26,234 86% 4265 85
20 Av (D) West End 1 1 Yes No 4 1,656,437 5,268 5,656 35% 1317 336
20 Av (N) Sea Beach 1 1 Yes No 1 409,416 1,348 1,176 -45% 1348 332
207 St (1) Broadway-7th Ave 1 1 No No 4 2,148,169 6,562 8,673 83% 1641 289
21 St (G) Crosstown 1 1 Yes No 3 580,065 1,735 2,528 156% 578 402
21 St-Queensbridge (F) 63rd Street 1 1 Yes Yes 5 3,009,540 9,779 9,460 368% 1956 246
215 St (1) Broadway-7th Ave 1 1 No No 4 636,441 2,001 2,342 42% 500 408
219 St (2,5) White Plains Road 1 2 Yes No 2 1,049,128 3,423 3,200 53% 1712 280
225 St (2,5) White Plains Road 1 2 Yes No 3 1,365,544 4,408 4,403 64% 1469 316
23 St (1) Broadway 1 2 No No 8 4,703,374 15,062 15,941 31% 1883 262
23 St (6) 8 Avenue 1 2 Yes Yes 11 8,539,378 29,452 19,249 19% 2677 180
23 St (C,E) 6 Avenue 1 2 No No 8 7,543,246 24,569 23,549 63% 3071 152
23 St (F,M) Broadway-7th Ave 1 1 No No 4 8,989,195 31,078 19,973 78% 7770 18
23 St (N,R) Lexington 1 1 No Yes 9 8,151,328 26,693 24,898 68% 2966 160
231 St (1) Broadway-7th Ave 1 1 No Yes 4 3,013,521 9,749 9,561 37% 2437 200
233 St (2,5) White Plains Road 1 2 Yes Yes 2 1,688,487 5,438 5,501 34% 2719 176
238 St (1) Broadway-7th Ave 1 1 No No 3 1,327,862 4,350 3,977 90% 1450 317
25 Av (D) West End 1 1 Yes No 4 1,992,945 6,507 6,064 75% 1627 294
25 St (R) 4 Avenue 1 1 No No 2 1,188,884 3,788 4,071 42% 1894 260
28 St (1) Broadway-7th Ave 1 1 No No 6 4,544,976 15,253 12,098 59% 2542 189
28 St (6) Lexington 1 1 No No 7 7,161,164 24,130 18,646 26% 3447 127
28 St (N,R) Broadway 1 2 No No 4 4,205,109 13,680 13,195 56% 3420 129
3 Av (L) Canarsie 1 1 No No 4 2,449,392 7,179 11,420 156% 1795 269
3 Av-138 St (6) Pelham 1 1 Yes No 7 2,509,085 8,008 8,543 95% 1144 354
3 Av-149 St (2,5) White Plains Road 1 2 No Yes 8 7,609,968 24,808 23,393 54% 3101 150
30 Av (N,Q) Astoria 1 2 Yes No 4 4,694,548 14,739 17,197 32% 3685 114
33 St (6) Lexington 1 1 No No 9 9,577,123 32,153 25,391 35% 3573 121
33 St-Rawson St (7) Flushing 1 1 Yes No 6 3,636,632 13,302 4,650 40% 2217 221
34 St-Herald Sq (B,D,F,M,N,Q,R) Comb 2 7 Yes Yes 14 39,000,352 125,682 126,221 40% 8977 8
34 St-Hudson Yards (7) Flushing 1 1 No 2 2,691,851 8,507 9,618 - 4254 87
34 St-Penn Station (1,2,3) Broadway-7th Ave 1 3 Yes Yes 11 27,741,367 90,524 84,702 28% 8229 14
34 St-Penn Station (A,C,E) 8 Avenue 1 3 Yes Yes 16 25,183,869 82,584 74,992 21% 5162 55
36 Av (N,Q) Astoria 1 2 Yes No 3 2,343,925 7,347 8,650 29% 2449 199
36 St (D,N,R) 4 Avenue 1 2 Yes No 3 4,235,509 13,180 16,191 71% 4393 74
36 St (M,R) Queens Boulevard 1 2 No No 5 1,355,271 4,776 2,545 48% 955 371
39 Av (N,Q) Astoria 1 2 Yes No 2 1,016,809 3,207 3,631 132% 1604 297
4 Av (F,G)/9 St (R) Comb 2 3 Yes No 4 4,138,758 13,116 14,654 85% 3279 139
40 St-Lowery St (7) Flushing 1 1 Yes No 4 3,399,567 11,089 10,421 19% 2772 172
42 St-Bryant Pk (B,D,F,M)/5 Av (7) Comb 2 5 Yes No 12 16,934,142 57,793 40,137 34% 4816 64
45 St (R) 4 Avenue 1 1 Yes No 4 2,228,315 7,055 7,805 35% 1764 271
46 St (M,R) Queens Boulevard 1 2 No No 4 2,904,517 9,362 9,461 21% 2341 209
46 St-Bliss St (7) Flushing 1 1 Yes No 6 4,541,003 14,335 16,110 22% 2389 203
47-50 Sts-Rockefeller Center (B,D,F,M) 6 Avenue 1 4 Yes Yes 17 18,086,203 62,283 39,633 8% 3664 115
49 St (N,Q,R) Broadway 1 3 No Part. 7 8,754,627 27,077 33,634 45% 3868 102
5 Av-53 St (E,M) Queens Boulevard 1 2 Yes No 5 7,240,517 26,566 8,340 14% 5313 53
5 Av-59 St (N,Q,R) Broadway 1 3 Yes No 7 5,929,715 18,637 21,376 38% 2662 181
50 St (1) West End 1 1 Yes No 4 8,157,242 26,362 26,277 16% 6591 31
50 St (C,E) 8 Avenue 1 2 No Part. 10 6,778,797 20,921 26,306 53% 2092 233
50 St (D) Broadway-7th Ave 1 1 No No 6 1,012,356 3,336 2,902 3% 556 404
52 St (7) Flushing 1 1 Yes No 4 2,131,770 6,795 7,252 20% 1699 282
53 St (R) 4 Avenue 1 1 Yes No 5 2,334,471 7,386 8,148 34% 1477 315
55 St (D) West End 1 1 Yes No 3 665,488 2,223 1,758 -6% 741 391
57 St (F) 6 Avenue 1 1 Yes No 8 4,821,309 15,768 14,693 114% 1971 244
57 St-7 Av (N,Q,R) Broadway 1 3 Yes No 8 9,616,547 30,311 34,509 40% 3789 110
59 St (N,R) 4 Avenue 1 2 Yes No 6 4,169,280 13,144 14,917 83% 2191 224
59 St-Columbus Circle (A,B,C,D,1) Comb 2 5 Yes Yes 17 23,203,443 73,836 80,270 56% 4343 79
63 Dr-Rego Park (M,R) Queens Boulevard 1 2 Yes No 7 5,219,811 16,868 16,777 27% 2410 202
65 St (M,R) Queens Boulevard 1 2 Yes No 2 1,183,534 3,747 4,144 41% 1874 265
66 St-Lincoln Center (1) Broadway-7th Ave 1 1 Yes Yes 6 7,606,975 24,064 27,001 44% 4011 97
67 Av (M,R) Queens Boulevard 1 2 Yes No 4 2,807,769 9,479 7,163 20% 2370 205
68 St-Hunter College (6) Lexington 1 1 Yes No 5 10,124,694 35,068 22,104 13% 7014 24
69 St (7) Flushing 1 1 Yes No 2 1,643,806 5,072 6,362 22% 2536 190
7 Av (B,D,E) Queens Boulevard 1 3 Yes No 4 5,162,589 17,538 12,512 32% 4385 75
7 Av (B,Q) Brighton 1 2 Yes No 2 2,943,272 9,731 8,581 30% 4866 62
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7 Av (F,G) Culver 1 1 Yes No 8 3,700,321 11,897 12,325 35% 1487 313
71 St (D) West End 1 1 Yes No 6 2,029,479 6,501 6,732 59% 1084 365
72 St (1,2,3) Broadway-7th Ave 1 3 Yes Yes 4 13,257,766 40,450 54,054 36% 10113 5
72 St (B,C) 8 Avenue 1 2 Yes No 3 2,921,892 9,448 9,285 78% 3149 147
74-Bway (7)/Jackson Hts-Roosevelt Av 
(E,F,M,R)

Comb 2 5 Yes Yes 8 17,301,839 52,296 72,305 47% 6537 33

75 Av (E,F) Queens Boulevard 1 2 No No 3 1,102,600 3,710 2,857 16% 1237 347
75 St-Elderts Ln (J,Z) Broadway Jamaica 1 2 Yes No 2 1,187,714 3,837 3,816 37% 1919 256
77 St (6) Lexington 1 1 No No 8 10,927,200 36,103 31,824 23% 4513 71
77 St (R) 4 Avenue 1 1 Yes No 3 1,743,795 5,720 5,247 44% 1907 259
79 St (1) Broadway-7th Ave 1 1 No No 4 5,371,624 16,372 21,987 15% 4093 92
79 St (D) West End 1 1 Yes No 4 2,137,349 6,973 6,494 74% 1743 274
8 Av (N) Sea Beach 1 1 Yes No 1 4,586,559 14,201 17,252 248% 14201 2
8 St-New York University (N,R) Broadway 1 2 No No 8 6,030,544 18,305 25,216 14% 2288 213
80 St (A) Liberty 1 1 Yes No 4 1,098,234 3,574 3,405 12% 894 378
81 St-Museum of Natural History (B,C) 8 Avenue 1 2 Yes No 4 4,517,912 14,140 16,569 101% 3535 123
82 St-Jackson Hts (7) Flushing 1 1 Yes No 3 5,089,971 15,765 19,491 1% 5255 54
85 St-Forest Pkwy (J) Broadway Jamaica 1 1 Yes No 2 1,237,770 3,968 4,113 48% 1984 243
86 St (1) Broadway-7th Ave 1 1 No No 5 6,359,252 19,757 24,228 17% 3951 98
86 St (4,5,6) Lexington 1 3 No No 8 20,337,593 64,793 70,271 29% 8099 16
86 St (B,C) 8 Avenue 1 2 Yes No 5 3,478,317 11,809 8,603 54% 2362 207
86 St (N) Sea Beach 1 1 Yes No 1 419,039 1,298 1,578 20% 1298 339
86 St (R) 4 Avenue 1 1 Yes No 3 3,752,400 12,078 12,263 78% 4026 94
88 St (A) Liberty 1 1 Yes No 2 952,251 3,221 2,386 52% 1611 296
9 Av (D) West End 1 1 Yes No 1 1,858,368 5,867 6,541 35% 5867 44
90 St-Elmhurst Av (7) Flushing 1 1 Yes No 3 5,471,961 16,957 20,866 14% 5652 48
96 St (1,2,3) Broadway-7th Ave 1 3 Yes Yes 6 12,700,397 38,859 51,360 36% 6477 34
96 St (6) Lexington 1 1 Yes No 4 8,004,488 26,939 21,033 35% 6735 27
96 St (B,C) 8 Avenue 1 2 Yes No 3 3,044,779 10,425 7,127 69% 3475 125
Alabama Av (J) Broadway Jamaica 1 1 Yes No 2 834,945 2,585 3,206 114% 1293 341
Allerton Av (2,5) White Plains Road 1 2 Yes No 2 1,733,740 5,530 5,889 41% 2765 173
Aqueduct Racetrack (A) Rockaway 1 1 No No 1 676,971 1,739 4,211 2074% 1739 277
Aqueduct-North Conduit Av (A) Rockaway 1 1 Yes No 2 342,494 1,125 1,016 40% 563 403
Astor Place (6) Lexington 1 1 No No 2 5,271,496 16,806 18,199 11% 8403 13
Astoria Blvd (N,Q) Astoria 1 2 Yes No 4 3,894,399 12,358 13,659 53% 3090 151
Astoria-Ditmars Blvd (N,Q) Astoria 1 2 Yes No 4 5,429,314 17,345 18,533 25% 4336 80
Atlantic Av (B,Q,2,3,4,5)/Pacific St (D,N,R) Comb 3 7 Yes Yes 5 13,818,168 42,711 53,638 164% 8542 12
Atlantic Av (L) Canarsie 1 1 Yes No 3 436,300 1,455 1,179 175% 485 411
Avenue H (Q) Brighton 1 1 Yes Part. 2 952,855 3,183 2,590 39% 1592 300
Avenue I (F) Culver 1 1 Yes No 4 585,217 1,962 1,529 -8% 491 409
Avenue J (Q) Brighton 1 1 Yes No 3 1,867,727 6,136 5,524 22% 2045 236
Avenue M (Q) Brighton 1 1 Yes No 2 1,776,762 6,052 4,246 26% 3026 156
Avenue N (F) Culver 1 1 Yes No 4 941,921 3,187 2,320 8% 797 386
Avenue P (F) Culver 1 1 Yes No 2 809,816 2,688 2,244 1% 1344 333
Avenue U (F) Culver 1 1 Yes No 4 772,331 2,578 2,080 30% 645 397
Avenue U (N) Sea Beach 1 1 Yes No 2 456,533 1,399 1,795 -35% 700 394
Avenue U (Q) Brighton 1 1 Yes No 1 2,332,985 7,384 8,188 22% 7384 19
Avenue X (F) Culver 1 1 Yes No 2 727,220 2,424 1,988 -11% 1212 350
Bay 50 St (D) West End 1 1 Yes No 4 972,937 3,176 2,960 28% 794 387
Bay Pkwy (D) West End 1 1 Yes No 4 2,578,524 8,069 9,471 47% 2017 240
Bay Pkwy (F) Culver 1 1 Yes No 3 406,793 1,329 1,232 48% 443 413
Bay Pkwy (N) Sea Beach 1 1 Yes No 2 3,435,240 10,955 11,631 260% 5478 51
Bay Ridge Av (R) 4 Avenue 1 1 Yes No 3 2,622,438 8,415 8,719 38% 2805 170
Bay Ridge-95 St (R) 4 Avenue 1 1 Yes No 5 1,853,049 6,090 5,510 31% 1218 348
Baychester Av (5) Dyre Av 1 1 Yes No 2 1,112,259 4,064 1,343 36% 2032 239
Beach 105 St (A,S) Rockaway 1 1 Yes No 4 95,469 289 396 16% 72 421
Beach 25 St (A) Rockaway 1 1 Yes No 3 601,116 1,968 1,806 14% 656 396
Beach 36 St (A) Rockaway 1 1 Yes No 4 305,816 975 1,037 88% 244 417
Beach 44 St (A) Rockaway 1 1 Yes No 4 212,440 676 721 87% 169 420
Beach 60 St (A) Rockaway 1 1 Yes No 4 794,595 2,507 2,810 31% 627 398
Beach 67 St (A) Rockaway 1 1 Yes No 4 811,248 2,493 3,189 86% 623 400
Beach 90 St (A,S) Rockaway 1 1 Yes No 4 335,515 939 1,751 -6% 235 418
Beach 98 St (A,S) Rockaway 1 1 Yes No 3 203,795 579 1,023 -11% 193 419
Bedford Av (L) Canarsie 1 1 Yes No 4 9,688,560 27,486 49,479 207% 6872 26
Bedford Park Blvd (B,D) Concourse 1 2 Yes No 5 2,240,256 7,236 7,234 47% 1447 318
Bedford Park Blvd-Lehman College (4) Jerome 1 1 Yes No 1 1,812,036 5,912 5,618 58% 5912 42
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Bedford-Nostrand Avs (G) Crosstown 1 1 Yes No 6 2,697,942 8,487 9,815 177% 1415 326
Bergen St (2,3) Eastern Parkway 1 2 No No 5 1,231,084 3,884 4,433 27% 777 388
Bergen St (F,G) Culver 1 2 No No 6 3,599,389 11,529 12,161 72% 1922 254
Beverley Rd (Q) Brighton 1 1 Yes No 1 953,903 3,059 3,183 24% 3059 154
Beverly Rd (2,5) Nostrand 1 2 No No 2 1,379,958 4,464 4,376 16% 2232 219
Bowery (J,Z) Nassau 1 2 Yes No 2 1,223,959 3,504 6,071 711% 1752 272
Bowling Green (4,5) Lexington 1 2 Yes Yes 5 8,870,811 31,522 15,072 43% 6304 37
Briarwood-Van Wyck Blvd (E,F) Queens Boulevard 1 1 No No 3 1,515,926 5,057 4,126 -1% 1686 284
Brighton Beach (Q) Brighton 1 1 Yes No 8 4,044,514 13,035 13,137 51% 1629 291
Broad Channel (A,S) Rockaway 1 2 Yes No 1 91,208 313 210 12% 313 415
Broad St (J,Z) Nassau 1 2 Yes No 9 2,064,292 7,279 3,905 12% 809 384
Broadway (G) Crosstown 1 1 Yes No 4 1,397,227 4,340 5,292 80% 1085 364
Broadway (N,Q) Astoria 1 2 Yes No 3 4,189,306 12,957 16,276 26% 4319 81
Broadway Junction (A,C,J,L,Z) Comb 3 4 Yes No 1 3,085,401 9,189 13,638 50% 9189 7
Broadway-Lafayette St (B,D,F,M)/Bleeck-
er St (6)

Comb 2 5 Yes Yes 12 12,405,639 39,058 45,189 86% 3255 140

Bronx Park East (2,5) White Plains Road 1 2 Yes No 3 841,547 2,785 2,391 92% 928 374
Brook Av (6) Pelham 1 1 No No 4 1,964,831 6,226 6,850 56% 1557 304
Brooklyn Bridge-City Hall (4,5,6)/Cham-
bers St (J,Z)

Comb 2 5 Yes Part. 11 10,059,080 34,352 24,004 1% 3123 149

Buhre Av (6) Pelham 1 1 No No 3 1,048,776 3,568 2,540 63% 1189 352
Burke Av (2,5) White Plains Road 1 2 Yes No 2 1,099,582 3,550 3,531 34% 1775 270
Burnside Av (4) Jerome 1 1 Yes No 4 3,617,308 11,479 12,611 45% 2870 167
Bushwick Av-Aberdeen St (L) Canarsie 1 1 Yes No 1 672,880 2,105 2,470 201% 2105 230
Canal St (1) Broadway-7th Ave 1 1 No No 4 1,801,063 6,116 4,478 12% 1529 307
Canal St (A,C,E) 8 Avenue 1 3 Yes No 5 5,753,945 19,660 13,617 40% 3932 99
Canal St (J,Z,N,Q,R,6) Comb 4 6 Yes Part. 15 15,274,896 45,030 69,319 73% 3002 158
Canarsie-Rockaway Pkwy (L) Canarsie 1 1 Yes Yes 3 3,897,784 13,131 9,961 66% 4377 76
Carroll St (F,G) Culver 1 2 Yes No 5 3,563,150 11,848 10,034 55% 2370 206
Castle Hill Av (6) Pelham 1 1 Yes No 2 2,100,194 6,895 6,217 29% 3448 126
Cathedral Pkwy-110 St (1) Broadway-7th Ave 1 1 No No 3 4,160,302 12,926 15,761 -0% 4309 82
Cathedral Pkwy-110 St (B,C) 8 Avenue 1 2 Yes No 3 2,354,421 7,553 7,851 56% 2518 194
Central Av (M) Myrtle 1 1 Yes No 2 1,158,274 3,884 3,080 274% 1942 249
Central Park North-110 St (2,3) Lenox 1 2 Yes No 2 3,147,750 9,855 11,542 209% 4928 60
Chambers St (1,2,3) Broadway-7th Ave 1 3 Yes Yes 5 6,948,976 23,574 17,555 59% 4715 66
Chambers St (A,C)/WTC (E)/Park Place 
(2,3)

Comb 3 6 Yes Part. 18 16,079,624 55,038 37,811 0% 3058 155

Chauncey St (J,Z) Broadway Jamaica 1 2 Yes No 2 1,092,483 3,360 4,309 104% 1680 286
Christopher St-Sheridan Sq (1) Broadway-7th Ave 1 1 No No 5 3,307,136 9,792 14,890 2% 1958 245
Church Av (2,5) Nostrand 1 2 No Yes 7 3,027,658 9,808 9,569 14% 1401 328
Church Av (B,Q) Brighton 1 2 Yes No 2 5,438,775 17,482 18,017 29% 8741 11
Church Av (F,G) Culver 1 1 Yes Yes 6 3,315,387 10,151 13,332 31% 1692 283
City Hall (R) Broadway 1 1 Yes No 3 1,977,733 6,766 4,685 -36% 2255 217
Clark St (2,3) Clark 1 2 Yes No 2 2,000,024 5,903 9,083 46% 2952 161
Classon Av (G) Crosstown 1 1 Yes No 3 1,581,663 4,996 5,645 113% 1665 288
Cleveland St (J) Broadway Jamaica 1 1 Yes No 2 1,104,683 3,483 3,945 42% 1742 275
Clinton-Washington Avs (C) Fulton 1 1 No No 5 2,152,345 6,932 7,119 96% 1386 329
Clinton-Washington Avs (G) Crosstown 1 1 Yes No 8 1,656,058 5,312 5,585 54% 664 395
Coney Island-Stillwell Av (D,F,N,Q) Comb 1 4 Yes Yes 2 5,025,598 14,098 25,961 56% 7049 22
Cortelyou Rd (Q) Brighton 1 1 Yes No 1 1,978,254 6,332 6,666 33% 6332 36
Cortlandt St (R) Broadway 1 1 Yes No 4 4,270,036 12,868 18,064 -43% 3217 142
Court Sq (E,G,M,7) Comb 3 4 Yes Part. 10 6,809,217 23,317 16,026 3% 2332 211
Court St (R)/Borough Hall (2,3,4,5) Comb 3 5 Yes Part. 12 11,080,334 38,089 25,365 24% 3174 144
Crescent St (J,Z) Broadway Jamaica 1 2 Yes No 2 1,617,730 5,053 5,999 40% 2527 193
Crown Heights-Utica Av (3,4) Eastern Parkway 1 2 Yes Yes 7 9,051,970 29,069 29,939 11% 4153 90
Cypress Av (6) Pelham 1 1 No No 4 1,265,930 4,099 4,015 86% 1025 368
Cypress Hills (J) Broadway Jamaica 1 1 Yes No 3 462,143 1,501 1,447 60% 500 407
DeKalb Av (B,Q,R) 4 Avenue 1 3 Yes Yes 6 5,640,329 18,774 15,729 43% 3129 148
DeKalb Av (L) Canarsie 1 1 Yes No 8 4,017,076 12,307 16,098 118% 1538 305
Delancey St (F)/Essex St (J,M,Z) Comb 2 4 Yes No 6 8,458,101 25,625 35,416 122% 4271 84
Ditmas Av (F) Culver 1 1 Yes No 4 1,055,185 3,524 2,789 -13% 881 380
Dyckman St (1) Broadway-7th Ave 1 1 Yes Part. 2 2,410,021 7,297 10,010 29% 3649 117
Dyckman St (A) 8 Avenue 1 1 Yes No 7 2,135,271 6,874 6,925 27% 982 369
East 105 St (L) Canarsie 1 1 Yes No 2 1,201,578 4,070 2,961 74% 2035 237
East 143 St-St Mary’s St (6) Pelham 1 1 No No 4 313,386 1,043 872 56% 261 416
East 149 St (6) Pelham 1 1 No No 4 1,518,946 4,861 5,094 71% 1215 349
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East 180 St (2,5) White Plains Road 1 2 Yes No 2 2,518,622 7,697 10,226 80% 3849 106
East Broadway (F) 6 Avenue 1 1 Yes No 4 4,752,739 14,654 18,482 39% 3664 116
Eastchester-Dyre Av (5) Dyre Av 1 1 Yes No 1 1,293,411 4,769 1,377 50% 4769 65
Eastern Pkwy-Brooklyn Museum (2,3) Eastern Parkway 1 2 Yes No 2 1,585,048 4,719 7,107 13% 2360 208
Elder Av (6) Pelham 1 1 Yes No 2 2,117,178 6,642 7,700 48% 3321 137
Elmhurst Av (M,R) Queens Boulevard 1 2 No No 5 4,268,747 13,508 14,896 37% 2702 177
Euclid Av (A,C) Fulton 1 2 Yes Yes 5 3,458,027 10,870 12,563 46% 2174 225
Far Rockaway-Mott Av (A) Rockaway 1 1 Yes No 1 1,572,694 5,009 5,345 37% 5009 58
Flatbush Av-Brooklyn College (2,5) Nostrand 1 2 Yes Yes 8 6,321,530 21,268 16,443 24% 2659 182
Flushing Av (G) Crosstown 1 1 No No 2 877,269 2,857 2,700 71% 1429 324
Flushing Av (J,M) Broadway Jamaica 1 2 Yes Yes 4 2,894,033 9,347 9,328 92% 2337 210
Flushing-Main St (7) Flushing 1 1 Yes Yes 10 19,257,879 60,259 70,714 27% 6026 40
Fordham Rd (4) Jerome 1 1 Yes Yes 4 3,858,183 11,957 14,781 58% 2989 159
Fordham Rd (B,D) Concourse 1 2 Yes No 6 3,890,986 12,208 14,201 45% 2035 238
Forest Av (M) Myrtle 1 1 Yes No 2 1,316,296 4,429 3,421 57% 2215 222
Forest Hills-71 Av (E,F,M,R) Queens Boulevard 1 4 Yes Yes 5 8,581,096 28,135 25,846 25% 5627 49
Fort Hamilton Pkwy (D) West End 1 1 Yes No 4 1,349,733 4,420 4,002 21% 1105 362
Fort Hamilton Pkwy (F,G) Culver 1 1 Yes No 4 1,845,401 6,044 5,608 91% 1511 311
Fort Hamilton Pkwy (N) Sea Beach 1 1 Yes No 2 554,051 1,771 1,809 -44% 886 379
Franklin Av (2,3,4,5)/Botanic Garden (S) Comb 2 5 Yes Yes 2 5,010,984 15,834 17,730 49% 7917 17
Franklin Av (C,S) Comb 2 2 Yes No 5 2,056,281 6,289 8,274 101% 1258 345
Franklin St (1) Broadway-7th Ave 1 1 No No 5 1,782,203 5,984 4,762 11% 1197 351
Freeman St (2,5) White Plains Road 1 2 No No 4 1,588,448 5,055 5,434 134% 1264 344
Fresh Pond Rd (M) Myrtle 1 1 Yes No 2 1,831,889 6,130 4,919 64% 3065 153
Fulton St (A,C,J,Z,2,3,4,5) Comb 4 8 Yes Yes 17 25,162,937 85,440 61,805 54% 5026 57
Fulton St (G) Crosstown 1 1 Yes No 2 1,639,930 5,096 6,288 181% 2548 188
Gates Av (J,Z) Broadway Jamaica 1 2 Yes No 2 2,117,787 6,602 7,937 110% 3301 138
Graham Av (L) Canarsie 1 1 No No 4 3,324,292 10,483 11,996 102% 2621 184
Grand Army Plaza (2,3) Eastern Parkway 1 2 Yes No 4 2,425,948 7,735 8,216 7% 1934 251
Grand Av-Newtown (M,R) Queens Boulevard 1 2 Yes No 5 6,057,028 19,373 20,303 74% 3875 101
Grand Central-42 St (S,4,5,6,7) Comb 3 5 Yes Yes 16 46,121,509 158,580 104,291 29% 9911 6
Grand St (B,D) 6 Avenue 1 2 Yes No 3 7,942,505 24,649 29,977 9% 8216 15
Grand St (L) Canarsie 1 1 No No 4 2,174,128 6,977 7,256 82% 1744 273
Grant Av (A) Liberty 1 1 Yes No 1 2,170,567 7,044 6,795 33% 7044 23
Greenpoint Av (G) Crosstown 1 1 Yes No 5 2,951,454 9,413 10,109 42% 1883 263
Gun Hill Rd (2,5) White Plains Road 1 2 Yes No 2 2,473,814 7,714 9,261 115% 3857 104
Gun Hill Rd (5) Dyre Av 1 1 Yes No 2 1,619,073 5,886 2,079 19% 2943 163
Halsey St (J) Broadway Jamaica 1 1 Yes No 2 2,101,350 6,490 8,150 101% 3245 141
Halsey St (L) Canarsie 1 1 No No 6 2,629,576 8,426 8,731 117% 1404 327
Harlem-148 St (3) Lenox 1 1 Yes No 1 1,220,407 4,017 3,597 315% 4017 95
Hewes St (J,M) Broadway Jamaica 1 2 Yes No 2 913,179 2,866 3,291 96% 1433 323
High St (A,C) 8 Avenue 1 2 Yes No 3 2,536,059 8,701 5,437 116% 2900 165
Houston St (1) Broadway-7th Ave 1 1 No No 8 4,375,993 15,333 8,717 24% 1917 257
Howard Beach-JFK Airport (A) Rockaway 1 1 Yes Yes 4 1,012,067 3,011 4,365 -1% 753 390
Hoyt St (2,3) Eastern Parkway 1 2 No No 5 2,356,001 7,615 7,619 42% 1523 309
Hoyt-Schermerhorn Sts (A,C,G) Fulton 1 3 Yes No 2 3,082,398 9,894 10,339 39% 4947 59
Hunters Point Av (7) Flushing 1 1 Yes No 3 1,994,002 7,292 2,523 76% 2431 201
Hunts Point Av (6) Pelham 1 1 Yes Yes 3 3,269,585 10,651 10,136 49% 3550 122
Intervale Av (2,5) White Plains Road 1 2 Yes No 3 1,061,240 3,423 3,435 100% 1141 355
Inwood-207 St (A) 8 Avenue 1 1 Yes Yes 6 2,904,915 9,350 9,526 63% 1558 303
Jackson Av (2,5) White Plains Road 1 2 No No 4 1,802,193 5,752 6,071 89% 1438 322
Jamaica Center-Parsons-Archer (E,J,Z) Archer Av 2 3 Yes Yes 10 12,470,914 41,603 34,062 19% 4160 89
Jamaica-179 St (F) Queens Boulevard 1 1 Yes Yes 16 6,783,119 23,121 16,265 2% 1445 319
Jamaica-Van Wyck (E) Archer Av 1 1 Yes No 3 1,536,716 5,022 4,672 16% 1674 287
Jay St-MetroTech (A,C,F,R) Comb 2 4 Yes Yes 20 13,091,255 44,267 33,452 45% 2213 223
Jefferson St (L) Canarsie 1 1 Yes No 6 2,563,505 7,639 11,286 148% 1273 343
Junction Blvd (7) Flushing 1 1 Yes Yes 5 7,249,912 22,051 29,702 38% 4410 73
Junius St (3) New Lots 1 1 Yes No 2 681,935 2,230 2,053 37% 1115 359
Kew Gardens-Union Turnpike (E,F) Queens Boulevard 1 2 Yes Yes 8 8,109,611 27,085 22,088 14% 3386 131
Kings Hwy (B,Q) Brighton 1 2 Yes No 3 6,014,920 20,094 16,302 41% 6698 28
Kings Hwy (F) Sea Beach 1 1 Yes No 2 1,398,753 4,637 3,903 50% 2319 212
Kings Hwy (N) Culver 1 1 Yes No 4 475,763 1,489 1,712 -33% 372 414
Kingsbridge Rd (4) Jerome 1 1 Yes No 3 3,126,119 9,998 10,531 43% 3333 134
Kingsbridge Rd (B,D) Concourse 1 2 Yes Yes 5 2,566,076 8,144 8,903 25% 1629 292
Kingston Av (3) Eastern Parkway 1 1 Yes No 2 1,560,437 4,977 5,219 9% 2489 197
Kingston-Throop Avs (C) Fulton 1 2 No No 4 2,031,710 6,350 7,544 41% 1588 301
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Knickerbocker Av (M) Myrtle 1 1 Yes No 2 1,288,438 4,228 3,846 72% 2114 229
Kosciuszko St (J) Broadway Jamaica 1 1 Yes No 2 1,661,644 5,118 6,517 114% 2559 187
Lafayette Av (C) Fulton 1 1 No No 9 1,639,947 4,888 7,245 45% 543 405
Lexington Av (N,Q,R)/59 St (4,5,6) Comb 2 6 Yes No 11 21,000,635 67,684 68,953 35% 6153 39
Lexington Av-53 St (E,M)/51 St (6) Comb 2 3 Yes Yes 16 19,929,405 69,750 39,505 5% 4359 77
Lexington Av-63 St (F,Q) 63rd Street 1 1 Yes Yes 5 5,033,950 16,988 13,089 1005% 3398 130
Liberty Av (C) Fulton 1 2 Yes No 4 920,826 3,020 2,765 16% 755 389
Livonia Av (L) Canarsie 1 1 Yes No 2 1,045,593 3,418 3,126 197% 1709 281
Longwood Av (6) Pelham 1 1 No No 4 1,081,519 3,517 3,365 54% 879 381
Lorimer St (J,M) Broadway Jamaica 1 2 Yes No 4 1,595,826 5,138 5,194 117% 1285 342
Lorimer St (L)/Metropolitan Av (G) Comb 2 2 Yes No 6 5,156,893 15,082 24,167 168% 2514 195
Marble Hill-225 St (1) Broadway-7th Ave 1 1 No No 2 1,777,035 5,636 6,137 62% 2818 169
Marcy Av (J,M,Z) Broadway Jamaica 1 3 No Yes 8 4,272,443 13,815 13,808 128% 1727 279
Mets-Willets Point (7) Flushing 1 1 Yes No 4 2,004,343 5,367 11,209 123% 1342 334
Middle Village-Metropolitan Av (M) Myrtle 1 1 Yes Yes 1 1,365,048 4,530 3,868 41% 4530 70
Middletown Rd (6) Pelham 1 1 Yes No 2 598,447 2,066 1,315 58% 1033 367
Montrose Av (L) Canarsie 1 1 Yes No 2 2,338,095 7,007 10,119 133% 3504 124
Morgan Av (L) Canarsie 1 1 Yes No 3 2,614,617 7,592 12,480 240% 2531 192
Morris Park (5) Dyre Av 1 1 Yes No 1 677,899 2,487 779 65% 2487 198
Morrison Av-Soundview (6) Pelham 1 1 Yes No 3 2,135,920 6,755 7,520 39% 2252 218
Mosholu Pkwy (4) Jerome 1 1 Yes No 4 2,836,370 9,135 9,256 27% 2284 214
Mt Eden Av (4) Jerome 1 1 Yes No 2 1,824,478 5,770 6,435 40% 2885 166
Myrtle Av (J,M,Z) Broadway Jamaica 1 3 Yes No 2 3,764,562 11,801 13,814 174% 5901 43
Myrtle-Willoughby Avs (G) Crosstown 1 1 Yes No 2 1,887,369 5,889 7,043 127% 2945 162
Myrtle-Wyckoff Avs (L,M) Canarsie 1 2 Yes Yes 3 6,531,453 19,673 27,784 104% 6558 32
Nassau Av (G) Crosstown 1 1 Yes No 6 2,851,899 9,150 9,560 44% 1525 308
Neck Rd (Q) Brighton 1 1 Yes No 1 1,336,596 4,354 4,119 37% 4354 78
Neptune Av (F) Culver 1 1 Yes No 2 513,566 1,742 1,254 2% 871 382
Nereid Av (2,5) White Plains Road 1 2 Yes No 2 1,131,328 3,753 3,188 56% 1877 264
Nevins St (2,3,4,5) Eastern Parkway 1 4 No No 4 3,220,745 10,716 8,999 -5% 2679 179
New Lots Av (3) New Lots 1 1 Yes No 2 2,065,205 6,855 5,686 65% 3428 128
New Lots Av (L) Canarsie 1 1 Yes No 1 1,645,273 5,431 4,706 232% 5431 52
New Utrecht Av (N)/62 St (D) Comb 2 2 Yes No 5 1,784,812 5,602 6,504 57% 1120 358
Newkirk Av (2,5) Nostrand 1 2 No No 3 2,395,551 7,840 7,192 3% 2613 185
Newkirk Av (B,Q) Brighton 1 2 Yes No 1 3,315,748 10,842 10,122 41% 10842 3
Northern Blvd (M,R) Queens Boulevard 1 2 No No 2 2,264,100 7,413 6,821 34% 3707 112
Norwood Av (J,Z) Broadway Jamaica 1 2 Yes No 2 1,146,658 3,613 4,099 38% 1807 268
Norwood-205 St (D) Concourse 1 1 Yes No 4 2,805,984 8,897 9,797 37% 2224 220
Nostrand Av (3) Eastern Parkway 1 1 Yes No 2 1,358,853 4,239 5,032 25% 2120 228
Nostrand Av (A,C) Fulton 1 2 No No 4 5,861,658 18,231 22,197 61% 4558 68
Ocean Pkwy (Q) Brighton 1 1 Yes No 6 1,016,458 3,211 3,597 35% 535 406
Ozone Park-Lefferts Blvd (A) Liberty 1 1 Yes No 4 2,351,557 8,023 5,538 19% 2006 241
Park Pl (S) Franklin 1 1 Yes Yes 2 576,122 1,850 1,903 381% 925 375
Parkchester (6) Pelham 1 1 Yes No 1 5,201,901 16,561 17,932 42% 16561 1
Parkside Av (Q) Brighton 1 1 Yes No 2 1,783,716 5,524 6,844 16% 2762 174
Parsons Blvd (F) Queens Boulevard 1 1 Yes No 6 2,063,042 6,644 6,736 12% 1107 361
Pelham Bay Park (6) Pelham 1 1 Yes Yes 5 2,208,725 7,213 6,733 62% 1443 321
Pelham Pkwy (2,5) White Plains Road 1 2 Yes Yes 5 2,955,589 9,441 10,022 86% 1888 261
Pelham Pkwy (5) Dyre Av 1 1 Yes No 1 897,374 3,332 858 52% 3332 135
Pennsylvania Av (3) New Lots 1 1 Yes No 2 753,493 2,485 2,206 -47% 1243 346
President St (2,5) Nostrand 1 2 Yes No 2 1,226,582 4,114 3,204 53% 2057 234
Prince St (N,R) Broadway 1 2 No No 4 5,314,922 15,424 25,371 54% 3856 105
Prospect Av (2,5) White Plains Road 1 2 No No 5 2,513,169 8,004 8,587 81% 1601 298
Prospect Av (R) 4 Avenue 1 1 No No 3 1,758,711 5,842 4,944 44% 1947 248
Prospect Park (B,Q,S) Brighton 1 3 Yes Yes 3 3,272,810 9,995 13,301 66% 3332 136
Queens Plaza (E,M,R) Queens Boulevard 1 3 Yes Yes 7 3,124,028 10,652 7,574 -4% 1522 310
Queensboro Plaza (N,Q,7) Flushing 1 3 Yes No 2 4,105,500 12,936 14,891 84% 6468 35
Ralph Av (C) Fulton 1 2 Yes No 3 1,863,036 5,801 6,984 91% 1934 252
Rector St (1) Broadway-7th Ave 1 1 No No 6 2,805,381 9,788 5,566 150% 1631 290
Rector St (R) Broadway 1 1 No No 9 2,038,348 6,524 6,972 4% 725 393
Rockaway Av (3) New Lots 1 1 Yes No 2 1,534,978 5,122 4,078 6% 2561 186
Rockaway Av (C) Fulton 1 2 Yes No 6 1,786,802 5,678 6,188 60% 946 372
Rockaway Blvd (A) Liberty 1 1 Yes No 4 2,382,252 7,683 7,763 44% 1921 255
Rockaway Park-Beach 116 St (A,S) Rockaway 1 1 Yes Yes 1 250,220 727 1,167 -21% 727 392
Roosevelt Island (F) 63rd Street 1 1 Yes Yes 1 2,110,471 6,630 7,677 75% 6630 30
Saratoga Av (3) New Lots 1 1 Yes No 3 1,208,956 4,006 3,373 -18% 1335 335
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Seneca Av (M) Myrtle 1 1 Yes No 2 854,251 2,832 2,410 69% 1416 325
Sheepshead Bay (B,Q) Brighton 1 2 Yes No 2 4,322,837 14,477 11,562 33% 7239 20
Shepherd Av (C) Fulton 1 2 Yes No 4 1,059,144 3,393 3,529 56% 848 383
Simpson St (2,5) White Plains Road 1 2 No Yes 5 3,046,838 9,680 10,504 80% 1936 250
Smith-9 Sts (F,G) Culver 1 3 Yes No 1 1,533,167 4,861 5,391 79% 4861 63
South Ferry (1)/Whitehall St (R) Comb 2 2 Yes Part. 11 9,009,136 29,534 26,858 11% 2685 178
Spring St (6) Lexington 1 1 No No 4 3,792,870 11,390 16,329 73% 2848 168
Spring St (C,E) 8 Avenue 1 2 Yes No 3 3,744,702 12,775 8,974 60% 4258 86
St Lawrence Av (6) Pelham 1 1 Yes No 2 1,329,758 4,187 4,776 37% 2094 232
Steinway St (M,R) Queens Boulevard 1 2 Yes No 4 4,703,321 14,836 16,851 21% 3709 111
Sterling St (2,5) Nostrand 1 2 Yes No 2 1,805,238 5,806 5,869 19% 2903 164
Sutphin Blvd (F) Queens Boulevard 1 1 Yes No 5 1,414,334 4,652 4,134 18% 930 373
Sutphin Blvd-Archer Av-JFK Airport 
(E,J,Z)

Archer Av 2 3 Yes Yes 4 7,904,869 24,796 28,587 88% 6199 38

Sutter Av (L) Canarsie 1 1 Yes No 1 1,435,112 4,688 4,318 95% 4688 67
Sutter Av-Rutland Rd (3) New Lots 1 1 Yes No 3 2,035,027 6,785 5,547 14% 2262 215
Times Sq-42 St (N,Q,R,S,1,2,3,7)/42 St 
(A,C,E)

Comb 5 11 Yes Part. 23 64,531,511 202,363 234,830 55% 8798 10

Tremont Av (B,D) Concourse 1 2 Yes No 5 3,213,396 10,246 10,921 62% 2049 235
Union St (R) 4 Avenue 1 1 No No 4 2,024,863 6,512 6,713 51% 1628 293
Utica Av (A,C) Fulton 1 2 Yes No 4 5,152,649 16,060 19,318 69% 4015 96
Van Cortlandt Park-242 St (1) Broadway-7th Ave 1 1 Yes No 4 2,294,482 7,431 7,317 48% 1858 266
Van Siclen Av (3) New Lots 1 1 Yes No 2 1,250,237 4,194 3,205 57% 2097 231
Van Siclen Av (C) Fulton 1 2 Yes No 4 1,017,779 3,224 3,563 45% 806 385
Van Siclen Av (J,Z) Broadway Jamaica 1 2 Yes No 2 983,370 3,067 3,663 60% 1534 306
Vernon Blvd-Jackson Av (7) Flushing 1 1 No No 8 4,877,185 15,910 14,981 171% 1989 242
Wakefield-241 St (2) White Plains Road 1 2 Yes No 3 1,662,337 5,213 6,069 64% 1738 278
Wall St (2,3) Clark 1 2 Yes No 6 7,689,447 27,291 13,671 30% 4549 69
Wall St (4,5) Lexington 1 2 Yes No 8 6,148,384 22,211 8,953 9% 2776 171
West 4 St-Washington Sq (A,B,C,D,E,F,M) Comb 2 7 Yes Yes 6 13,955,067 42,755 56,440 28% 7126 21
West 8 St-New York Aquarium (F,Q) Comb 1 2 Yes No 4 795,636 2,421 3,175 12% 605 401
West Farms Sq-East Tremont Av (2,5) White Plains Road 1 2 Yes No 5 2,465,907 7,848 8,447 68% 1570 302
Westchester Sq-East Tremont Av (6) Pelham 1 1 Yes No 1 1,952,473 6,635 4,784 78% 6635 29
Whitlock Av (6) Pelham 1 1 Yes No 2 571,352 1,830 1,913 85% 915 376
Wilson Av (L) Canarsie 1 1 Yes Part. 1 1,219,239 3,812 4,496 85% 3812 107
Winthrop St (2,5) Nostrand 1 2 No No 2 2,146,809 7,272 5,327 34% 3636 118
Woodhaven Blvd (J,Z) Broadway Jamaica 1 2 Yes No 3 1,513,298 4,838 5,099 80% 1613 295
Woodhaven Blvd (M,R) Queens Boulevard 1 2 Yes No 4 7,144,921 22,483 25,550 28% 5621 50
Woodlawn (4) Jerome 1 1 Yes No 2 2,380,900 7,623 8,010 91% 3812 108
Woodside-61 St (7) Flushing 1 1 Yes Part. 3 5,511,564 17,236 20,360 42% 5745 47
York St (F) 6 Avenue 1 1 Yes No 1 3,286,640 10,246 12,521 302% 10246 4
Zerega Av (6) Pelham 1 1 Yes No 2 784,314 2,629 2,080 67% 1315 337
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