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THE MAGLEV REVISITED: PART 2 

The proposed Baltimore-Washington maglev 
would serve a small geographic area 
Most maglev customers would start and end their trips near a 
maglev station, but the project's draft environmental impact 
statement is vague on this point 
 
 
BY OWEN KELLEY (oke lley@gmu.edu),  MARCH 25, 2021 
 
A magnetic-levitation rail line has been proposed 
to connect Baltimore and Washington. To 
evaluate this proposal, it would help to have a 
sense of where most of this rail line's customers 
would start and end their trips. 

It is important to know where most "maglev" 
customers would start and end their trips because 
much of the economic benefit from operating the 
maglev may concentrate in the same area. The 
maglev's draft environmental impact statement 
(DEIS) is vague about how geographically 
concentrated would be the maglev ridership and 
economic benefits. Would they be concentrated 
tightly near maglev stations or spread out more 
evenly over a large region? 

The DEIS quantifies the maglev's economic 
impact over vast area, the Washington-Baltimore 
Combined Statistical Area. In contrast, the DEIS 
calculates its forecast for the maglev's ridership 
over a smaller, but still large, area that is defined 
by a 25-mile radius around each maglev station. 
These areas are shown in Figure 1 of the present 
article.1 

                                                   
1 CSA: Chapter 4.6, pg. 4.6-1; 25-mile radius: Appendix D2, pg. C-106. 
2 390-440 jobs: Chapter 4.6, pg. 4.6-8. Negative impacts would occur to the following areas of kinds of resources: 

historical sites (Chapter 4.8); scenic resources (Chap. 4.9); recreational facilities (Chap. 4.7); environmental justice 
(Chap. 4.5); quality-of-life (Chap. 4.4); hazardous waste sites (Chap. 4.15); forests, forest-interior species, and 

As explored in the present article, even a 25-
mile radius seems like an overestimate of the 
maglev's reach. Instead, most maglev customers 
would probably start and end their trips within a 
small subset of the 25-mile-radius area around 
each maglev station. The present article suggests 
that most counties in the Washington-Baltimore 
Combined Statistical Area would have few if any 
maglev customers starting or ending their trips 
there. 

Elected officials and the public would like to 
know which counties and cities would benefit 
from the maglev and which would be harmed by 
its construction and operation. For example, the 
DEIS estimates that 390 to 440 jobs would be 
created directly or indirectly as a result of 
operating the maglev, but the DEIS is silent on 
the question of where these jobs would be located. 
The maglev's many negative impacts are 
quantified in various sections and appendices of 
the DEIS.2 

It would have been helpful if the DEIS had 
plotted contours on a map or used some other 
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means to visualize where most maglev customers 
would start and end their trips. The public is 
unable to find this information in official sources, 
such as the studies, memos, and data requests that 
are the source of the DEIS's maglev ridership 
forecast. These documents are hidden from public 
view. Their existence is known only from 
footnotes in the DEIS. Fortunately, enough 
information is published in the DEIS to guide the 
analysis in the present article. 

Background 
In January, 2021, the Federal Railroad 
Administration published the draft environmental 
impact statement (DEIS) for the proposed 
Baltimore-Washington maglev. The DEIS states 
that using the maglev would save a traveler 8 to 27 
minutes relative to the time that the traveler 
would otherwise spend driving directly to his or 
her destination.3 

Because maglev tickets would be so expensive, 
it is plausible that people would ride the maglev 
only if it saved them at least 8 to 27 minutes. The 
DEIS states a ticket price of $40 to $80 per 
person, one way. The cost of driving between 
Baltimore and Washington is approximately $7 
per car, one way, based on the average trip length 
stated in the DEIS and the AAA estimate for the 
cost of fuel and maintenance for a typical car. As a 
result, the maglev-vs.-car price difference is $33 to 
$73, one way, with one person in the car, and 
                                                   

habitats of rare, threatened, and endangered species (Chap. 4.12); wetlands (Chap. 4.11); economic harm during 
construction (Appendix D4, pg. D-18 to D-30); and lost revenue for Amtrak and MARC commuter trains 
(Appendix D4, Table D4-47, pg. D-54). 

3 DEIS: FRA 2021; 8-27 minutes: Appendix D4, pg. C-6. 
4 The DEIS considered and rejected a maglev ticket price as low as $27 and chose instead to base its ridership forecast 

on a $40–$80 ticket price: Appendix D2, pg. D-107, D-108; $7.08 cost of making a typical trip between Baltimore 
and Washington by car based on a 39.6-mile trip length (Appendix D4, Table D4-59, pg. E-82) and a $0.1787-
per-mile cost for medium sedan (AAA 2020). 

5 Willumsen 2014, Chapter 5; Ortuzar and Willumsen 2011, Section 15.4; Ridership forecast model: Appendix D2, 
pg. B-104 to E-110. 

much more than $33 to $73 with multiple people 
in the car, such as on a date or family outing.4 

Travel-time saved and travel cost are factors 
that transportation planners consider when 
forecasting the ridership for a transportation 
proposal. The DEIS states that these factors were 
included in the model that forecast the ridership 
for the proposed Baltimore-Washington maglev.5 

Method 
The present article identifies the maglev ridership 
area by exploring where the maglev would save a 
customer approximately 8 to 27 minutes relative to 
the amount of time that the customer would 
otherwise have spent driving directly to the 
destination. 

To estimate travel-time saved, first pick a trip 
origin and destination with one of the points in 
the Washington area and the other point in the 
Baltimore area. Calculate the time to drive 
between these two points. From that time, 
subtract the time that it would take to travel 
between the same two points using the maglev, 
which in simplest form would mean driving to a 
maglev station, riding the maglev, and riding a car 
to the destination. Various online applications can 
provide car travel time between any two points, 
and time spent on the maglev itself can be 
estimated from information in the DEIS and 
other documents. The details of this calculation 
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are described in Appendices 1 and 2 of the present 
article. 

The present article estimates travel-time 
saving for a scatter of trip origin-and-destination 
pairs in order to build up knowledge of where on 
the map the maglev travel-time savings would be 
in the 8-to-27-minute range that the DEIS 
provides. The computations are made slightly 
more complicated because two stations are 
proposed at the Baltimore end of the trip, one at 
Camden Yards and one at Baltimore/Washington 
International (BWI) airport. The solution is to 
calculate travel-time saved for one or the other 
Baltimore maglev station, and then use whichever 
value is greater. 

One simplification employed in the present 
article is to assume that travel to and from the 
maglev stations occurs by car, without modeling 
the option of subway travel to and from the 
Washington maglev station. Supporting this 
simplification, the analysis in Appendix 3 of the 
present article finds that, in almost every case, a 
subway ride would not save time over driving to 
the downtown Washington maglev station. The 
existence of the Washington subway has little 
impact on the geographic extent of the maglev 
ridership area. 

The calculation method used here is kept 
simple because the goal is merely to determine 
whether the maglev ridership area would fill the 
entire 25-mile-radius area that is studied in the 
DEIS or if the ridership area would be much 
smaller than that.  

Results 
The three sections below identify jurisdictions in 
which most maglev travelers would start and end 
their trips during rush hour or in light traffic. Also 
identified are jurisdictions with little area or no 

portion of them served by the maglev regardless of 
the road-congestion level. One finding is that the 
proposed Baltimore-Washington maglev would 
have an easier time competing against car travel 
during rush hour than when road traffic is light. 
In other words, the maglev ridership area is larger 
during rush hour than when road traffic is light. 

The Maglev Ridership area during 
Rush Hour 

How far one can travel from a maglev station and 
still save 8 to 27 minutes depends on how close 
the other end of the trip is to the other maglev 
station. Figures 2 and 3 show two possible 
realizations of the maglev ridership area during 
rush hour. One option emphases access to the 
Washington area and the other option emphases 
access to the Baltimore area. 

Figure 2 emphases locations at the 
Washington end of a rush-hour trip while still 
reaching an appreciable number of locations in the 
Baltimore area. Optimized in this way, the maglev 
ridership area would include about half of the 
District of Columbia; most of the City of 
Alexandria, Arlington County, and City of 
Baltimore; and less than half of the Baltimore 
County suburbs. 

In contrast, Figure 3 shows the maglev 
ridership area optimized in the opposite way. 
Figure 3 emphasizes locations at the Baltimore 
end of the trip. In this case, a portion of eastern 
Carroll County and northern Anne Arundel 
County can be reached. This portion of Carroll 
County is sparsely populated and this portion of 
northern Anne Arundel County contains Glen 
Bernie and Pasadena. Few people would make use 
of the maglev in this scenario because only a small 
portion of the District of Columbia can be 
reached at the other end of the trip. The following 
portions of the District of Columbia cannot be 
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reached: the Capitol building, Capitol Hill, most 
residential areas in the District of Columbia, and 
the federal offices just south of the National Mall. 

The DEIS forecasts that approximately 15% 
of maglev travelers would be airline passengers 
headed to or from BWI airport, and the present 
article neither confirms nor questions that 
forecast.6 

The present article does, however, suggest that 
the BWI maglev station would have limited utility 
for points other than the airport's main terminal. 
Figure 2 shows a small maglev ridership area that 
is located just to the north and east of BWI. From 
the rest of the business parks and residential areas 
within a few miles of BWI, one can easily reach 
Interstates 95 and 295, which are direct routes to 
Washington. Starting from these locations, one 
can reach the BWI main terminal from only one 
direction (the west) and the airport's main road 
loop can be slow due to congestion. In this way, 
the existing road network would geographically 
isolate a maglev station adjacent to the BWI main 
terminal.  

To summarize the rush-hour results, the 
maglev would save the traveler approximately 8 to 
27 minutes over an area that is much smaller than 
the area of the DEIS-supplied 25-mile radius 
about the maglev stations. 

Careful examination of Figures 2 and 3 reveals 
that the maglev ridership area is bunched to the 
side of the maglev station that is furthest from the 
other maglev station. In other words, the maglev 
ridership area is mostly south and west of 
downtown Washington and north and east of 
downtown Baltimore. This makes sense because 
you aren't going to save much time using the 

                                                   
6 Only 14.5% of maglev trips would be downtown-to-airport, with the remaining 85.4% downtown-to-downtown: 

Appendix D4, Table D4-25, pg. D-42. 
7 25-mile radius: Appendix D2, pg. C-106; US Census Bureau (2015). 

maglev if your trip starts and ends between the 
two cities. In this case, traveling to and from the 
maglev station would take you far out of your way. 

Another thing evident in Figures 2 and 3 is 
that the maglev ridership area is larger at the 
Baltimore end of the trip than at the Washington 
end of the trip. This asymmetry is due to the fact 
that the proposed Washington maglev station at 
Mount Vernon Square would be stuck in the 
middle of an area with especially slow rush-hour 
traffic and many traffic lights. In contrast, the 
maglev station proposed for Baltimore's Camden 
Yards would be a short detour from routes that 
would take drivers initially south and west toward 
downtown Baltimore along Route 83 and 
Interstate 95 and subsequently south toward 
Washington. 

The present article excludes Hartford County 
from the maglev ridership area at the Baltimore 
end of the trip. Slightly less than half of Hartford 
County is within the DEIS's 25-mile radius from 
the maglev station proposed at Baltimore's 
Camden Yards. The lack of an existing market for 
the maglev in Hartford county is indicated by US 
Census data. Census data shows that almost no 
Hartford County residents commute to jobs in 
Washington and almost no Washington residents 
commute to jobs in Hartford County. Following 
the same sort of logic, the DEIS states that it 
shrunk or expanded its 25-mile-radius area, as 
necessary, to reflect existing travel patterns.7 

The Maglev Ridership area when Road 
Traffic is Light 

In light traffic, the maglev would save travelers 8 
to 27 minutes over an even smaller area than it 
would during rush hour. Two factors contribute to 
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the maglev's limited utility when road traffic is 
light. First, directly driving to the destination is 
much faster in light traffic than in rush-hour 
traffic. Second, maglev trains would be less 
frequent outside of rush hour, and therefore one 
would wait longer for the next maglev train. These 
two factors influence the size of the maglev 
ridership area shown in Figure 4. 

When road traffic is light, the utility of the 
maglev is limited in several ways. First, only a 
small portion of downtown Washington and 
downtown Baltimore would be included in the 
ridership area, as shown in Figure 4. 

Second, Appendix 2 of the present study 
suggests that the maglev would save travelers only 
10.5 to 17.5 minutes of travel time when road 
traffic is light, i.e., the lower half of the target 
range of 8 to 27 minutes. Such limited travel-time 
savings suggests that, outside of rush hour, only 
wealthier maglev riders would find the maglev 
travel-time savings sufficient to justify the $40 to 
$80 maglev ticket price. 

Last, the ridership area depicted in Figure 4 
applies only to various non-rush-hour times 
during which there are maglev departures at least 
every 15 minutes. In contrast, maglev departures 
that are 30 minutes apart may occur during off-
peak weekend hours, and at these time, the maglev 
ridership area would essentially disappear. 

Jurisdictions not Served by the Maglev 

The present article finds that many counties are 
outside of the area served by the maglev but are 
included in the DEIS study area. Based on the 
travel-time analysis in the present article, elected 
officials and members of the public should read 
with skepticism any claim that the Baltimore-
Washington region, as a whole, would benefit 

                                                   
8 Map of counties in MWCOG (2010, pg. 5) and BMC (2020, pg. 6). 

from the maglev rather than a few small areas near 
a maglev station. 

Even during rush hour, few if any maglev 
customers would start or end their trip in the 
majority of the counties within the jurisdiction of 
the Metropolitan Washington Council of 
Governments or the Baltimore Metropolitan 
Council. These counties are outlined in white in 
Figure 1 of the present article. In addition, few 
maglev customers would start or end their trips in 
the majority of the counties in the Washington-
Baltimore Combined Statistical Area, which is 
also shown in Figure 1. In fact, few if any maglev 
customers would even pass through these counties 
on their way to or from a maglev station.8 

Conclusion 
The present analysis compares travel time when a 
trip is made using the proposed maglev between 
Baltimore and Washington or is made entirely by 
car. The results of the analysis are maps of the 
maglev ridership area, the area near maglev 
stations where most maglev customers would start 
or end their trip. 

In the present article, the maglev ridership 
area is modeled as the area where the maglev 
would save a traveler approximately 8 to 27 
minutes compared to the time that the traveler 
would otherwise spend driving directly to his or 
her destination. The maglev's draft environmental 
impact statement (DEIS) asserts that a maglev 
customer would save this much time. More 
importantly, travel-time savings at least this great 
are a plausible prerequisite for people who travel 
between Baltimore and Washington to find the 
maglev to be an attractive option in light of the 



 6 

maglev's $40-to-$80 ticket price per person, one 
way.  

During rush hour, the present article finds 
that the maglev would save travelers about 8 to 27 
minutes on trips that start and end in at least half 
of the area of each of these jurisdictions: the 
District of Columbia, the City of Alexandria, 
Arlington County, Baltimore County suburbs, and 
the City of Baltimore. Even during rush hour, few 
if any maglev customers would start or end their 
trips in the majority of the counties within the 
jurisdiction of the Metropolitan Washington 
Council of Governments or the Baltimore 
Metropolitan Council. 

When road traffic is light, the maglev 
ridership area would be even smaller. It would 
include, at most, only a portion of downtown 
Washington and downtown Baltimore. The 
reason for the maglev's limited utility when road 
traffic is light is that there would be fewer maglev 
trains per hour than during rush hour and car 
travel would be much faster than during rush 
hour. 

During both rush hour and periods of light 
road traffic, most maglev riders would start and 
end their trips in a small portion of the 25-mile-
radius area about each maglev station, the 25-mile 
radius that the DEIS used in its ridership forecast. 
The present article comes to this conclusion, and 
the DEIS neither confirms nor denies it. Elected 
officials and the public should investigate for 
themselves whether the maglev's forecasted 
economic benefits are realistic given that the 
DEIS forecasted these benefits over such a large 
area and the present article finds that maglev 
ridership would be concentrated over a much 
smaller area. 

 
Disclaimer: This analysis was performed by an 
area resident, acting in his capacity as a individual 

citizen to examine a non-partisan issue of interest 
to the public. If errors are suspected, please 
contact the author at okelley@gmu.edu. 
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Figure 1. A map showing four areas discussed in relation to the proposed Baltimore-Washington maglev. 
First, the thick black line indicates the outer boundary of the Washington-Baltimore Combined 
Statistical Area. Second, counties outlined in white are in the jurisdiction of two planning bodies: the 
Metropolitan Washington Council of Governments and the Baltimore Metropolitan Council. Third, the 
dotted gray lines indicate a 25-mile radius from the maglev stations that are proposed at Washington's 
Mount Vernon Square and Baltimore's Camden Yards. These three areas are mentioned in the maglev's 
draft environmental impact statement (DEIS). In contrast, the much smaller, red area is the result of the 
analysis described in the present article. The red area represents one realization of where most maglev 
customers would start and end their trips during rush hour. The same red area is also shown, at a higher 
magnification, in Figure 2. 
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Figure 2. During rush hour, the 
maglev ridership area (shown in 
red). This area is optimized to 
reach many locations at the 
Washington end of the trip. The 
ridership area is reduced at the 
Baltimore end of the trip so that 
the goal can still be realized of the 
maglev trip saving the traveler at 
least 8 to 27 minutes of travel-time 
relative to the time that would 
otherwise be spent driving directly 
to the destination. 
 

Figure 3. The same as Figure 2 
except that the maglev ridership 
area (shown in red) is optimized to 
reach more locations at the 
Baltimore end of the trip during 
rush hour. Simultaneously, 
locations reachable at the 
Washington end of the trip are 
reduced so that the goal can still be 
realized of the maglev trip saving 
the traveler least 8 to 27 minutes of 
travel time relative to the time to 
drive directly to the destination. 
Few people would make use of the 
maglev under these circumstances 
because few locations can be 
reached in Washington. 
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Figure 4. The maglev ridership area 
when road traffic is light. Because 
road travel is so much faster in light 
traffic and maglev trains would be 
less frequent outside of rush hour, 
the maglev can outcompete car 
travel over a smaller area in light 
traffic than during rush hour. 
About 10 to 18 minutes of travel 
time would be saved when road 
traffic is light if both the trip origin 
and destination are in the portion 
of downtown Baltimore and 
downtown Washington that are 
colored red in this map. 
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Appendices 

 
Figure 5. A schematic diagram of a maglev-assisted trip. Also shown is the trip made by driving directly 
to the destination, which takes Cdirect minutes to complete. The time to drive from one maglev station to 
the other is Cbetween. The diagram shows the trip in one direction only. Appendix 1 of the present article 
averages the time to make the trip in both directions. 

 

Appendix 1 
Travel-time Penalty Maps that 
Identify Travel-time Saved Relative to 
the Maximum Travel-time Saved 
This appendix describes a method for generating 
travel-time penalty maps. Appendix 2 describes 
the use of these penalty maps to estimate the 
maglev ridership area. Appendix 3 validates the 
approximation built into these penalty maps that a 
customer travels to and from the Washington 
maglev station by car rather than by subway. 

A travel-time penalty map shows the 
geographic variation of travel-time saved. To put 
in another way, the penalty map shows travel-time 
saved as a function of how far a trip terminus 
(origin or destination) is from the nearest maglev 
station.  

To calculate travel-time penalty, one must first 
calculate the time that it would take to drive 
directly to the destination and also the total travel-
time to take a maglev-assisted trip, a trip in which 
the customer drives to and from maglev stations 
and rides the maglev itself.  

The Components of Total Travel-time 
for a Maglev-assisted Trip 

To estimate total travel time, one must first define 
the components of total travel time of a maglev-
assisted trip. To keep computations simple, this 
appendix assumes that travel to and from maglev 
stations would occur by car, a reasonable 
simplification for two reasons. Most people use 
cars rather than public transit to travel to work or 
other destinations. Furthermore, Appendix 3 of 
the present article shows that taking the subway to 
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the maglev station would be, in most cases, no 
faster than driving to the maglev station.9 

The total travel time of a maglev-assisted trip 
may also be called door-to-door time, as is done 
the maglev's draft environmental impact statement 
(DEIS). Kelley (2021) coined the term "maglev-
assisted trip" to emphasize that a maglev ride 
would be only one leg of a maglev customer's trip. 
In the present article, the total travel time of a 
maglev-assisted trip is modeled as the sum of the 
terms in Equation (1) as described in subsequent 
paragraphs. Some of these terms are shown in 
Figure 5, and all of the terms have units of 
minutes.10 

(1) Total duration of a maglev-assisted trip 
Tmaglev = C1 + W + T + TP + LH + C2 

In Equation (1), C1 is the time to travel by car 
from the trip origin to the nearest maglev station 
and C2 is the time to ride a car from the final 
maglev station to the destination. These car-travel 
times are estimated by calling the Route 
Application Programming Interface (API) of 
Microsoft's Bing Maps, as described subsequently. 

In Equation (1), LH is the line-haul time, 
which means the time spent on the maglev while 
the maglev is traveling between the initial and 
final maglev stations. The DEIS states that the 
maglev's line-haul time would be 15 minutes 
between the stations proposed at Washington's 
Mount Vernon Square and Baltimore's Camden 
Yards. The DEIS does not state a numerical value 
for the typical door-to-door duration of a maglev-
assisted trip.11 

                                                   
9 9% of Maryland workers use public transit to work and 25% use public transit overall: Titus, 2015. 
10 door-to-door: Appendix D4, pg. D-36. 
11 15-minute maglev "travel time": Chapter 4.2, Table 4.2-1, pg. 4.2-5, also in Appendix D4, footnote to Table D4-

59, pg. E-82. 
12 15-minute maglev "travel time": Chapter 4.2, Table 4.2-1, pg. 4.2-5, also in Appendix D4, footnote to Table D4-

59, pg. E-82. 

In Equation (1), W is the average wait time 
for the next maglev train, which is simulated as 
half of the time between scheduled departures of 
the maglev train. The time between departures is 
called "head time" by transportation modelers. 

Based on the scheduling information 
published in the DEIS, three values for average 
wait time W are considered in the present article: 
4, 7.5, and 15 minutes. The wait time would 
average 4 minutes during weekday rush hour. The 
wait time would average 7.5 minutes outside of 
rush-hour on weekdays and also during peak 
weekend travel times. Last, the wait time would 
average 15 minutes during off-peak times on 
weekends. 

These three values for average wait time W are 
based on the following information in the DEIS. 
The weekday schedule published in the DEIS 
shows maglev departures every 8 to 15 minutes in 
each direction. The DEIS also states that on 
Saturday or Sunday there would be half as many 
trains as on a weekday, so at some times, the 
maglev trains would likely depart only every 30 
minutes in each direction.12 

In Equation (1), T is the transfer time of 6 
minutes. Transfer time is the sum of the time that 
the customer would spend walking or riding 
escalators inside of the initial and final maglev 
stations. Based on the station diagrams in the 
DEIS, the time to travel from the car drop-off 
location to the maglev train platform, or vise versa, 
would be approximately 3 minutes at each end of 
the maglev trip. This 3-minute per-station 
estimate is based on a 100-meter walking distance 
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plus a 35-meter vertical ascent or descent by 
escalator. Duration is calculated as distance 
divided by speed, and walking speed is about 1.54 
m s-1. An escalator travels slantwise at about 36 
meters per minute and at a 30º slope. The 
duration of walking and escalator riding may be 
calculated as follows: 3 min ≈ 100 m ÷ (1.54 m s-1 
· 60 s min-1) + 35 m ÷ (36 m min-1 · sin 30º).13  

The DEIS acknowledges that maglev wait 
time W and transfer time T are components of 
total travel time, but the DEIS does not reveal the 
value or range of values that it uses for these two 
quantities. Worse yet, the DEIS makes no 
mention of another component of total travel 
time, a component that transportation modelers 
call "transfer penalty." 14 

The transfer penalty for having to switch 
between car and maglev and then back to car is 
represented by TP in Equation (1). It is common 
practice in transportation models to include a 
transfer penalty that represents the disincentive 
that customers feel when they contemplate a trip 
that requires them to switch travel modes. While 
this transfer penalty is expressed in minutes, it is a 
factor that is added in addition to the actual 
minutes that the customer would spend to 
perform the mode transfer. The present article 
uses a transfer penalty TP of 4 minutes in addition 
to the time T that it would take to walk and ride 
escalators in the maglev stations. Four minutes is a 
conservative estimate for transfer penalty because 
the US Department of Transportation 
recommends a transfer penalty of 12 to 15 minutes 

                                                   
13 100 m horizontally by walking and 35 m vertically by escalator: Appendix D4, pg. D-36; 30º slope and 36 m min-1 

escalator speed: Encyclo. Britannica 2021; 1.54 m s-1 walking speed: Willen et al. 2013, pg. 66. 
14 "Transfer and wait times out-of-vehicle as well as in-vehicle time": Appendix D4, pg. D-36; transfer penalty 

important: Willumsen 2014, pg. 210. 
15 Transfer penalty equivalent to 12-15 minutes of in-vehicle time: DOT 1997, pg. 40; similar values for transfer 

penalty: Guo and Wilson 2004, Table 1; use the same value for transfer penalty if the trip includes f1 or more mode 
changes: DOT 1997, pg. 41; transfer penalty is "typically expressed in terms of time" and "is over and above any 
actual travel or connecting time, as transfers are often the most onerous aspect of a trip": DOT 2011, pg. 47. 

for a trip that includes one or more mode 
transfers.15 

Having an expression for maglev total travel 
time (Equation 1) makes it possible to calculate 
the travel time that would be saved by taking a 
maglev-assisted trip instead of driving directly to 
the destination (Equation 2):  

(2) Travel-time saved 
DT = Cdirect - Tmaglev 
DT = Cdirect - (C1+W+T+TP+LH+C2) 

The time to drive directly to the destination is 
represented by Cdirect. 

The Maximum Travel-Time Saved 

The maximum travel-time savings would occur in 
a small category of origin-destination pairs. In this 
category of trip, both maglev stations are located 
along an optimal route that a car traveler could use 
to drive from trip origin to trip destination. In 
other words, the maglev would save a traveler the 
most time if stopping at a maglev station would 
not take the traveler out of his or her way. 

If both maglev stations are on the way when 
driving between trip origin and destination, then 
the time to drive directly to the destination Cdirect 
can be expressed as C1 + Cbetween + C2 where Cbetween 
is the time to drive between the two maglev 
stations (see Figure 5). In this theoretical 
situation, the C1 and C2 terms can be canceled 
from the general equation for travel-time saved 
(Eq. 2) to arrive at a shorter expression (Eq. 3) 
that represents the theoretical maximum travel-



 14 

time saved. The author has not been able to locate 
any trip origin-destination pairs that achieve this 
theoretical maximum value. A few origin-
destination pairs were found with travel-time 
savings that were a few minutes less than this 
theoretical maximum. 

(3) Maximum travel-time saved 
DTmax = Cbetween - ( W + T + TP + LH ) 
DTmax = Cbetween - M 

where M equals W + T + TP + LH. 
In Equation (3), the time Cbetween to drive 

between Mount Vernon Square and Camden 
Yards is typically about 70 minutes in rush-hour 
traffic if one averages the duration of northbound 
and southbound trips. The same trip takes only 
about 50 minutes in light traffic. The data 
considered in choosing the round numbers of 50 
and 70 minutes are show in Table 1. Throughout 
the present article, the reported car travel time 
between two points is the average of the trip 
duration were the trip made in either direction. As 
stated in Table 1, the present article examines 
rush-hour and light traffic using trips that begin at 
5 PM Monday and 8 AM Sunday, respectively. 

Equation (3) should be evaluated separately 
for different trip configurations. For example, the 
three rows of Table 2 evaluate Equation (3) for 
rush-hour service, for maximum maglev service 
during times of light road traffic, and for 
minimum maglev service during times of light 
road traffic. Table 2 calculates the values for 
maximum travel time saved, DTmax, from the 
values for Cbetween and M that are stated in the 
table. The quantity Cbetween depends on the maglev 
stations used and the level of road congestion. The 
quantity M depends on the maglev stations used 
and on the frequency of maglev trains.  

Creating Travel-time Penalty Maps 

To map how far from each maglev station the 
maglev ridership area extends, it is desirable to 
map the degree to which travel to a maglev station 
takes the customer out of their way. In other 
words, one creates a travel-time penalty map. 

The first step to creating such a map is to 
examine a set of points scattered throughout one 
city, holding the other end of the trip fixed in the 
other city. For example, Equation (4) is an 
expression for the travel-time saved when the trip 

Table 1: Data considered in establishing travel time Cbetween by car between maglev stations.a 

Traffic level Start time 

Nominal 
car trip 

duration 

Bing Maps 
Route API 

 Bing Maps 
web page 

 Google Maps 
web page 

NB SB  NB SB  NB SB 

Travel between Baltimore's Camden Yards and Washington's Mount Vernon Square 
Rush hour 5 PM Monday 70 78 68  76 69  50–75 50–70 
Light traffic 8 AM Sunday 50 49 48  49 49  40–60 35–55 

Travel between BWI Airport and Washington's Mount Vernon Square 
Rush hour 5 PM Monday 63 70 59  68 59  40–70 40–65 
Light traffic 8 AM Sunday 43 43 43  43 43  35–55 35–50 

a All values are in minutes. "NB" and "SB" stand for "northbound" and "southbound" trips between 
the two cities. The Bing Maps Route API is described in Appendix 1 of the present article. The 
interactive Bing Maps and Google Maps web pages are https://www.bing.com/maps and 
https:///www.google.com/maps. 
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origin is moved all around the city that contains 
the initial maglev station (so C1 > 0) while the trip 
destination is fixed at the final maglev station (so 
C2 = 0): 

(4) Travel-time saved when the trip origin is a 
variable distance away from maglev station 1 
and the destination is maglev station 2 
DT1 = Cdirect - ( C1 + W + T + TP + LH ) 

The second step is to calculate the travel-time 
penalty P1, which means the degree to which 
travel to maglev station 1 takes the traveler out of 
their way. To arrive at the penalty expressed in 
Equation (5), subtract the travel-time saved DT1 
for a particular trip (Eq. 4) from the maximum 
travel-time saved DTmax (Eq. 3): 

(5) Travel-time penalty 
P1 = DTmax - DT1 ≥ 0 
P1 = (Cbetween - M) - ( Cdirect - {C1+M} ) 
P1 = Cbetween - Cdirect + C1 

In the above equations, M equals all of the 
components of a maglev-assisted trip other than 
car travel to and from maglev stations: W + T + 
TP + LH. An analogous equation to Equation (5) 
could be stated for C1 = 0 and C2 > 0. 

To a good approximation, the travel-time 
penalty associated with a point depends exclusively 
this point's relation to the nearest maglev station. 
This penalty is largely independent of where the 
other terminus of the trip is in relation to the 
other maglev station. The reason why is that most 
trips between Baltimore and Washington go 
through the same segment of Interstate 95, a 
segment that lies between the two cities. 

Table 2. Maximum travel-time saved DTmax and the values of Cbetween and M that define maximum 
travel-time saved in Equation (3).a 

Road traffic and maglev 
frequency W b 

Time to drive to/from Mt. Vernon Sq., 
Cbetween (quantity M)c 

 Maximum travel-
time saved,  DTmax

d 
Camden 

Yards 
BWI 

Airport 
 Camden 

Yards 
BWI 

Airport 

Rush hour and 8 minutes 
between departures 4 70 

(33=4+6+4+15) 
63 

(30=4+6+4+12) 
 41 37 

Maximum service during 
light road traffic: 15 minutes 
between departures 

7.5 50 
(36.5=7.5+6+4+15) 

43 
(33.5=7.5+6+4+12) 

 
17.5 13.5 

Minimum service during 
light road traffic: 30 minutes 
between departures 

15 50 
(44=15+6+4+15) 

43 
(41=15+6+4+12) 

 
10 6 

a All values in the table have units of minutes. 
b Average wait time for boarding a maglev in minutes. 
c Based on Table 1, Cbetween is 70 and 50 minutes for rush hour and in light road traffic and Cbetween is 7 

minutes less for BWI than for Camden Yards. 
d DTmax is 4 minutes less for BWI than Camden Yards because (1) the 7-minute difference in Cbetween and 

(2) the 3-minute difference in M because the maglev line-haul time is 12 minutes Washington to BWI 
vs. 15 minutes Washington to Camden Yards.  
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Equation (6) gives an expression for travel-
time saved for a particular trip origin-destination 
pair as a function of the travel-time penalty at the 
Baltimore and Washington ends of the trip. The 
present article evaluates Equation (6) using a 
maglev station at Camden Yards and evaluates the 
equation again using a maglev station at BWI 
airport. The value most favorable to the maglev is 
selected as the travel-time saved DT for this 
origin-destination pair. 

(6) Travel-time saved 
DTCamden = DTmax,Camden - ( PCamden + PDC ) 
DTBWI = DTmax,BWI - ( PBWI + PDC ) 
DT = max( DTCamden , DTBWI ) 

Table 3 contains a proof that Equation (6) is 
consistent with the definition of travel-time saved, 
i.e., Equation (2). 

Figures 6, 7, and 8 are the travel-time penalty 
maps for three scenarios: rush hour if using the 
Camden Yards maglev station, rush hour if using 
the BWI maglev station, and light road traffic 
using the Camden Yards maglev station. No map 
is generated for light road traffic using the BWI 
maglev station because, to a first approximation, 
no trips ending outside of the airport terminal 
itself can save the customer 8 to 27 minutes of 
travel time when road traffic is light. 

Technical Details of Using the Bing 
Maps Route API 

Equation (5) is evaluated using a Unix shell script 
that makes calls the Bing Maps Route application 
programming interface (API). As of early 2021, 
the API is called by accessing a URL with the 
following format: 16 

https://dev.virtualearth.net/REST/
V1/Routes/Driving?o=xml& 
wp.0=START&wp.1=END&dateTime=TIME

                                                   
16 Microsoft 2018. 
17 Microsoft 2018; https://www.qgis.org/en/site/. 

&optimize=timeWithTraffic&key=KEY 

where KEY is the license key that Microsoft has 
assigned to the user. START and END are 
latitude-longitude points in the format of north 
latitude followed by east longitude (e.g., 
"39.284086,-76.619157"). TIME is a date-time 
string formatted mm/dd/yyyy%20HH:MM:SS 
where mm is month, dd is day, yyyy is year, HH is 
hours in the local time zone, MM is minutes, and 
SS is seconds (e.g., "04/04/2021%2008:00:00"). 
The API outputs its HTTP response in the JSON 
format. From the JSON output, extract the 
TravelDurationTraffic field and divide by 60 to 
convert from seconds to minutes. From a scatter 
of trip origin and destination points, identify 
contours of travel-time penalty and display them 
in QGIS. 17 

The Bing Maps documentation does not 
describe the method that Microsoft uses to 
estimate the average duration of car travel at 
various times of day and days of the week. It 
appears that, for trips at least one week in the 
future, long-term average driving conditions 
dominate rather than observed, recent traffic 
conditions. 

Incorporating US Census Data into 
Travel-time Penalty Maps 

The present article adjusts the travel-time penalty 
maps at the Baltimore end of the trip using two 
ideas stated in the maglev's draft environmental 
impact statement (DEIS). 

First, the DEIS states that most maglev 
customers would start and end their trips within 
25 miles of a maglev station to a first 
approximation. For this reason, the present article 
excludes from the maglev ridership area the 
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portions of Baltimore County and Carroll County 
that are further than 25 miles from the downtown 
Baltimore maglev station.18 

Second, the DEIS states that the 25-mile 
radius should be expanded or contracted based on 
where in the region there is an appreciable number 
of people who currently travel between Baltimore 

and Washington. Based on this idea, the present 
article excludes Hartford County after consulting 
US Census data. The 2011–2015 American 
Consumer Survey (ACS) of the US Census 
reported that an insignificant number of 
commuters travel between Hartford County and 
Washington.19 

 
 

 
 
Figure 6. The rush-hour travel-time penalty map when the Baltimore end of the trip uses the maglev 
station proposed at Camden Yards. The contours of travel-time penalty are defined by Equation (5) 
and discussed in Appendix 1 of the present article. The penalty in minutes represents how far out of 
the way the maglev stations are for people traveling between Baltimore and Washington. 

                                                   
18 25-mile radius: Appendix D2, pg. C-106. 
19 ACS data download: US Census Bureau 2015; ACS documentation: US Census Bureau 2017; Example of use of 

ACS commuter data: Roy 2017. 
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Figure 7. A different 
realization of the rush-hour 
travel-time penalty map. 
The penalty contours in this 
map differs from those in 
Figures 6 because, to 
generate this map, the 
traveler is assumed to use the 
maglev station proposed at 
BWI airport instead of the 
one proposed at Camden 
Yards. 
 

Figure 8. The maglev travel-
time penalty map that 
applies when road traffic is 
light and the traveler uses 
the maglev station proposed 
at Baltimore's Camden 
Yards. The penalty contours 
in this map are generated in 
the same was as those in 
Figures 6 except that this 
map is generated for times 
when road traffic is light. 
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Table 3. A proof that Equation (6) for travel-time saved is consistent with the definition of travel-time 
saved, i.e., Equation (2). 

Statement Justification 

1. DT = DTmax - (P1 + P2) The equation to be validated (Eq. 6) 

2. DT = DTmax - (DTmax - DT1) - (DTmax - DT2)  Substitute the definition of travel-time penalty at 
both ends of the maglev trip, P1 and P2 

3. DT = DT1 + DT2 - DTmax Cancel DTmax - DTmax 

4. DT = (T1 - maglev1) + (T2 - maglev2) - DTmax 
Substitute the definition of travel-time saved for 
trips between point p1 and maglev station s2 or 
between point p2 and maglev station s1 

5. DT = (Td1 + X2) - (C1 + M) + (Td2 + X1)  
- (C2 +M) - DTmax 

Substitute the duration of car travel (T1) and 
maglev-assisted trip (maglev1) from point p1 to 
maglev station s2 or of car travel (T2) and maglev-
assisted trip (maglev2) from point p2 to station s1 

6. DT = (Td1 + Td2) - (C1 + C2 + M)  
+ (X1+ X2 - M) - DTmax 

Reorder terms 

7. DT = Tdirect - Tmaglev + (Cbetween - M) - DTmax Substitute definitions of Tdirect, Tmaglev (Eq. 1), and 
Cbetween 

8. DT = Tdirect - Tmaglev Cancel out DTmax = Cbetween - M to arrive at the 
definition of travel-time saved, Equation (2) 

 



 20 

Appendix 2  
Using the Travel-time Penalty Maps 
to Estimate the Maglev Ridership 
Area 
The goal is to identify the counties and cities that 
are within the ridership area of the proposed 
Baltimore-Washington maglev. Ridership area 
refers to the area surrounding each maglev station 
that contains the trip-origin and trip-destination 
points of most maglev customers. The present 
article identifies the ridership area based on how 
much travel time could be saved by riding the 
maglev. 

Specifically, this appendix describes a method 
for identifying the maglev ridership areas as the 
area where the maglev would save a traveler 
approximately 8 to 27 minutes relative to the time 
that the traveler would otherwise spend driving 
directly to his or her destination. Examining 
travel-time saved is a valid way to model if a 
traveler would chose a transportation mode that is 
more expensive than other options. Serving as a 
guide for the present article, the maglev's draft 
environmental impact statement (DEIS) simulates 
a customer's decision to ride the maglev based on 
whether the customer would find the travel-time 
saved to be worth the cost of the maglev ticket. 
The present article uses the DEIS's 8-to-27-
minute range for travel-time saved because the 
author does not know of a compelling reason to 
use a different range for travel-time saved.20 

The DEIS describes the area where it looked 
for potential maglev customers but the DEIS does 
not mention where its analysis found that most 
maglev riders would start and end their trips. The 

                                                   
20 time vs. cost: Willumsen 2014, pg. 77; trip 

characteristics vs. implied value of time: Appendix D2, 
pg. D-107. 

DEIS ridership model was run over an area 
approximately defined by a 25-miles radius from 
each maglev station.21 

This appendix uses the travel-time penalty 
maps (Figures 6 to 8) in order to generate maps of 
the maglev ridership area (Figures 2 to 4) under 
different levels of road congestion. 

Travel-time saved with a maglev-assisted trip 
may be represented as the maximum travel-time 
saved minus the sum of the travel-time penalties 
at the Baltimore and Washington ends of the trip 
as calculated by Equation (6). For rush hour, these 
results are shown in two travel-time penalty maps, 
Figures 6 and 7. There is a separate map for when 
the traveler uses the maglev station proposed for 
Baltimore's Camden yards (Figure 6) and another 
when the traveler uses the maglev station proposed 
for BWI airport (Figure 7). 

If one end of the trip is forced to be near the 
maglev station in one city then the other end of 
the trip may extend further from the maglev 
station in the other city with the stipulated travel-
time savings still being achieved. In other words, 
one has options about how to divide the available 
"time penalty" between the Baltimore and 
Washington ends of the maglev-assisted trip. Two 
such options are explored below. 

The Maglev Ridership Area During 
Rush Hour: Maximizing Washington  
Area Locations Reached 

One option is to use most of the available time 
penalty at the Washington end of the trip, which 
expands the maglev ridership area there. As will be 
shown, this option permits up to 25 and 8 minutes 
of travel-time penalty at the Washington and 
Baltimore ends of the trip, respectively. In this 

21 8–27 minutes: Appendix D4, pg. C-6; 25-mile radius: 
Appendix D2, pg. C-106; urban core: Appendix D4, 
pg. C-6. 
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analysis, the customer may choose to use either 
the maglev station proposed at Baltimore's 
Camden Yards or at BWI airport just south of the 
city. 

First, consider trips that use the maglev station 
proposed for Camden Yards. To check that the 
penalty budget has been correctly applied, use 
Equation (6), subtracting the penalties for the two 
cities from the maximum travel-time saved stated 
in Table 2: 8 = 41 - (25 + 8). The closest penalty 
contours drawn in Figure 6 are the 25-minute and 
7-minute penalty contours at the Washington and 
Baltimore ends of the trip, respectively. 

Second, consider trips using the maglev 
station proposed next to the main terminal of 
BWI airport. In this case, at least 3 minutes of 
travel time can be saved using the 25-minute and 
7-minute penalty contours in Figure 7. Again, 
these values can be checked with Equation (6): 5 = 
37 - (25 + 7). 

Combining the areas identified in the two 
preceding paragraphs, one finds that the maglev 
ridership area during rush hour includes about half 
of the District of Columbia; most of Arlington 
County, City of Alexandria, and City of 
Baltimore; and less than half of the Baltimore 
County suburbs. A small area of westernmost 
Fairfax County and a small area adjacent to BWI 
airport can be reached. This realization of the 
combined Camden-Yards-and-BWI rush-hour 
maglev ridership area is shown in Figure 2. 

The reason that the BWI maglev station 
contributes such a small portion of the maglev 
ridership area is that the neighborhoods near BWI 
are well served by Interstates 95 and 295, routes 
that go directly to Washington. The fence around 
the BWI runways blocks quick access to the BWI 
maglev station except from one direction, the 
west. 

The Maglev Ridership Area During 
Rush Hour: Maximizing Baltimore Area 
Locations Reached 

Instead of maximizing locations reached at the 
Washington end of the trip, one could maximize 
locations at the Baltimore end of the trip. To do 
so, pick different contours in the rush-hour 
penalty maps (Figures 6 and 7). One needs to be 
careful to preserve a large enough area at the 
Washington end of the trip that at least some 
people would find the trip worth making. For 
example, using a 7-minute penalty in Washington 
results in an essentially useless set of trips. In 
contrast, a 15-minute penalty contour in 
Washington gives a small, but reasonable set of 
destinations. Using a 15-minute penalty in 
Washington allows only a 15-minute penalty at 
the Baltimore end of the trip if the 8-to-27-
minute travel-time savings target is to be 
maintained. 

Equation (6) can be used to verify that using a 
15-minute travel-time penalty at both ends of the 
trip is consistent with savings about 8 to 27 
minutes of travel time overall. Using the Camden 
Yards maglev station, Equation (6) gives 11 = 41 - 
(15 +15), and using the BWI maglev station, 
Equation (6) gives 7 = 37 - (15 + 15). 

Figure 7 shows that the BWI maglev station, 
not the Camden Yards maglev station, services a 
small part of eastern Carroll County and northern 
Anne Arundel County. Were the BWI maglev 
station taken out of service or if it became 
painfully congested because of maglev customers 
added to existing airline customers, then the 
maglev ridership area would shrink and it would 
no longer contain these portions of Carroll and 
Anne Arundel Counties. This portion of Carroll 
County is sparsely populated and this portion of 
northern Anne Arundel County contains Glen 
Bernie and Pasadena. 
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While it seems impressive at first glance to 
have such a large ridership area at the Baltimore 
end of the trip, few people would find this set of 
trips useful because much of the District of 
Columbia cannot be reached. The excluded 
portions of the District of Columbia include the 
Capitol building, Capitol Hill, most of the 
District's residential areas, and the federal offices 
just south of the National Mall. 

The Maglev Ridership Area when Road 
Traffic is Light 

Compared to rush hour, the biggest difference in 
light road traffic is that car travel is much faster. 
Another important difference is that the frequency 
of maglev trains is less outside of rush hour, with 
the average wait time between trains increasing 
from 5 minutes to either 7.5 or 15 minutes. 

First, consider the maximum frequency of 
maglev service outside of rush hour: maglev 
departures every 15 minutes in each direction. In 
this case, Table 2 gives the theoretical maximum 
travel-time savings for the Camden Yards and 
BWI maglev stations as 17.7 and 13.4 minutes, 
respectively. After subtracting 7 minutes for 
Washington penalty and 8 minutes of DEIS-
specified travel-time savings, then the result is a 
very small or non-existent amount of travel-time 
penalty available at the Baltimore end of the trip. 
Specifically, 2.7 minutes or nothing for travel that 
uses the Camden Yards or BWI maglev stations. 

This result can be checked using Equation (6): 
8 = 17.7 - (7 + 2.7) and 8 = 13.4 - (7 + x) where x 
cannot be positive. For Camden Yards, the 
closest-matching penalty contour in Figure 6 is 
selected, which is the 2-minute contour, and the 
result is the light-traffic maglev ridership area that 
is shown in Figure 4. The BWI maglev station 
would have no utility outside of rush hour beyond 
providing access to the BWI airport terminal 

itself. For this reason, no penalty map needs to be 
drawn for the BWI maglev station when road 
traffic is light.  

Summarizing the above results, the maglev 
ridership area when road traffic is light is at best a 
small portion of downtown Washington and 
downtown Baltimore, as shown in Figure 4. 

There are three aspects worth noting about the 
maglev's limited utility when road traffic is light. 
For one thing, the travel-time saved in light road 
traffic is near the bottom of the target range, 
which is the DEIS-specified 8-to-27-minute 
range. Using the Camden Yards maglev station, 
the possible travel-time saving is 10.5 to 17.5 
minutes (DT Î [10.5,17.5] = 17.5 - [2+5,0]). This 
is a disappointing amount of travel-time saving, 
suggesting that when road traffic is light only 
wealthier maglev customers would find the travel-
time savings sufficient to justify the $40 to $80 
maglev ticket price. 

Second, the maglev ridership area in light 
traffic contains merely a small portion of 
downtown Washington and downtown Baltimore. 
The area excludes most of the District of 
Columbia’s residential areas and the federal offices 
south of the National Mall. It excludes part of 
downtown Baltimore and all of the Baltimore 
County suburbs. 

Third, this ridership area outside of rush hour 
exists only at the maximum maglev service level 
outside rush hour, i.e., departures every 15 
minutes in each direction. At the minimum 
service level (departures every 30 minutes in each 
direction), the maglev ridership area is essentially 
non-existent. 
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Appendix 3  
The Washington Subway's Limited 
Impact on the Maglev Ridership Area 
This appendix shows that, to a first 
approximation, the maglev ridership area may be 
identified without reference to the Washington 
subway, the subway locally known as the "Metro." 
In other words, this appendix establishes that it is 
a valid simplification for Appendix 1 of the 
present article to model maglev customers as 
travelling by car, not by subway, to and from the 
maglev station proposed at Mount Vernon Square 
in downtown Washington.  

Subway Trip Duration 

The total duration Dsubway (minutes) of a subway 
trip is the sum of the following terms: 

(7) Travel time by subway to the maglev 
station in downtown Washington 

Dsubway = Fs + Ts + Ws + LHs 

where Fs is the time to walk or drive from the trip 
origin to the subway-station entrance. Ts is the 
sum of the time to walk through the initial subway 
station to reach the platform and the time, at the 
other end of the subway trip, to walk from the 
platform of the final subway station to the 
entrance of the maglev station. Ws is the average 
time spent waiting to board the initial subway 
train. LHs is the line-haul time for the subway 
trip, i.e., the time between boarding the train at 
the initial subway station and disembarking the 
train at the final subway station. 

Equation (7) calculates the duration of a 
subway trip in one direction. However, the trip 

                                                   
22 Time between subway train departures found on the 

timetable: 
https://www.wmata.com/schedules/timetables/. 

duration would be essentially the same if the 
subway trip were made in the reverse direction, 
i.e., starting at the Mount Vernon Square maglev-
station entrance and riding the subway toward the 
trip destination. 

In calculating the values in Table 4, Fs is set to 
zero. In other words, Table 4 shows the travel 
time if one starts the trip exactly at the entrance of 
a subway station. Once a subway station of 
interest has been identified, one can increase Fs 
until the total travel time reaches the maximum 
value that still allows the traveler to save the 
DEIS-specified 8 to 27 minutes of travel time on 
the maglev-assisted trip. 

The time to walk through the initial and final 
subway stations is taken to be 3 minute for each 
station, so the total for both ends of the subway 
trip would be 6 minutes for Ts. This estimate is 
based on the estimate made in Appendix 1 of the 
present article that found a walk time of 3 minutes 
in a maglev station. Maglev stations are roughly 
similar in size to Washington subway stations. In 
Equation (7), the Mount Vernon Square maglev-
station entrance is assumed to be immediately 
adjacent to the Mount Vernon Square subway-
station entrance. 

The Washington Metropolitan Area Transit 
Authority (WMATA), the organization that runs 
the Washington subway system, states as of 
March 2021 that the time between subway trains 
during weekday rush hour is 6 minutes on the Red 
Line and 12 minutes on the other subway lines. 
Taking half the time between train departures as 
the average wait time, makes Ws 3 to 6 minutes 
depending on which subway line is taken.22 
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Subway line-haul times may be estimated 
using WMATA's trip-planner web page. The 
line-haul time may include intermediate station 
stops and/or a transfer from one subway line to 
another. In Table 4, the time to transfer is 
assumed to be half of the time between trains on 
the line that the passenger is transferring to.23 

Three Criteria for Identifying Which 
Subway Stations Would Expand the 
Maglev Ridership Area 

There are three criteria that a subway station must 
meet if it is to expand the maglev ridership area 
beyond the maglev ridership area calculated in 
Appendix 1 that assumes car travel takes people to 
and from maglev stations. 

The first criterium is that riding the subway to 
the maglev station must take less time than 
driving there. Stations that meet the first criterium 
can be identified in Table 4 as stations where the 
minutes in the Subway column are lower than the 
range of minutes in the "Car (Bing)" column. 
Stations that meet this criterium have their entry 
in the Subway column in square brackets. 

The second criterium is that the subway 
station must be outside of the rush-hour maglev 
ridership area calculated in Appendix 1. The 
square brackets around entries in the Penalty 
column of Table 4 identify stations that meet this 
criterium. Specifically, the square brackets are 
used for travel-time penalties of up to 10 minutes 
greater than the 25-minute limit in Washington 
rush hour that was discussed in Appendix 2.  

The third criterium is that the maglev-assisted 
trip using the subway must save the DEIS-
specified 8 to 27 minutes of travel time. Table 4 
can be used to identify which stations satisfy the 
third criterium during rush hour. One calculates 

                                                   
23 Time between stations: 

https://www.wmata.com/schedules/trip-planner/.  

how many minutes faster taking the subway to the 
maglev station is compared to driving to the 
maglev station (subtract the Subway column from 
the "Car (Bing)" column). One determines 
whether this difference is at least as great as the 
number of minute that the Penalty column is 
greater than the 25-minute limit discussed in 
Appendix 2. Examples of this calculation are given 
below. 

Applying the Three Criteria to Specific 
Subway Stations 

Table 4 allows us to explore which subway stations 
expand the maglev ridership area over what would 
exist if the subway were not an option for traveling 
to or from the Washington maglev station. 

Consider the 25-minute travel-time penalty 
that was used in Appendix 2 when optimizing the 
maglev ridership in Washington during rush hour. 
In this case, the only subway stations that satisfy 
all three criteria specified in the previous section 
are PG Plaza and Franconia-Springfield. To 
indicate that these stations meet all three criteria, 
their entries are written in square brackets in the 
leftmost column of Table 4. 

The rush-hour maglev ridership area would 
only slightly expand by the inclusion of a small 
area around the PG Plaza and Franconia-
Springfield subway stations. During rush hour, it 
would be 15 or 10 minutes faster to ride the 
subway from PG Plaza or from Franconia-
Springfield to the Mount Vernon Square maglev 
station than it would be to drive to the Mount 
Vernon Square maglev station from the entrances 
of these two subway stations. Driving from the 
PG Plaza or Franconia-Springfield subway 
stations to the maglev station would be 9 or 4 
minutes beyond the 25-minute penalty contour. 
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Combining this information, the net travel-time 
savings using the subway is only 6 minutes (6 = 15 
- 9; 6 = 10 - 4 ). In rush-hour traffic, one cannot 
start a trip very far from the PG Plaza or 
Franconia-Springfield subway station and reach 
the subway station in 6 minutes. It appears that 
only about a 1-mile radius from each of the two 
subway stations can be reached in this way. This 
one-mile radius would result in a small expansion 
beyond the maglev ridership area that assumes car 
travel to and from maglev stations. 

Alternatively, one could consider a 15-minute 
travel-time penalty in Washington that was used 
when maximizing the maglev ridership area in 
Baltimore in Appendix 2. In this scenario, the 
Pentagon and Columbia Heights subway stations 
just barely satisfy all three criteria, leaving no time 
to walk or drive to them. For this reason, it 

appears that these stations would add such a small 
area to the maglev ridership maps that this area 
would not be easily visible on the maps. 

Outside of rush hour, car travel is faster than 
during rush hour and subway trains less frequent 
than during rush hour. For these two reasons, the 
subway does not expand the maglev ridership area 
at all outside of rush hour. 

To summarize, preliminary analysis suggests 
that subway travel to or from the Mount Vernon 
Square maglev station would create only a small 
expansion of the maglev ridership area, and it 
would do so only during rush hour. To a first 
approximation, it is safe to calculate the maglev 
ridership area under the simplifying assumption 
that people travel by car to and from maglev 
station, not by subway.  
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Table 4. Trip duration in minutes during rush hour to travel to the proposed downtown Washington 
maglev station at Mount Vernon Square. Travel to the maglev station is either by subway or by car.a

 

Initial subway 
station or start of 
the drive to the 
maglev station 

Subway line-haul time  Travel time to maglev station  

1st 
leg Transfer b 

2nd 
leg  Subway c 

Car d 
(Google) 

Car e 
(Bing) Penalty f 

 Green Line 
Greenbelt 26 -- --  [35] 22–45 39–48 79 
[PG Plaza] 18 -- --  [27] 18–45 41–42 [34] 
West Hyattsville 15 -- --  [24] 16–40 33–35 22 
Fort Totten 12 -- --  [21] 12–30 27–33 16 
Columbia Heights 5 -- --  14 7–16 15–22 19 
Shaw 1 -- --  10 3–8 6.5–7.5 8 
Gallery Place 2 -- --  11 2–6 4.1–4.9 4 
L'Enfant Plaza 6 -- --  15 5–14 12–13 19 
Naylor 21 -- --  30 14–30 22–28 [31] 

 Yellow Line  

Pentagon 12 -- --  21 12–22 20–29 19 
Alexandria 21 -- --  30 16–30 34–40 27 
Huntington 27 -- --  36 20–35 33–38 [27] 
[Franconia] 29 -- --  [38] 24–45 46–51 [29] 

 Red Line transferring to Green or Yellow Line at Gallery Place  
Woodley Park 8 3 2  19 8–22 17–19 17 
Farragut North 3 3 2  14 6–16 12–13 3 
Metro Center 2 3 2  13 4–10 7.3–7.7 7 
Union Station 5 3 2  16 7–18 11–18 16 

 Orange Line transferring to Green or Yellow Line at L'Enfant Plaza  

Vienna 37 3 6  58 28–40 39–40 [35] 
Federal Center 7 3 6  28 6–16 13–14 19 

a The square brackets are explained in Appendix 3 of the present article. 
b The average time is 3 minutes to transfer to a train on the Green or Yellow Lines at Gallery Place or 

L'Enfant Plaza. Assuming each of these two lines has a train departing every 12 minute, that means a 
departure every 6 minutes and an average wait time of half that (3 minutes). 

c As defined in Equation (7), the total time to travel by subway from the entrance of the subway station 
listed in Table 4's leftmost column to the entrance of a maglev station at Mount Vernon Square. To 
calculate total subway travel time, add 3+3 for Ts+Ws to the line-haul time if the trips starts on the Red 
Line, or add 3+6 if the trip starts on any other subway line. 

d The range of car-travel trip durations provided by interactive Google Maps web page, 
https://www.google.com/maps. 

e Car-travel trip duration provided by the Bing Maps Route API. A range is stated in the table because 
the API calculates a different trip duration depending on the direction of travel. 

f Maglev travel-time penalty at the entrance of the subway station stated in the leftmost column of Table 
4, as calculated by Equation (5) of Appendix 1. 


