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to continue to grow. In addition, regional land values suggest that new, lower-
cost housing more likely would be built in areas farther from the urban core. 
 
Building housing near employment is seen as a development strategy that might 
reverse or slow the trend of gradually increasing commuting distances. While this 
is a reasonable expectation, it needs to be viewed in context. If a couple acquires 
a residence at the location of one person’s workplace, the other partner still may 
need to commute by auto or transit. People change jobs or are relocated by their 
employer, and new job opportunities are constantly being created throughout the 
region. The problem is that it is simple to locate an individual near a job, but it is 
almost impossible to locate an entire household somewhere with short 
commuting distances for all household members.  
 
The longest-distance commuting option shown in Table 8 is drive-access transit, 
which increased from an average distance of 13.3 miles in 1991 to 15.6 miles in 
2001. Another development strategy that could reduce transportation impacts is 
transit-oriented development; and new and existing suburban housing 
developments are advertised routinely as being convenient to the expanding 
commuter rail system. Since 1991, commuter rail service has been introduced to 
distant commuting markets in Newburyport, Middleborough and Plymouth, and 
service to Worcester and Providence has been greatly increased. As in the 
previous example, one household member may have a convenient commute by 
transit to the urban core, but other household members might commute to any 
regional location. 
 
Commuting Today 

We may form a more complete picture of study-area commuting by using 
information from the 2011 Massachusetts Travel Survey to divide 2010 Census 
commuting data into distinct commuting patterns. Commuting trends are difficult 
to estimate reliably at this level of detail, and only the 2011 commuting data has 
been summarized in Table 9. 
 
About one-fourth of the employed study area residents make what is referred as 
a “reverse commute,” meaning that they reside in a defined urban core but 
commute to work in an outlying area. Most of these 142,500 commuters drive to 
work, as shown in the right-most column of Table 9. 
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Table 9 
Study Area Commuting Patterns in 2011 

Commute Mode 
Radial 

Commutes 
 Within  

Study Area 
 Reverse 

Commutes 
 

Commuting Options: 
 
 

 
 

 
 

Private vehicle 174,500  153,100  126,900  
Transit 150,600  153,300  11,900  
Other modes 15,800  87,200  3,700  
Work at home N/A  20,200  N/A  

Total Commuters 340,900  413,800  142,500  
Mode Share Percentages: 

 
 

 
 

 
 

Private vehicle 51.2 % 37.0 % 89.1 % 
Transit 44.2  37.0  8.4  
Other modes 4.6  21.1  2.6  
Work at home N/A  4.9  N/A  

All Commuting Options 100.0 % 100.0 % 100.0 % 
N/A = Not applicable or available.  
Source(s): US Census Bureau, and 2011 Massachusetts Travel Survey. 
 
The three-quarters of employed study-area residents who also work in the study 
area make up 55 percent of the study area’s workforce, and their travel mode 
preferences are shown in the middle column of Table 9. Because these 
commutes both begin and end in the study area, the use of “other modes” is 
comparatively popular. These include walking, bicycling, and traveling by taxi, all 
of which are generally used for shorter trips than auto or transit. As seen in the 
lower part of Table 9, 21 percent of “other modes” are used for commutes 
entirely within the study area. At 37 percent, autos have their lowest share in this 
commuting market segment. 
 
The remainder, 45 percent, of the study area workforce lives outside of the study 
area and makes a traditional “radial” commute—that is, with the workplace in the 
urban core and the residence in a suburb. At 42 percent, transit achieves its 
highest mode share in this market segment, but still is exceeded by driving, the 
choice of 51 percent of these commuters. Because of the longer commuting 
distances, the use of “other” modes is limited in this market segment. 
 
In Table 9, the commuting is concentrated during the AM and PM peak periods, 
and represents in aggregate the capacity and congestion burden that the region’s 
transportation systems must bear. The demographic and commuting trends 
discussed above clearly imply that these burdens will increase substantially in 
the future. 
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3.2 Travel Trends in the Transportation Subsystems 
Mass Transit Trends 

As shown in Table 7, 22 percent more study-area residents commuted by transit 
in 2010 than they did 30 years earlier in 1980. This figure agrees generally with 
the MBTA system ridership trends summarized in Table 10. During the 23-year 
period between 1990 and 2013, weekday use of all the MBTA’s fixed-route 
services increased by 17 percent. 
 

Table 10 
MBTA Average Weekday Ridership Trends, 1990–2013 

Mass Transit Subsystem 1990 2013 
23-Year 

Increase 
Percent 

Increase 
 

Red Line 181,800 237,800 55,900 31 % 
Orange Line 67,600 74,300 6,700 10  
Green Line 117,300 150,100 32,800 28  
Blue Line 50,200 52,300 2,100 4  
Northside commuter rail 14,400 25,000 10,600 74  
Southside commuter rail 23,200 41,900 18,700 81  
Bus 377,900 388,600 10,600 3  
Total System Entries 832,400 970,000 137,600 17 % 

Source(s): MBTA Ridership and Service Statistics, Fourteenth Edition, 2014, and National Transit Database. 
 
While the combined 17 percent ridership growth reflects overall commuting 
trends, the individual subsystems have experienced a wide range of growth. 
Because many transit trips require one or more transfers, too much should not be 
concluded from these growth differences. However, employment growth in 
places like Kendall Square and the Longwood Medical Area has contributed to 
strong Red and Green Line usage. In addition, ridership growth on the commuter 
rail is partly a result of system expansion and increased service on key lines. 
Growth in bus use appears low partly because in the 1990s buses substituted for 
Green Line service on the heavily used E Branch during its reconstruction. 
 
The MBTA has been able to accommodate this growth to some extent by adding 
capacity in parts of its operations. The implications for system congestion 
because of added capacity can vary, and depend on the nature of the capacity 
added. Often, a highly visible capacity expansion would be to introduce a new 
fixed-route service in a previously underserved area. New services since 1990 
include the three Old Colony commuter rail lines and the extension of commuter 
rail service to Newburyport. The Silver Line tunnel from a Red Line connection at 
South Station into the Seaport District also represents a new service to an 
underserved area. (Silver Line ridership is reflected in Table 10 in the bus and 
Red Line statistics.) These expanded services have been successful in attracting 
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new commuters to transit during peak periods. However, most of the new 
commuters must travel through the urban core to complete their trips, thus 
increasing congestion on already heavily congested transit lines.  
 
Increasing the maximum number of passengers that the transit system can carry 
at peak periods is a critical type of capacity expansion. While these types of 
expansions often lack the public flair of a ribbon cutting, they help determine the 
comfort, convenience, and ultimate success of transit services. Purchasing 
double-decked commuter rail coaches and lengthening the Blue Line platforms to 
accommodate six-car trains were important and highly visible peak-period 
capacity increases. Older Orange and Red Line station platforms were 
lengthened prior to 1990 to accommodate six-car trains. For a time, six-car trains 
were operated during peak periods and four-car trains at other hours of the day, 
but by the early 1990s, six car trains were the norm. Transit ridership outside of 
the peak periods has increased steadily over the years; and the Red, Orange, 
and Blue Lines now operate with six car trains at all hours.  
 
Several institutional issues had restricted the amount of commuter service that 
could be offered on the Worcester and Providence commuter rail lines. Before 
these issues were resolved, service to these major New England cities was 
mostly concentrated during peak periods. New institutional arrangements have 
allowed significantly expanded service on these lines, much of which, however, 
has been added outside of peak periods. 
 
Finally, the extension of many Silver Line buses to Logan Airport has been very 
successful and has accommodated a significant amount of Logan’s recent 
passenger growth. Travel to Logan Airport by both the Silver Line and the Blue 
Line is distributed throughout the day.  
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Roadway Trends 

Limited-access express highways are critical corridors that make vehicular travel 
practicable between and across the study area and its outer suburbs and 
Massachusetts as a whole. Because of its importance, extensive and detailed 
historical data for the express highway system in Massachusetts have been 
developed and published by MPO staff. These data were developed for average 
weekdays; a summary of statistics relevant to this study is presented in 
Table 111. 
 

Table 11 
Vehicle-Miles Traveled on Limited-Access Highways:  

Thousands of Vehicle-Miles on an Average Weekday, 1970–2010 

 
1970 1980 1990 2000 2010 

Average 
Annual 

Increase 
Study Area 2,800 3,800 4,600 5,200 5,700 73 
Outer suburbs 14,700 21,400 33,600 42,100 44,700 750 
Rest of state 5,800 8,900 13,400 17,700 20,000 355 
Statewide 23,300 34,100 51,600 65,000 70,400 1,178   

Source: Central Transportation Planning Staff. 
 
MPO staff can allocate traffic volumes to specific regions using the express 
highway historical database. In Table 11, the area cited as “outer suburbs” refers 
to 155 municipalities outside of the nine in the study area that altogether form the 
Boston Region MPO travel demand model region (see Figure 1), and includes 
most of the area generating commuter trips into the study area. 
 
Using weekday traffic on express highways to articulate traffic growth trends has 
certain implications. First, traffic on express highways is only a portion of overall 
traffic. The working assumption of this analysis is that overall traffic growth is 
roughly proportional to growth on the express highways. All traffic on limited-
access highways must begin and end travel some place on the surface roads, so 
traffic growth on the express highways generally is accompanied by growth on 
the surface roads. 
 
Another important implication of using weekday traffic as a measure is the way 
congestion is accounted for. As shown in Table 11, daily vehicle-miles traveled 
have steadily increased in all geographical areas. This is despite the fact that 
numerous locations on the express highway system, many of which are in the 
study area, reach their maximum capacity during the AM and PM peak periods.  
 
                                            

1 Traffic Volumes on Major Highways in Massachusetts, May 2007. 
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Increased daily traffic volumes impact already-congested roads in several ways. 
At the congested locations, the duration of peak congested conditions lengthens, 
as do the queues of traffic waiting to pass through the various bottlenecks. In 
addition, as queues lengthen at locations that have reached their maximum 
capacity, drivers seek alternate routes to bypass the bottlenecks. These alternate 
routes may be on a different express highway or on a parallel surface road. Over 
time, these alternate routes in turn can become congested. 
 
The underlying data presented in Table 11 are not of a nature that could inform 
the design of specific highway system elements. Their purpose is to illustrate the 
fact that traffic and associated congestion have been steadily increasing, though 
at a more moderate pace than in previous decades. 
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Chapter 4—Roadway Capacity Issues 
4.1 Roadway Capacity and Congestion  

The ability of study-area roadways to absorb additional traffic generated by 
anticipated future development is a major concern of this study. The capacity of 
the roadway system has been evaluated by estimating the linear extent of 
congested traffic conditions on major study area roadways during the AM and 
PM three-hour peak periods in the 2012 Base Year and the 2040 future year in 
two distinct growth scenarios. 
 
Staff used the Boston Region MPO travel demand model to estimate the extent 
and severity of traffic congestion for both 2012 and projected 2040 traffic 
conditions. The model includes a representation of all of the region’s express 
highways and arterial roadways and many local streets. Each segment of the 
roadway system represented in the model is characterized by a capacity based 
on its physical design, expressed as a maximum number of vehicles per hour. In 
Appendix B, we discuss the preparation and use of the travel demand model. 
 
The model estimates the amount of traffic on every segment of the roadway 
system for each modeled scenario by time period. The estimated volume of 
traffic is compared with the capacity of each roadway segment; this volume-to-
capacity ratio is the measure used to identify the presence and severity of traffic 
congestion. A volume-to-capacity ratio of less than 0.85 is sufficiently below 
capacity to allow acceptable vehicle speeds, whereas a value greater than 0.85 
is, for the purpose of this study, approaching capacity and is considered 
congested.  
 
As traffic on a roadway segment increases to greater than 0.85 of capacity, traffic 
slows, with the negative impact of each added vehicle increasing its travel time. 
As traffic slows to a crawl, fuel efficiency declines and emissions per mile of 
pollutants and greenhouse gases increase. Queues usually form behind a 
congested section, with vehicles creeping up to a bottleneck on a road section 
that normally would have adequate capacity.  
 

4.2 Base-Year and Projected Roadway Congestion 
Base-Year Congestion 

There are about 502 miles of limited-access express highways and arterial 
streets in the nine-municipality study area. In the 2012 Base Year, an estimated 
123 miles of these roads carried more than 0.85 of their capacity during the AM 
peak period, meaning that 24.5 percent of the study area’s major roadways were 
congested during this period (see Table 12). Base- and future-year congested 
roadways are listed and shown graphically in Appendix C. 
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Table 12 
Major Roadway Congested Miles, 2012–2040E 

 AM Peak Period  PM Peak Period  

Scenario Miles 
Percent 

 of Miles 
 

Miles 
Percent 

 of Miles  
2012 Base Year 123 24.5 % 197 39.2 % 
2040E No-Build 157  31.3  242  48.1  
2040E Build 169  33.7  255  50.8  

E = Estimate.  
Source: Central Transportation Planning Staff. 
 
In 2012, during the PM peak period, 197 miles, or 39.2 percent of study-area 
major roadways were congested, significantly greater that the amount of 
congestion during the AM peak period. This is because most of the traffic during 
the AM peak is part of a commute to work, whereas during the PM peak, 
commuting home is supplemented by a substantial amount of non-commuting 
traffic. 
 
2040 No-Build Scenario Congestion 

The 2040 No-build scenario reflects all of the regional demographic and travel 
growth projected for the Boston Region MPO’s Long-Range Transportation Plan, 
except for the 72 key large-impact developments that were discussed previously. 
Even without these large-impact developments, the model results in Table 12 
show that there will be 34 more miles of congestion on study-area major 
roadways during the AM peak period in 2040—157 congested miles, or 31.3 
percent of the total miles.  
 
The growth impact is even greater during the PM peak period, with an additional 
45 miles of major roadway exceeding 0.85 of capacity in 2040. With a projected 
242 congested miles, almost half of the total study-area major roadway miles 
would be congested during the PM peak. 
 
2040 Build Scenario Congestion 

The 2040 Build scenario includes all the regional demographic and travel growth 
projected for the Boston Region MPO’s Long-Range Transportation Plan, 
including travel generated by the 72 key large-impact developments. With these 
large-impact developments included, the analysis shows an additional 12 miles 
of congested major roadway during the AM peak period, 169 miles compared 
with the 157 congested miles in the No-build scenario.  
 
Including the large-impact projects adds an additional 13 miles of congestion 
during the PM peak in the Build scenario, comparable to the 12 miles of 
congestion added by these projects during the AM peak period. Taken 
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altogether, more than of half the major roadways would be congested during the 
PM peak in the Build scenario. 
 

4.3 Congestion Associated with the Key Large-Impact Projects 
The nine study-area municipalities and major roadways are shown graphically in 
Figures 5 and 6. The 157 roadway miles congested during the AM peak period in 
the 2040 No-build scenario are highlighted in orange and red in Figure 5. Figure 
6 highlights in two shades of blue the 242 congested miles during the PM peak 
period in the No-build scenario.  
 
The locations of the 72 key large-impact projects also appear in both figures, in 
purple. The same shade of purple is also used to highlight in each graphic the 
major roadway segments where traffic volumes edge above the 0.85 of capacity 
mark because of adding the traffic from the Build-scenario projects. This added 
congestion is referred to as “associated congestion” because it exists in 
association with completing the Build-scenario projects. 
 
Most of the associated congestion appears on radial arterials feeding traffic into 
the urban core and the sample large-impact projects. The purple line segments in 
Figure 5 total around 12 miles for the AM peak period and in Figure 6 they 
amount to around 13 miles for the PM peak period. While most of these 
segments are pointing into the urban core, much of the associated congestion is 
on segments at some distance from the large-impact projects. This illustrates the 
fact that, because of many vehicle trips are long, the traffic impacts of a 
development can be widespread. 
 
The traffic impacts across the study area result from two factors. First, 
incremental traffic generated by large-impact projects may travel to or from 
relatively distant locations, pushing some borderline roadway segments along the 
travel route to greater than the 0.85 capacity level. Second, much of the newly 
generated traffic must use already-congested roads, some near the new projects. 
As the severity of existing congestion increases, traffic unrelated to the new 
development seeks less-congested routes farther from the new development, 
further spreading out the traffic impacts. 
 
Also not apparent in these figures are non-congested roadways that are nearing 
the 0.85 capacity level. While traffic conditions at these locations may be 
satisfactory in the 2040-Build scenario, the ability to accommodate additional 
traffic is reduced. (This traffic growth could be either regional in nature or 
associated with projects envisioned for that particular area.) 
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In conclusion, large-impact projects spawn traffic impacts throughout the region. 
When they are near a development site, the impacts can be more clearly 
attributed to a particular project. Farther from the development site, the added 
traffic is dispersed and is indistinguishable from the collective impact of smaller 
projects.  
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Chapter 5—Transit Capacity Issues 
5.1 Projected Rapid Transit Ridership 

The analysis of transit capacity begins with the region’s complex and heavily 
used rail rapid transit system: the Red, Orange, Green, and Blue lines The 
average weekday ridership numbers for the four MBTA rail rapid transit lines 
shown in Table 10 are also presented in Table 13. These numbers represent 
entrances to the system at stations with fare gates and show an increase of 
97,600 riders between 1990 and 2013, for an average increase of about 4,200 
weekday riders each year.  
 
Forecasts for the four rail rapid transit lines are shown in Table 13. The 2040 
ridership estimates are derived from the demographics and development 
forecasts presented in section 2 of this study, and the ridership forecasting 
methodology is described in Appendix B. The 2040 No-Build ridership estimates 
assume that all projected 2040 growth takes place except for the 72 large-impact 
projects in the 20 sample TAZs. The 2040 Build ridership estimates assume that 
these 72 projects are completed as well. These developments are listed in Table 
5 and their locations are shown in Figure 4. 
 

Table 13 
Historical and Projected Weekday Rapid Transit Ridership 

Rapid Transit Line 1990 2013 
2040 

No-Build 
2040 

Build 
Red Line 181,800 237,800 337,000 359,000 
Orange Line 117,300 150,100 184,000 228,000 
Green Line 67,600 74,300 77,000 105,000 
Blue Line 50,200 52,300 63,000 63,000 
Total boardings 416,900 514,500 661,000 755,000 

Source(s): Central Transportation Planning Staff, and MBTA Ridership and Service Statistics, Fourteenth 
Edition, 2014 
 
In the No-Build scenario, weekday rapid transit station entrances are projected to 
increase by 126,500 during the 27 years between 2013 and 2040, to total 
661,000 outside entrances. This would represent an increase of about 5,400 
weekday riders each year, substantially greater than the 4,200 additional riders 
added each year before 2013. If all the projects in the Build scenario are 
completed, weekday station entrances are projected to reach 755,000 for these 
four lines, implying an annual increase of 8,900 weekday riders.  
 
Increased ridership will impact all time periods, lines, and directions. However, 
crowding likely would be a problem during the AM and PM peak periods. In this 
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section, we discuss the relationship of crowding to overall system operations, 
and identify the time, locations, and severity of peak period crowding.  
 

5.2 Measuring Capacity and Crowding on Rapid Transit Lines 
The capacity of a transit line is calculated as the number of trains operated 
during a time period times the number of vehicles per train times a benchmark 
number of passengers per vehicle. In the short term, all three of these factors are 
fixed operational characteristics of a transit line. 
 
The maximum number of passengers a rapid transit vehicle can carry depends 
only partly on fixed characteristics such as vehicle size, number of seats and 
their arrangement within the vehicle. In addition to accommodating a passenger 
in each seat, it is assumed that during peak periods there also will be a 
substantial number of standing passengers. When the number of standees 
reaches a maximum acceptable level, the vehicle may be considered to be 
operating at capacity even though there still might be room for “one more 
passenger.”  
 
Transit equipment manufacturers provide estimates of a maximum theoretical 
capacity of their vehicles, which are based on design factors such as strength of 
the undercarriage and power of the electric motors; but these are not of value in 
service planning. 
 
For the purposes of this analysis, we have defined three distinct crowding levels:  

• Overburdened: Crowding is apparent 
 At least as many standees as seats 
 More than 88 percent of acceptably full on average 

• Overcrowded: More than acceptably full 
 Less than 3.76 square feet per standee 

• Unacceptable: Exceeds maximum acceptable load 
 Less than 3.11 square feet per standee 
 More than 12 percent above acceptably full on average 

 
The concept of “acceptably full” is a characteristic of all three crowding levels. 
The availability of 3.76 square feet for each standing passenger is used as the 
cutoff point in determining when a vehicle is acceptably full. Staff selected this 
value based on published industry standards that are summarized in Table 14.  
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Table 14 
Impact of Available Passenger Floor Space on Rapid Transit Service 

Square Feet per 
Standee 

 
Passenger Perspective 

MBTA Operations 
Perspective 

10.8 and above • Passengers are able to spread out 
• Many/all passengers are able to sit 

• Unproductive  

  5.4 to 10.8 • Comfortable standing load that 
retains space between passengers 

• Easy circulation within 
vehicle 

  4.3 to 5.3 • Standing load without body contact 
• Standees have similar amount of 

personal space as seated passengers 

• Reasonably easy 
circulation within vehicle 

  3.2 to 4.2 • Occasional body contact 
• Standees have less space than 

seated passengers 

• Balance between 
passenger comfort and 
capacity 

• Potential for boarding and 
alighting delays and 
increased dwell time 

  2.2 to 3.1 • Approaching uncomfortable 
conditions 

• Frequent body contact and 
inconvenience with packages and 
briefcases 

• Maximum schedule load 
• Increased dwell time 
• Passengers waiting to 

board may try to shift to a 
door in a less-crowded 
section 

Less than 2.2 • Crush-load conditions • Moving to and from 
doorways extremely difficult 

• Increased dwell times 
• Passengers waiting may 

choose to wait for next 
vehicle, increasing platform 
crowding 

Source: Adapted from Transit Capacity and Quality of Service Manual, 3rd Edition.2 
 
As described in Table 14, the quality of a transit user’s experience is diminished 
as the number of riders in a vehicle increases. Conversely, the transit system 
operator benefits from carrying a greater number of passengers, but only up to a 
point. With too much crowding, unloading and loading passengers at stations can 
be time consuming and make it difficult to adhere to schedule. The selection of 
3.76 square feet per standee as the definition of an acceptably full vehicle 
represents a balance between passenger comfort and operational efficiency.  
 
                                            

2Transportation Research Board, Transit Capacity and Quality of Service Manual,  2013, 
http://onlinepubs.trb.org/onlinepubs/tcrp/tcrp_rpt_165ch-05.pdf. 

http://onlinepubs.trb.org/onlinepubs/tcrp/tcrp_rpt_165ch-05.pdf
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The MBTA operates several distinct vehicle fleets on its four rail rapid transit 
lines. Currently, most of these vehicles are configured with so-called “perimeter 
seating”—that is, most seating installed along the sides of cars to allow for a 
large number of standees. Dividing the available standing space by 3.76 square 
feet per passenger gives the maximum number of standees in an acceptably full 
vehicle. Adding the number of seats to the number of standees gives the total 
passenger load of a rapid transit vehicle.  
 
Table 15 summarizes transit vehicle capacities for the MBTA fleets for the 
different congestion levels used in this analysis. For the Red and Green Lines, 
where the MBTA uses more than one type of vehicle, the figures in Table 15 
represent average values for the line. 
 

Table 15 
Passenger Capacities and Crowding on Rapid Transit Vehicles 

Transit Line 
Seating 

Capacity 
Apparent  
Crowding 

Acceptably 
Full 

Maximum 
Acceptable 

Physical 
Limit 

Red 57 114 142 160 202 
Orange 58 116 124 138 171 
Green 45 90 100 112 139 
Blue 35 70 76 85 105 

Source: Adapted from MBTA Ridership and Service Statistics, Fourteenth Edition, 2014. 
 
The first column in Table 15 shows the number of seats available for a typical car 
on each line. The Orange Line cars have the greatest number of seats despite 
being smaller than the Red Line cars. This is because all Orange Line cars have 
only three doors on each side and have not had seats removed to create specific 
locations to secure wheelchairs. In contrast, many of the Red Line cars have a 
fourth door on each side and locations for wheelchairs, both of which reduce 
space available for perimeter seating. 
 
The second column in Table 15 shows the number of seats multiplied by two, 
and indicates the “overburdened” crowding level, at which crowding becomes 
apparent to riders but still is considered an acceptable, even efficient level of 
vehicle utilization. Vehicles with this many riders are, on average, within 12 
percent of the acceptably full benchmark. 
 
When the number of riders exceeds the acceptably full benchmark, the vehicle is 
considered to be overcrowded. When there are fewer than 3.11 square feet per 
standee, the level of crowding is considered unacceptable; the maximum 
acceptable number of passengers for each type of MBTA transit vehicle is shown 
in the fourth column of Table 15. The maximum acceptable loads, on average, 
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are about 12 percent higher than the acceptably full benchmark and approximate 
the maximum load specified by the MBTA Service Delivery Policy. 
 
The right-most column in Table 15 approximates a practical physical limit of a 
vehicle’s passenger load and assumes only 2.20 square feet per standee. At 
greater than this level, a point is reached where the motive power or vehicle 
suspension is inadequate for safe operation. Crowding approaching so-called 
“crush loads” can occur after sports events or during peak periods if a train needs 
to be taken out of service. 
 
Using the acceptably full passenger load benchmark, it is possible to calculate a 
total capacity for each of the four rail rapid transit lines, as summarized in 
Table 16. The first column in Table 16 shows the average number of weekday 
trains that operated on each transit line in May 2011. These numbers were 
obtained from direct observation rather than calculated from schedules. For the 
Blue and Red Lines, the number of observed trains exceeded 97 percent of the 
scheduled trains. The number of Orange Line trains observed was less than 93 
percent of scheduled trains. Comparable information for the Green Line was not 
developed. 
 

Table 16 
Total Daily Rapid Transit Capacity 

Transit Line 
Number of Daily Trains 

in Each Direction 
Cars per 

Train 
Acceptably Full 

Car Capacity 
Total Daily 

Capacity 
Red 205 6 142 175,000 
Orange 149 6 124 111,000 
Green 562 2 100 112,000 
Blue 171 6 76 78,000 
Source: Central Transportation Planning Staff. 
 
The second column shows the number of cars per train, with six cars being 
standard for the Red, Orange, and Blue Lines. On weekdays, almost all the 
Green Line trains have two cars. The third column is the acceptably full car 
capacity benchmark from Table 14. Multiplying these three columns gives the 
total number of passengers that each rapid transit line could move in each 
direction over the course of a weekday if all vehicles were acceptably full, shown 
in the right-most column. 
 
The total capacities in Table 16 represent the daily capacity as currently 
operated. The MBTA schedules as much service as practicable during the AM 
and PM peak periods, and then reduces service somewhat during the off-peak 
periods. Capacity during the peak periods will be constrained by either the 
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number of transit vehicles available or the design of the signaling and safety 
systems.  
 
We may conclude from Table 16 that the Red Line provides significantly more 
raw capacity than the other lines. In theory, more off-peak service could be 
added on the other lines. However, if increased off-peak travel demand 
warranted increased service, then off-peak trains likely would be added to all four 
lines, maintaining the Red Line’s capacity advantage. 
 
Increasing the carrying capacity of a rapid transit line clearly has the potential to 
reduce crowding. These types of efforts have been ongoing for decades; and 
opportunities to increase capacity will be discussed in later in this report in 
analyses of the individual lines. For the purpose of this study, however, we 
assume the vehicle capacities and train configurations shown in Tables 15 and 
16 in evaluating expected future crowding. 
 

5.3 Rapid Transit Capacity as it is Actually Experienced 
The raw physical capacity calculated in Table 16 is available for use between the 
service end points of each rapid transit line. In daily use, however, more 
passengers board trains at certain stations than others and only travel a portion 
of the route. At each intermediate station passengers both board and alight, and 
the number of daily boardings on a line does not relate directly to its raw 
capacity. This may be seen by comparing 2013 weekday ridership of the four 
lines in Table 13 with their total weekday capacities calculated in Table 16. 
Usually, however, higher-capacity transit lines can accommodate more boardings 
and longer trip distances before crowding becomes a problem. 
 
The analyses in this study depict the availability of transit capacity as closely as 
possible to the way it actually is experienced by users. As mentioned above, 
capacity and service were based on train trips that actually operated rather than 
the level of service in published schedules.  
 
Observed rapid transit operations also deviate from published schedules in that 
trains are often unable to arrive at regular time intervals. The dwell time required 
at station stops varies, often as a result of a large number of passengers 
transferring from a just-arrived connecting train. If a longer than anticipated 
station stop results in a slightly delayed departure, the result is greater numbers 
of riders accumulating on station platforms down the line, which in turn can 
lengthen dwell times at these stations. 
 
Conversely, the train immediately behind a delayed train may have shorter dwell 
times as it gets closer to the slower train in front because fewer riders have had a 
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chance to accumulate on the station platforms. This standard operating problem 
of a slower train causing the following trains to speed up is referred to as 
“bunching.”  
 
Bunching results in some trains being significantly more crowded than others. 
The effects of bunching do not balance out: the aggravation of waiting longer for 
a crowded train more than counterbalances any satisfaction of a short wait for 
less crowded train. Commuters tend to be in a hurry and often will try to push 
their way onto a crowded train rather than trust that another train is right behind. 
Because more passengers are carried in the more crowded trains, statistically 
more riders likely would end up on the crowded trains. In a recent study, 
Measuring the Impacts of Transit Reliability on Transit Ridership3, the 
unpredictability of wait times on the MBTA’s rapid transit lines was shown to 
increase the perceived travel times that riders consider when choosing a travel 
mode. 
 
Not only does bunching cause crowding but also crowding causes bunching. Any 
delay can set in motion the bunching process. As shown in Table 14, crowding 
increases the amount of time required for riders to leave and enter a train. If a 
transit line has ample carrying capacity, it can accommodate a certain amount of 
variation in station boardings. If the transit line is operating without any reserve 
capacity, then even small increases in boardings at a particular station might 
throw the train off schedule and begin the bunching process. 
 

5.4 Peak-Period Crowding on the Rail Rapid Transit Lines 
Developing Crowding Data 

For the Impacts of Transit Reliability study, the number of trains was observed by 
15-minute interval on each line and direction for all 21 weekdays in May 2011, 
and these observations formed the dataset with which the capacity statistics for 
this study were developed. Appendix D shows the average number of weekday 
trains by 15-minute peak-period interval that operated during these 21 weekdays. 
 
These data were then used to calculate of the number of trains that operated 
between every pair of rapid transit stations with faregates by 15-minute interval 
for each of the 21 weekdays. Averaging the numbers trains between each 
station-pair gives an estimate of the amount of train service between each 
station-pair on a usual weekday by 15-minute interval.  
 

                                            
3 Measuring the Impacts of Transit Reliability on Transit Ridership, Boston Region MPO, 

July 2013. 
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The numbers of riders entering these stations by 15-minute interval can also be 
known because of the electronic faregates, and data and analytical methods 
exist to estimate the portion of riders boarding trains in each available direction 
and the most probable exit stations. Staff performed this analysis for all system 
ridership for one day in 2011, and calculated average boardings and alightings 
for a typical weekday by station, direction, and 15-minute interval. From these 
data the total number of passengers traveling over a segment was calculated for 
every pair of stations with faregates during every 15-minute interval during the 
AM and PM peak periods. These ridership data are summarized in Appendix E. 
 
Dividing the total number of passengers expected to be riding between a station-
pair during a 15-minute interval by the number of transit vehicles expected to 
serve the station-pair during the same interval gives a number of passengers per 
vehicle. These passenger-per-vehicle values will indicate the presence of 
crowding based on the vehicle capacity breakpoints shown in Table 15. Detailed 
information about Base Year passenger loads by station-pair and 15-minute 
interval are found in Appendix F. 
 
Visualizing Rapid Transit Crowding 

Transit vehicle crowding is depicted graphically for the Base Year and the 2040 
No-build and Build scenarios for each of the rail rapid transit lines in a set of 16 
graphics, Figures 7 through 22. Each of the four rail rapid transit lines has a set 
of four figures, two depicting AM peak crowding (one figure for each direction) 
and two depicting PM peak crowding. The content and organization of these 
graphics may be illustrated using the Red Line, Figures 7–10, as an example. 
 
Figure 7 shows crowding on Red Line trains originating in Alewife and ending at 
either Braintree or Ashmont stations during the AM peak period, for the three 
hours between 6:00 and 9:00 AM. The Red Line and its stations are shown on 
the left, with the north-most station, Alewife, appearing at the top. The Red Line 
operates over two branches; the branch between JFK/UMass and Ashmont is 
shown separately near the bottom of the figure.  





6-7 7-8 8-9 6-7 7-8 8-9 6-7 7-8 8-9
Base Year No-build Build

Central

Downtown Cross.

South Station

Broadway

Park St

Kendall/MIT

Davis

Porter

Harvard

Alewife

Charles/MGH

JFK/UMass

JFK/UMass

Quincy Adams

Braintree

Savin Hill

Fields Corner

Shawmut

Ashmont

Quincy Center

North Quincy

Andrew

Wollaston

LEGEND
Passengers per Vehicle

Overburdened
114 to 142
Overcrowded
142 to 160
Unacceptable
Over 160

Source: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection data Quarter-hour intervals

BOSTON
REGION 
MPO

Figure 7
Red Line AM Peak Crowding:
Alewife to Braintree/Ashmont

Core 
Capacity 

Constraints



Base Year No-build Build

Central

Downtown Cross.

South Station

Broadway

Park St

Kendall/MIT

Davis

Porter

Harvard

Alewife

Charles/MGH

JFK/UMass

JFK/UMass

Quincy Adams

Braintree

Savin Hill

Fields Corner

Shawmut

Ashmont

Quincy Center

North Quincy

Andrew

Wollaston

3-4 4-5 5-6 3-4 4-5 5-6 3-4 4-5 5-6

LEGEND
Passengers per Vehicle

Overburdened
114 to 142
Overcrowded
142 to 160
Unacceptable
Over 160

Source: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection data Quarter-hour intervals

BOSTON
REGION 
MPO

Figure 8
Red Line PM Peak Crowding:
Ashmont/Braintree to Alewife

Core 
Capacity 

Constraints



6-7 7-8 8-9 6-7 7-8 8-9 6-7 7-8 8-9
Base Year No-build Build

Central

Downtown Cross.

South Station

Broadway

Park St

Kendall/MIT

Davis

Porter

Harvard

Alewife

Charles/MGH

JFK/UMass

JFK/UMass

Quincy Adams

Braintree

Savin Hill

Fields Corner

Shawmut

Ashmont

Quincy Center

North Quincy

Andrew

Wollaston

LEGEND
Passengers per Vehicle

Overburdened
114 to 142
Overcrowded
142 to 160
Unacceptable
Over 160

Source: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection data Quarter-hour intervals

BOSTON
REGION 
MPO

Figure 9
Red Line AM Peak Crowding:
Ashmont/Braintree to Alewife

Core 
Capacity 

Constraints



Base Year No-build Build

Central

Downtown Cross.

South Station

Broadway

Park St

Kendall/MIT

Davis

Porter

Harvard

Alewife

Charles/MGH

JFK/UMass

JFK/UMass

Quincy Adams

Braintree

Savin Hill

Fields Corner

Shawmut

Ashmont

Quincy Center

North Quincy

Andrew

Wollaston

3-4 4-5 5-6 3-4 4-5 5-6 3-4 4-5 5-6

LEGEND
Passengers per Vehicle

Overburdened
114 to 142
Overcrowded
142 to 160
Unacceptable
Over 160

Source: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection data Quarter-hour intervals

BOSTON
REGION 
MPO

Figure 10
Red Line PM Peak Crowding:
Alewife to Braintree/Ashmont

Core 
Capacity 

Constraints



6-7 7-8 8-9 6-7 7-8 8-9 6-7 7-8 8-9

Base Year No-build Build

Sullivan Sq.

State

Tufts Med. Ctr.

Downtown Cross.

Chinatown

Back Bay

Mass. Ave.

Ruggles

Haymarket

Comm. College

Malden Ctr.

Wellington

Assembly

Oak Grove

North Station

Roxbury Cross.

Stony Brook

Forest Hills

Green St.

Jackson Sq.

LEGEND
Passengers per Vehicle

Overburdened
116 to 124
Overcrowded
124 to 138
Unacceptable
Over 138

Source: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection data Quarter-hour intervals

BOSTON
REGION 
MPO

Figure 11
Orange Line AM Peak Crowding:

Oak Grove to Forest Hills

Core 
Capacity 

Constraints



3-4 4-5 5-6 3-4 4-5 5-6 3-4 4-5 5-6

Base Year No-build Build

Sullivan Sq.

State

Tufts Med. Ctr.

Downtown Cross.

Chinatown

Back Bay

Mass. Ave.

Ruggles

Haymarket

Comm. College

Malden Ctr.

Wellington

Assembly

Oak Grove

North Station

Roxbury Cross.

Stony Brook

Forest Hills

Green St.

Jackson Sq.

LEGEND
Passengers per Vehicle

Overburdened
116 to 124
Overcrowded
124 to 138
Unacceptable
Over 138

Source: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection data Quarter-hour intervals

BOSTON
REGION 
MPO

Core 
Capacity 

Constraints

Figure 12
Orange Line PM Peak Crowding:

Forest Hills to Oak Grove



6-7 7-8 8-9 6-7 7-8 8-9 6-7 7-8 8-9

Base Year No-build Build

Sullivan Sq.

State

Tufts Med. Ctr.

Downtown Cross.

Chinatown

Back Bay

Mass. Ave.

Ruggles

Haymarket

Comm. College

Malden Ctr.

Wellington

Assembly

Oak Grove

North Station

Roxbury Cross.

Stony Brook

Forest Hills

Green St.

Jackson Sq.

LEGEND
Passengers per Vehicle

Overburdened
116 to 124
Overcrowded
124 to 138
Unacceptable
Over 138

Source: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection data Quarter-hour intervals

BOSTON
REGION 
MPO

Figure 13
Orange Line AM Peak Crowding:

Forest Hills to Oak Grove

Core 
Capacity 

Constraints



3-4 4-5 5-6 3-4 4-5 5-6 3-4 4-5 5-6

Base Year No-build Build

Sullivan Sq.

State

Tufts Med. Ctr.

Downtown Cross.

Chinatown

Back Bay

Mass. Ave.

Ruggles

Haymarket

Comm. College

Malden Ctr.

Wellington

Assembly

Oak Grove

North Station

Roxbury Cross.

Stony Brook

Forest Hills

Green St.

Jackson Sq.

LEGEND
Passengers per Vehicle

Overburdened
116 to 124
Overcrowded
124 to 138
Unacceptable
Over 138

Source: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection data Quarter-hour intervals

BOSTON
REGION 
MPO

Core 
Capacity 

Constraints

Figure 14
Orange Line PM Peak Crowding:

Oak Grove to Forest Hills



6-7 7-8 8-9 6-7 7-8 8-9 6-7 7-8 8-9

Base Year No-build Build

Gov’t Ctr.

Copley

Hynes

Kenmore

Copley

Prudential

Symphony

Arlington

Park St.

Science Park

North Station

Haymarket

Lechmere

Boylston

Source: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection data Quarter-hour intervals

BOSTON
REGION 
MPO

Figure 15
Green Line AM Peak Crowding:

Lechmere to Kenmore/Symphony

Core 
Capacity 

Constraints

LEGEND
Passengers per Vehicle

Overburdened
90 to 100
Overcrowded
100 to 112
Unacceptable
Over 112



3-4 4-5 5-6 3-4 4-5 5-6 3-4 4-5 5-6

Base Year No-build Build

Gov’t Ctr.

Copley

Hynes

Kenmore

Copley

Prudential

Symphony

Arlington

Park St.

Science Park

North Station

Haymarket

Lechmere

Boylston

LEGEND
Passengers per Vehicle

Overburdened
90 to 100
Overcrowded
100 to 112
Unacceptable
Over 112

Source: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection data Quarter-hour intervals

BOSTON
REGION 
MPO

Core 
Capacity 

Constraints

Figure 16
Green Line PM Peak Crowding:

Symphony/Kenmore to Lechmere



6-7 7-8 8-9 6-7 7-8 8-9 6-7 7-8 8-9

Base Year No-build Build

Gov’t Ctr.

Copley

Hynes

Kenmore

Copley

Prudential

Symphony

Arlington

Park St.

Science Park

North Station

Haymarket

Lechmere

Boylston

LEGEND
Passengers per Vehicle

Overburdened
90 to 100
Overcrowded
100 to 112
Unacceptable
Over 112

Source: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection data Quarter-hour intervals

BOSTON
REGION 
MPO

Figure 17
Green Line AM Peak Crowding:

Symphony/Kenmore to Lechmere

Core 
Capacity 

Constraints



3-4 4-5 5-6 3-4 4-5 5-6 3-4 4-5 5-6

Base Year No-build Build

Gov’t Ctr.

Copley

Hynes

Kenmore

Copley

Prudential

Symphony

Arlington

Park St.

Science Park

North Station

Haymarket

Lechmere

Boylston

LEGEND
Passengers per Vehicle

Overburdened
90 to 100
Overcrowded
100 to 112
Unacceptable
Over 112

Source: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection data Quarter-hour intervals

BOSTON
REGION 
MPO

Core 
Capacity 

Constraints

Figure 18
Green Line PM Peak Crowding:

Lechmere to Kenmore/Symphony



6-7 7-8 8-9 6-7 7-8 8-9 6-7 7-8 8-9

Base Year No-build Build

Orient Heights

Aquarium

Bowdoin

State

Gov’t Ctr.

Maverick

Wood Island

Revere Beach

Beachmont

Suffolk Downs

Wonderland

Airport

LEGEND
Passengers per Vehicle

Overburdened
70 to 76
Overcrowded
76 to 85
Unacceptable
Over 85

Source: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection data Quarter-hour intervals

BOSTON
REGION 
MPO

Figure 19
Blue Line AM Peak Crowding:

Wonderland to Bowdoin

Core 
Capacity 

Constraints



3-4 4-5 5-6 3-4 4-5 5-6 3-4 4-5 5-6

Base Year No-build Build

Orient Heights

Aquarium

Bowdoin

State

Gov’t Ctr.

Maverick

Wood Island

Revere Beach

Beachmont

Suffolk Downs

Wonderland

Airport

LEGEND
Passengers per Vehicle

Overburdened
70 to 76
Overcrowded
76 to 85
Unacceptable
Over 85

Source: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection data Quarter-hour intervals

BOSTON
REGION 
MPO

Core 
Capacity 

Constraints

Figure 20
Blue Line PM Peak Crowding:

Bowdoin to Wonderland



6-7 7-8 8-9 6-7 7-8 8-9 6-7 7-8 8-9

Base Year No-build Build

Orient Heights

Aquarium

Bowdoin

State

Gov’t Ctr.

Maverick

Wood Island

Revere Beach

Beachmont

Suffolk Downs

Wonderland

Airport

No crowding observed No crowding predicted No crowding predicted

LEGEND
Passengers per Vehicle

Overburdened
70 to 76
Overcrowded
76 to 85
Unacceptable
Over 85

Source: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection data Quarter-hour intervals

BOSTON
REGION 
MPO

Figure 21
Blue Line AM Peak Crowding:

Bowdoin to Wonderland

Core 
Capacity 

Constraints



3-4 4-5 5-6 3-4 4-5 5-6 3-4 4-5 5-6

Base Year

No crowding observed No crowding  predicted No crowding predicted

No-build Build

Orient Heights

Aquarium

Bowdoin

State

Gov’t Ctr.

Maverick

Wood Island

Revere Beach

Beachmont

Suffolk Downs

Wonderland

Airport

LEGEND
Passengers per Vehicle

Overburdened
70 to 76
Overcrowded
76 to 85
Unacceptable
Over 85

Source: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection dataSource: Boston Region MPO travel demand model and MBTA Automated Passenger Count and Automated Fare Collection data Quarter-hour intervals

BOSTON
REGION 
MPO

Core 
Capacity 

Constraints

Figure 22
Blue Line PM Peak Crowding:
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Technically, the Total Riders number represents the total number of riders on the 
13 buses who were riding when the peak load was reached. Other riders may 
have both boarded and alighted before or after the peak load was reached, but 
these riders do not enter into this calculation. In addition, the 13 buses do not 
necessarily reach the maximum load at the same point on the route. For 
instance, the route 9 buses tend to have the greatest loads near where they 
cross the Red Line at Broadway station. Some buses are at their peak when they 
reach Broadway, and have more alightings than boardings at that stop. Other 
buses actually pick up more riders at Broadway, and the peak load point for 
these buses comes after Broadway. 
 
The final element of the crowding analysis is the ratio between Total Riders and 
Total Seats. In this case, we highlighted the value of 1.32 with salmon-colored 
shading. Only two levels of crowding are highlighted in these tables. Riders per 
seat ratios that are greater than 1.25 but less than 1.4 are indicated in salmon, 
and are referred to here as overburdened. We used dark pink to indicate where 
crowding exceeds the 1.4 passenger standard, referred to as overcrowded. 
 
The riders per seat ratios used in these tables indicate the general level of peak-
period ridership relative to the capacity deployed on these routes. Since loads 
build and ebb on various parts of these routes, the crowding implied by these 
statistics will be experienced only on the most heavily patronized stretches of a 
particular bus route. Conversely, riders do not arrive at bus stops at a uniform 
rate and buses do not arrive at regular intervals, and some buses will be 
appreciably more crowded than others will. The “overburdened” crowding 
standard reflects this: 1.25 riders per seat may not be excessively crowded, but 
during the peak hour, some individual buses likely would be overcrowded if the 
route as a whole is overburdened. 
 
Base-Year Bus Vehicle Crowding 

The radial bus vehicle services in Tables 17 and 18 are arranged by direction, 
with the inbound service direction shown on the left halves of the tables and the 
outbound service direction shown on the right. During the AM peak hour, almost 
all of the routes have more riders and riders per seat in the inbound than in the 
outbound direction.  
 
For all but a few routes, the inbound riders and riders per seat are higher in the 
AM peak than during the PM peak period. Conversely, during the PM peak the 
outbound routes shown on the right side of Table 18 have, with only two 
exceptions, more riders than their inbound counterparts on the left side of the 
table. The major exception to the strong AM inbound and PM outbound pattern is 
the pair of Silver Line Waterfront routes, SL1 and SL2, that distribute commuters 
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connecting with the Red Line and commuter Rail at South Station to the growing 
South Boston Waterfront employment centers. 
 
The only other exception to the stronger AM peak-period inbound ridership 
pattern is route 16 between Forest Hills and Andrew stations. It has the highest 
peak-hour ridership in the direction from Andrew to Forest Hills during both the 
AM and PM peak hours. The AM outbound peak crowding is caused by large 
numbers of trips to schools near the Forest Hills end of the route. The PM peak 
period is also strong in that direction because of conventional outbound work 
trips, which occur later than the PM school trips. Also of note is the fact that 
Route 70 is more crowded during the AM peak hour outbound than inbound. This 
is because only five buses operate outbound compared with seven buses 
inbound. Inbound ridership is still stronger on this route. 
 
Seven bus routes included in this analysis are characterized as being non-radial 
routes, and Base-Year ridership for these routes is presented in Tables 19 and 
20 for the AM and PM peak periods, respectively. Total seats, total riders, and 
riders per seat are calculated in the same manner as for the radial routes. These 
tables differ in organization from Tables 17 and 18 in that the left side of the 
tables shows travel in the counter-clockwise direction around downtown Boston, 
and the right side shows travel in the clockwise direction. 
 
The non-radial services do not show the pronounced change in direction 
between the AM and PM peak periods. This can be seen by comparing the total 
of these seven routes’ total peak-hour riders with analogous numbers in other 
tables. The 1,784 riders traveling in the counter-clockwise direction shown in the 
last row of Table 19 is 18 percent higher than the 1,509 riders traveling in the 
clockwise-direction. During the PM peak period, these totals are almost identical: 
1,370 and 1,398 riders, respectively. In contrast, the 9,797 total inbound riders in 
the last row of Table 17 exceed the 5,566 outbound riders by 76 percent. 
Similarly, the outbound PM total at the bottom of Table 18 exceeds its inbound 
counterpart by 38 percent. 
 
Several of the bus vehicle services in Tables 17 through 20 show some level of 
crowding. The overcrowded condition is seen only on routes 71 and 73, which 
use vehicles with only 31 seats. During the AM peak period, the overburdened 
condition occurs only on radial route 9, discussed above, and on four of the non-
radial routes: 47, 66, 86, and CT2. During the PM peak, the overburdened 
condition occurs again on route 9 and non-radial routes 47 and CT2, as well as 
radial routes 70 and SL1.  
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Schedulers of bus systems are able to revise timetables periodically to match 
available vehicles with drivers in an effort to limit severity of bus crowding during 
peak periods. The Base-Year crowding calculations reflect this in that the riders 
per seat ratios in the stronger peak-period direction tend to cluster between the 
values of 1.00 and 1.30, while the numbers of peak-period buses on each route 
vary much more widely. 
 
Year 2040 Bus Vehicle Crowding 

Staff prepared projections, incorporated into Tables 21 through 24, of bus vehicle 
ridership for the year 2040. They include calculations of the level of crowding that 
would occur if the same amount of service as in the Base Year were operated. 
 
Forecasting bus vehicle ridership at the individual route and stop level was 
beyond the scope of this study. However, recent travel demand forecasts 
developed in support of MPO and statewide planning efforts suggest a general 
range of bus ridership growth that might be expected given the assumed long-
range demographic and trip-generation trends. 
 
The Total Riders numbers shown in Tables 17 through 20 are projected to 
increase by either 8, 12, or 16 percent depending on the route. These forecasts 
assume that all of the projected Build-scenario developments are completed. The 
Silver Line services have been studied more extensively than the conventional 
bus routes, and recent modeling suggests that ridership on the Silver Line might 
increase slightly more than 15 percent (for this study, an increase of 16 percent 
is assumed). 
 
The 25 conventional bus routes were assigned a ridership increase of either 
8 percent or 12 percent based on each route’s proximity to the large-impact 
projects shown in Figure 4, and other high-growth locations such as the former 
Allston railroad yards. Ridership on 13 of the conventional bus routes is projected 
to increase by the higher 12-percent level. These include seven radial routes: 9, 
39, 57, 70, 111, 116, and 117. All non-radial routes except Route 1 also are 
projected to add 12 percent more riders. 
 
Because the allocation of peak-period bus capacity already approximates the 
needs of the numerous routes, even the moderate projected bus vehicle ridership 
increases have the potential to cause or exacerbate crowding on some routes. 
This can be seen for the AM peak radial bus vehicle services by comparing 
Tables 21 and 17. Routes 71 and 73, already overcrowded in the Base Year, will 
need to accommodate eight percent more riders in 2040, with standees on 
Route 73 almost equaling the number of seats. Route 9 goes from overburdened 
to overcrowded, and Routes 23 and 57 are shown as overburdened in 2040.   
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Table 21 
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Table 22 
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Silver Line SL1 service jumps from an unremarkable 1.25 riders per seat all the 
way to the overcrowded condition in 2040. 
 
Comparing Tables 22 and 18 shows the increased crowding projected in 2040 
during the PM peak period for radial services. Route 70, connecting Cambridge 
with communities to the west, becomes overcrowded, joining Routes 71 and 73 
in this busy market. Route 57, also serving Watertown, becomes overburdened. 
South Boston and the Waterfront currently are served by the overburdened 
Routes 9 and SL1, both of which are expected to be overcrowded. 
 
Ridership and crowding projections for the seven non-radial bus routes are 
presented in Tables 23 and 24 for the AM and PM peak periods, respectively. In 
the Base Year, four AM peak-period bus routes and two PM peak bus routes are 
considered overburdened. All six of these routes are predicted to be 
overcrowded by 2040. It is noteworthy that Route 66, predicted to increase from 
overburdened to overcrowded in the AM counterclockwise direction, will become 
overburdened in the AM clockwise direction as well as in both directions during 
the PM peak. Route 86 also will begin to experience overburdened conditions. 
 
If ridership is expected to increase by 10 percent, increased peak-period 
crowding might be avoided simply by adding 10 percent more buses and drivers 
during the peak periods. This is appropriate for many, but not all, routes served 
by buses. If a heavily used route currently experiences bunching, increasing the 
frequency of service will not necessarily reduce bunching. Using larger buses on 
these routes can carry more passengers, reduce crowding, and often make 
bunching problems less severe. Higher-capacity articulated buses are expected 
to make up a larger portion of future vehicle purchases by the MBTA. 
 
In the same manner as with rail rapid transit, bus vehicle capacity can be 
increased by reducing the number of seats in order to accommodate more 
standees. Reducing the number of seats also improves internal circulation within 
buses and allows improved, mandatory accommodation of wheelchairs, as well 
as baby strollers and personal shopping carts. The MBTA uses a policy standard 
of 1.4 passengers per seat, which is stricter than the 1.5-passenger standard 
respected in parts of the public transit industry. Current MBTA plans anticipate 
purchasing new standard-sized buses with fewer than 39 seats, and load policy 
standards will be revisited in conjunction with future procurements. 
 
Bus vehicle crowding also may be lessened through route improvements. An 
example of this is the new Silver Line Gateway service that will operate between 
South Station and the Mystic shopping mall in Chelsea. This new service will add 
needed capacity in the Silver Line tunnel approaching South Station, where the 
Silver Line experiences the most crowding. However, the added commuters from 
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Chelsea will be using the tunnel in the inbound direction, where it has capacity to 
spare. Silver Line Gateway service also will reduce pressure on nearby bus 
Routes 111, 116, and 117, which are approaching the overburdened level. 
 

5.6 Peak-Period Crowding on Commuter Rail 
Developing Crowding Data 

In recent decades, the commuter rail system serving Boston has seen the 
greatest growth in ridership of the several public transportation submodes. This 
growth, summarized in Table 10, was the result of several factors including 
system expansions, schedule improvements, and new equipment purchases. 
Some of these actions may be considered one-time improvements, and the 
growth shown in Table 10 cannot necessarily be extrapolated. However, the 
commuter rail system is configured to serve regional travel and gradually 
lengthening commutes.5  
 
Trips on commuter rail tend to be longer than trips via rapid transit or buses, and 
are more concentrated during the AM and PM peak periods. Most trains operate 
from the most distant station on the line; the journey between this outermost 
point and one of the downtown stations usually requires at least an hour. Within 
real and inflexible operating constraints, train schedules are designed to bring 
riders to employment centers at preferred starting times, and leave these core 
stations soon after the close of business. 
 
Typically, one inbound train in the AM peak and one outbound train in the PM 
peak will be the most crowded for each line. These specific trains have been 
identified, and this section focusses on their crowding levels. However, commuter 
rail ridership can be strong throughout the peak periods, and adding additional 
conveniently scheduled peak-period trains remains an ongoing challenge to 
system schedulers in Boston and other metropolitan areas, especially when track 
capacity needs to be shared with Amtrak or freight trains, as in Boston. 
 
Because of the comparatively long travel times, commuter rail coaches are 
designed to maximize the number of seats. Some amount of standing is 
permissible, but ridership exceeding 1.1 times the number of seats is considered 
excessive by the MBTA. No trains in the Boston commuter rail system have 
ridership that is considered excessive by this criterion. Many standees are 
regularly observed, however, often because they wish to be near a door when he 
train arrives at their destination, or they were unable to find a seat to their liking.  

                                            
5 Exploring the 2011 Massachusetts Travel Survey: Focus on Journeys to Work, Boston Region 
MPO, April 2014  http://bostonmpo.org/Drupal/exploring_2011_survey. 

http://bostonmpo.org/Drupal/exploring_2011_survey
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The key crowding metric used for this analysis is the necessity of using the 
unpopular middle seats, a standard feature on almost all MBTA commuter rail 
coaches. Coach seating is configured with two seats on one side of the aisle and 
three on the other, implying that about 20 percent of a train’s seating capacity 
consists of the middle seat of the three-seat side. With the exception of parties 
traveling as a group, the middle seats are generally the last taken. When a train 
reaches this 80 percent threshold, boarding riders perceive a crowded condition, 
as they must now either take a middle seat or, as many do, just stand. While 
capacity that can safely be utilized is clearly available, the perception of crowding 
is important because commuter rail is sometimes considered a premium service. 
 
Commuter Rail Crowding During the AM Peak Period 

Crowding on the most heavily used inbound trains on each of the commuter rail 
lines is summarized in Table 25. The commuter rail system has several branches 
and endpoints; these have been grouped into 13 services in Table 25. They are 
arranged starting with the Rockport/Newburyport trains in the northeast, 
proceeding counterclockwise, and ending with the Greenbush trains in the 
southeast. The commuter rail system is shown graphically in Figure 23. 
 
The first column shows the time that each trip is scheduled to arrive at its 
downtown station terminus. The first four services terminate at North Station and 
the other nine end at South Station. These popular arrival times cluster around 
8:00 AM, with the earliest arrival being a Greenbush train at 7:36 and the latest 
being a Stoughton train at 8:32 AM. 
 
The second column shows the number of seats that were available in the 
coaches that were assigned for use in these peak-period trains. The commuter 
rail operator assesses ridership demand and organizes the coach fleet into 
individual trains referred to as “consists.” The largest consists have 1,356 seats, 
and are used on the AM peak trains from Worcester and Franklin. 
 
Each AM peak-period commuter train accumulates passengers as it approaches 
North or South Stations. At some point, each train will reach its peak load for that 
trip; the number of passengers a train is carrying at this point appears in the next 
column. Morning peak-period trains are not necessarily carrying this peak load 
when they reach the final stop because on some lines a significant number of 
riders can alight at a close-in station convenient to local job centers.  
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Table 25 
Crowding on Most Heavily Used Inbound Commuter Trains, AM Peak Period 

Inbound Service 
Trip End 

Time 

Trainset 
Seating 

Capacity 

Number of 
Riders at 

Peak Load 

Required 
Middle 
Seats 

Number of 
Required 
Standees 

Minutes of 
Crowding 

Rockport/Newburyport 7:58 798 854 159 56 27 
Haverhill 8:00 570 469 13 -- 3 
Lowell 7:40 684 580 33 -- 13 
Fitchburg 8:22 750 582 -- -- -- 
Framingham/Worcester 8:23 1,356 1,171 86 -- 20 
Needham 8:14 706 678 113 -- 15 
Franklin 7:59 1,356 1,074 -- -- -- 
Providence 8:10 1,260 1,096 88 -- 25 
Stoughton 8:32 938 722 -- -- -- 
Fairmount 8:20 706 123 -- -- -- 
Middleborough 7:56 864 552 -- -- -- 
Plymouth/Kingston 8:12 996 833 36 -- 21 
Greenbush 7:36 864 596 -- -- -- 
Total Peak AM Trains -- 11,848 9,330 529 56 120 

Source: Central Transportation Planning Staff. 
 
The inbound train of the Rockport/Newburyport service has 798 seats, of which 
an estimated 159 are middle seats. Because the total riders on this train exceeds 
the total number of seats, all 159 middle seats are shown here as being 
“required” to accommodate the passengers. Even with this level of ridership, it is 
common for passengers to stand voluntarily, and for many of the 159 middle 
seats to go unused. 
 
To accommodate all 854 riders, at least 56 riders would need to stand even if all 
798 seats were occupied. The ratio of total riders to total seats is only 1.07, less 
than the 1.1 ratio considered the maximum allowable load for commuter rail 
service. This was the only train identified during either the AM or PM peak period 
for which the number of passengers exceeded the number of seats.  
 
This train started in Rockport but ran express from Salem to Boston, the part of 
the trip where the peak load was observed. According to the schedule, the 
duration of travel under crowded conditions was 27 minutes. This section of the 
Rockport/Newburyport Line is highlighted in Figure 23, as are all parts of the 
commuter rail system that meet the definition of crowding during either the AM or 
the PM peak period. 
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The next section of this chapter describes various types of mitigation policies and 
programs, which are organized into three general groups: traffic systems 
management (TSM), transportation demand management (TDM), and transit 
mitigation. These groupings do not have strict boundaries and mitigation efforts 
can have a range of effects. A review of the mitigation strategies and techniques 
that are being utilized by the nine study-area municipalities and state and 
regional operating agencies is included in Appendix I. This chapter concludes 
with a discussion of possible changes to fee and tax structures related to new 
developments. 
 

6.2 Mitigation Strategies and Techniques 
Traffic Systems Management 

The longest-standing mitigation practice involves improving the street system 
near a new development or business expansion. While the nearby roadway 
system and site access may be in technical compliance with applicable traffic 
engineering standards, introducing a major new trip generator provides an 
opportunity and potential to make more substantial roadway improvements, 
optimize the street system for the new development, and perhaps make other 
transportation improvements not directly related to the new development. 
 
Barring a sustained economic downturn, a new development will result in some 
level of increased traffic because of increased activity at the site. A successful 
mitigation program will accommodate this traffic and minimize speeding, queuing, 
or diverting traffic into nearby neighborhoods. Optimizing the locations of bus 
stops is another aspect of TSM efforts and can make the transit mode more 
attractive. In addition, improving the pedestrian and bicycle travel environments 
will encourage use of non-motorized modes. Possible TSM actions include: 

• Adding or removing streets 
• Adding or removing travel lanes 
• Adding or redesigning turning lanes 
• Re-striping roadways 
• Modifying site access: adding or changing curb cuts 
• Re-timing or modernizing traffic signals 
• Utilizing intelligent transportation systems (ITS), such as monitoring 

equipment 
• Improving truck and service access; scheduling, and recommending truck 

routes 
• Re-locating or consolidating bus stops 
• Installing bicycle lanes and paths 
• Improving sidewalk and streetscapes 
• Mitigating construction impacts 
• Developing longer-range TSM plans 
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Transportation Demand Management 
As its name implies, transportation demand-management policies and programs 
are designed to change the transportation demand associated with a major trip 
generator. This can involve reducing the number or lengths of trips, encouraging 
use of certain modes, changing the timing of trips, and in some instances 
encouraging trips to specific preferred endpoints. 
 
The most common TDM goal is to reduce the amount of auto use at a location for 
a given level of activity. Large, successful developments and businesses require 
access by large numbers of people using all modes. TDM seeks to reduce both 
peak-period and daily auto use without jeopardizing the economic viability of a 
location. While use of transit generally is encouraged, sometimes strategies to 
move transit use away from crowded peak periods to less-crowded times are 
sometimes used. 
 
There is a wide variety of TDM tools representing a mix of facility improvements, 
specialized travel services, work options, travel incentives, pricing strategies, and 
providing information. These tools are discussed below, in five groups generally 
by mode. 
 

1) Actions that reduce the need to travel at all, or the need to travel during 
peak periods, including: 

• Policies allowing working at home or telecommuting 
• Flexible workday schedules, including four-day week options 
• On-site childcare 

 
2) Actions related to parking (the supply, cost, and management of parking is 

arguably the most powerful TDM tool available), including: 

• Adding fewer parking spaces than allowed in a new development 
• Charging employees market-rate parking fees 
• Compensating non-drivers if parking is free 
• Providing charging stations and preferred spaces for zero-

emissions vehicles 
 
Some TDM programs seek to encourage the use of public transportation. 
Meaningfully improving the public transit system may not be expected of the 
businesses or institutions applying TDM tools.  

3) Actions at a location that could increase transit use, including: 

• Subsidizing purchase of transit passes 
• Selling Charlie Cards on site 
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• Providing websites and maps that are focused on transit options at 
the location 

• Offering transit-orientation packets for new employees or residents 
 
Another group of TDM activities provide or promote services configured 
specifically for the needs of an employer or development. Sometimes the term 
“paratransit” is used for services where medium-sized vehicles are shared 
efficiently to offer high-quality mobility services.  

4) Facilities that specifically benefit the needs of an employer or 
development, including: 

• Van service for multiple residences with the same work location 
• Employer-provided shuttle service to transit 
• Remote parking with shuttle service 
• Free and convenient parking for registered carpools 
• Promoting carpooling, such as MassRIDES 
• Transportation management association (TMA) participation 
• On-site transportation coordinator 

 
The last TDM group includes actions aimed at encouraging the non-motorized 
modes, walking and bicycling.  

5) Conditions that can encourage non-motorized modes, including: 

• Ample secure bicycle storage 
• Locker rooms with showers 
• Sponsorship of stations for bicycle-sharing services such as 

Hubway 
• Incentives for bicycling and walking 

 
Developers or their business, or institutional tenants would be able to implement 
all of the TDM measures mentioned in this section. Some of these TDM actions 
also could be realized on a much larger scale via government action, and could 
be expected to impact transportation demand over a much larger part of the 
travel market than just individual development locations. City- or region-wide 
change in parking costs is an example of this. Congestion pricing within an urban 
core also could have a major impact on travel demand. This type of policy clearly 
would need to be executed on a governmental rather than individual-project 
basis.  
 
Transit Mitigation 

The third family of mitigation strategies is transit mitigation. This is a wide-ranging 
topic, which is presented here in two parts. In this subsection, we discuss transit-
mitigation actions that are roughly analogous to the TSM and TDM strategies 
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described above. These include mitigation options that can be negotiated with 
developers within the framework of the current laws and regulations that enable 
and limit TSM and TDM strategies in Massachusetts. In the next section, we 
discuss options for changing fee and tax structures relating to development 
impacts. 
 
As with TSM and TDM, transit mitigation can be ambitious in scope and expense, 
but it focuses on improving transit services near a development or business 
expansion. While transit mitigation may be structured as a regulatory demand 
upon a developer, it may be framed as directly beneficial to the development, 
lending a strong legal, political, and economic basis to such programs. Transit 
mitigation actions of this scale include: 

• Subsidizing or facilitating added MBTA bus, train or boat service 

• Investing in station facilities including: 
• Expanded or lengthened platforms 
• Walkways to stations 
• Accessibility features 
• New station or boat dock 

• Paying for maintenance of station facilities 

• Incorporating transit features within a development, such as: 
• Information kiosks 
• Fare vending machines 
• Dedicated bus lanes 

 
Given the cost of transit infrastructure and the expenses of daily transit 
operations, the mitigation expected of a typical development will have only a 
limited impact on the system as a whole even if it is effective in the project area. 
However, several especially large projects have enabled some major 
improvements with system-wide benefits. Four of these large-scale mitigation 
efforts are described briefly here, and are discussed more fully in Appendix I. 
 
Kendall/MIT Station 
As part of the agreement to build two buildings in the Cambridge Center 
complex, Boston Properties funded major improvements to the Kendall/MIT Red 
Line station. The most important improvement was lengthening the station 
platforms to allow service with six-car trains. Station interiors were upgraded and 
entrances relocated. Boston Properties also agreed to operate and maintain 
Nowiszewki Plaza in front of the station entrance on Main Street. 
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Assembly Station 
As part of the agreement to build the Assembly Row complex adjacent to the 
existing Assembly Square mall in east Somerville, the developer, Federal Realty 
Investment Trust, paid a significant portion of the costs of building the recently 
completed Assembly Orange Line station. While this major improvement 
facilitates the use of transit at this rapidly developing area, it actually exacerbates 
the Orange Line crowding problem. 
 
New Balance 
As athletic gear-maker, New Balance, develops its new world headquarters in a 
formerly industrial section of Allston, it is constructing a new station on the 
Worcester commuter rail line. As part of its mitigation agreement, New Balance 
also committed to covering station maintenance costs for several years in 
exchange for two guaranteed peak-period trains in each direction stopping at the 
new station on weekdays. 
 
Wynn Boston Harbor 
The Wynn casino project in Everett is the largest project to date in which the 
MBTA has actively engaged in discussions about transit impacts based on new 
trips generated to the site. Potential mitigation measures are not yet finalized, but 
would focus on better utilizing the existing transit infrastructure. Measures that 
have been suggested include operational subsidies for expanded Orange Line or 
bus service, and roadway changes to improve bus access to Sullivan Square 
Station. 
 

6.3 Modifying Tax and Fee Structures 
Expanded Funding Policies in Other States 

Requirements for developers and expanding businesses to support public 
transportation financially in Massachusetts are generally limited to the broad-
based taxes and mitigation arrangements discussed in the previous section. 
Other financing mechanisms have been enacted and applied in other states and 
these efforts are briefly described in this section. 
 
One approach, referred to broadly as “value capture,” is more often used to 
finance service expansion than reconstruction. Where public transportation 
infrastructure investments increase adjacent land values or increase the potential 
for development, communities can use some of the increase in property values, 
property sales, and income taxes to help finance the capital, debt service, or 
operating costs of that infrastructure. Strategies for capturing the increase as a 
result of the local infrastructure are varied, and include joint-development 
agreements, special-assessment districts, and tax-increment financing (TIF), 
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which captures the growth in property tax revenue resulting from improved transit 
service, and uses these funds for debt service or other public investments. 
 
The TIF approach also has been used to finance other public enhancements 
such as open-space improvements, site redevelopment, and historic 
preservation. Seattle property owners agreed to help fund half of the cost of the 
South Lake Union streetcar expansion through a special assessment within the 
Local Improvement District. Construction of Phases I and II of the Washington 
Metropolitan Area Transit Authority (Washington, DC) Metro Silver Line was 
funded in part by special assessments on nonresidential property around future 
transit stations. Denver used a 30-year TIF district around the Union Station rail 
hub to support station rehabilitation and transit expansion, where property taxes 
generated from neighborhood development in the 20 acres surrounding the 
station are devoted to debt service on federal loans.  
 
Another example of transit mitigation financing is impact fees on new 
developments, or significant renovations in an area with transit service. The 
availability of transit service to these projects implies that they could meaningfully 
increase transit ridership, the costs of which would be recovered only partially 
through user charges. Impact fees support a transit-only improvement fund that 
can be used to pay for capital expenses or, less commonly, operating expenses 
of the transit service. Often, the agency receiving these fees can use the funds 
anywhere in the system.  
 
San Francisco enacted a Transit Impact Development Fee (TIDF) in 1981 that is 
charged to nonresidential developments of more than 3,000 gross square feet in 
order to help fund transit service that can offset the traffic impacts created by 
developments, with no time limit on the use of collected fees. The TIDF covers 
only a small portion of operating and capital costs of the San Francisco Municipal 
Transportation Agency, the “Muni,” which operates the city’s bus and streetcar 
network. Originally implemented in the downtown area to boost peak capacity for 
office commuters, TIDF was expanded in 2004 to cover the entire city.6 In July 
2015, legislation was introduced to the city council to replace TIDF with a new 
Transportation Sustainability Fee that includes residential developments larger 
than 20 units under the fee structure.7 This fee will pay for maintenance and 
expansion of the Muni fleet, upgrading Bay Area Rapid Transit and Caltrain 
rolling stock, and improving bike lanes and intersections.  
 
                                            

6 http://www.sf-
planning.org/ftp/files/legislative_changes/new_code_summaries/120523_TIDF_Transportatio
n_Impact_Development_Fee_Update.pdf  

7 http://www.sf-planning.org/ftp/files/plans-and-
programs/emerging_issues/tsp/tsp_TSF_Fact_Sheet_072115.pdf  

http://www.sf-planning.org/ftp/files/legislative_changes/new_code_summaries/120523_TIDF_Transportation_Impact_Development_Fee_Update.pdf
http://www.sf-planning.org/ftp/files/legislative_changes/new_code_summaries/120523_TIDF_Transportation_Impact_Development_Fee_Update.pdf
http://www.sf-planning.org/ftp/files/legislative_changes/new_code_summaries/120523_TIDF_Transportation_Impact_Development_Fee_Update.pdf
http://www.sf-planning.org/ftp/files/plans-and-programs/emerging_issues/tsp/tsp_TSF_Fact_Sheet_072115.pdf
http://www.sf-planning.org/ftp/files/plans-and-programs/emerging_issues/tsp/tsp_TSF_Fact_Sheet_072115.pdf
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Similar to San Francisco, Huntington Park, California, in Los Angeles County, 
requires a Transit Mitigation Fee as a condition of project approval that covers 
the costs of facilities required to be constructed to service the development.8 The 
Portland, Oregon Transportation System Development Charge applies, in varying 
rates, to new developments and property-use changes and is used to finance 
only qualified projects in the city’s Capital Improvement Plan that increase the 
capacity of the transportation system.  
 
Seattle offers a slightly different approach to transit mitigation. As Washington’s 
Growth Management Act restricts the use of impact fee funds to roadway 
improvements only, Seattle used the State Environmental Policy Act (SEPA) 
process to create a voluntary multimodal program. The city asks developers to 
fund planned multimodal transportation facilities through development impact 
mitigation payments. In response, developers then are relieved of traditional 
impact fees required as part of an environmental review conducted through 
SEPA. Improvements do not need to reduce or eliminate existing deficiencies, 
only account for the development’s impacts.9 Funds received through 
transportation mitigation payments are earmarked specifically for projects on a 
list predetermined by the city and negotiated with the developer. The funds are 
kept in a special reserve account; if not used within five years for the specified 
projects, they will be refunded with interest, unless the delay can be attributed to 
the developer.10 
 
Expanded Funding Policies in Massachusetts 

The limited Massachusetts transit mitigation actions described in the previous 
section can meaningfully improve access to transit and the user experience. The 
overall condition of the transit system, financial requirements of its operations, 
and envisioned system expansion can only be marginally addressed through 
transit mitigation as practiced today in Massachusetts. 
 
The Governor’s Special Panel to Review the MBTA issued a report in April 2015, 
which commented on virtually every aspect of MBTA finance and operations. 
One finding concerned the modal equity of mitigation as currently practiced in 
Massachusetts: 
 

“Having new development projects located near MBTA transit stations 
financially support MBTA service [could be included] as part of the developer 

                                            
8 http://qcode.us/codes/huntingtonpark/?view=desktop&topic=9-3-14-9_3_1406  
9 

http://www.westernite.org/Sections/washington/newsletters/Samdahl%20multimodal%20impa
ct%20fees.pdf  

10 http://www.seattle.gov/DPD/publications/CAM/cam243.pdf  

http://qcode.us/codes/huntingtonpark/?view=desktop&topic=9-3-14-9_3_1406
http://www.westernite.org/Sections/washington/newsletters/Samdahl%20multimodal%20impact%20fees.pdf
http://www.westernite.org/Sections/washington/newsletters/Samdahl%20multimodal%20impact%20fees.pdf
http://www.seattle.gov/DPD/publications/CAM/cam243.pdf
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mitigation process. While mitigation payments for roadway improvements are 
a routine and common practice in Massachusetts, the equivalent support for 
MBTA operations almost never occurs. Mitigation payments for MBTA 
improvements would become an established practice.”11 

 
The Governor’s Panel report also mentioned funding mechanisms that would 
require legislation. It suggests “exploring the use of District Improvement 
Financing (DIF) for municipalities, and pledging a portion of incremental property 
tax collections to cover a portion of the costs for major MBTA capital projects, 
especially debt payments over time.”12  
 
In practice, DIFs would function as TIF districts. DIFs can fund public 
infrastructure ranging from waste water facilities, transit stations, seawalls, street 
lights, playgrounds, brownfield mitigation, and parking garages. For those 
potentially placed around MBTA stations, station enhancement and system 
upgrades are all eligible because they are owned by a public entity. 
 
Another funding mechanism that would require legislation is impact fees, a 
practice now legal in a number of other states. The need for legislation was 
established by a court case in 2000 concerning a school-impact fee levied on 
developers in the town of Franklin. The Massachusetts appeals court found 
Franklin’s fee to be an impermissible tax rather than a municipal fee valid under 
its Home Rule Amendment. The decision limits individual municipalities’ ability to 
collect funds for public improvements that are necessary as a result of 
development. 
 
Enabling legislation for value-capture and impact fees would pose a number of 
equity issues. Congestion is caused by the combined burdens of both existing 
users and new users. The expectation that a higher level of financial support 
would be derived from new users than from existing users would need to be 
vetted in the political process. Implementation of value-capture would require 
resolution of similar issues, such as the fairness of defining project beneficiaries 
by drawing a boundary. 
 
Without legislation that enables value-capture or impact fees, municipal officials 
and operating authorities must use currently available mitigation arrangements 
that focus on the location of individual developments and business expansions. If 
                                            

11 Governor’s Special Panel to Review the MBTA. Back on Track: An Action Plan to Transform 
the MBTA. (April 8, 2015). http://www.mass.gov/governor/docs/news/mbta-panel-report-04-
08-2015.pdf.  

12 Governor’s Special Panel to Review the MBTA. Back on Track: An Action Plan to Transform 
the MBTA. (April 8, 2015). http://www.mass.gov/governor/docs/news/mbta-panel-report-04-
08-2015.pdf. 

http://www.mass.gov/governor/docs/news/mbta-panel-report-04-08-2015.pdf
http://www.mass.gov/governor/docs/news/mbta-panel-report-04-08-2015.pdf
http://www.mass.gov/governor/docs/news/mbta-panel-report-04-08-2015.pdf
http://www.mass.gov/governor/docs/news/mbta-panel-report-04-08-2015.pdf
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the congested bottleneck is not near the development, then currently there is no 
mechanism to apply the mitigation funds to the bottleneck. Even if a congested 
bottleneck happens to be at a new development, the cost of significantly 
expanding capacity may far exceed any potential mitigation payment. 
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Chapter 7—Summary and Conclusions 
7.1 Crowding and Congestion 

A recurring theme in this study is that both the generation and impacts of 
increased travel demand are regional. If new travel demand is generated at one 
location at a sufficient scale, the impacts of this incremental demand can be 
estimated and appropriate responses may be available to accommodate the 
added demand at that location. As the added travelers move farther from a new 
development, they add their travel to the regional travel congestion regardless of 
the mode, or modes, they utilize. 
 
Because the available data and operational characteristics vary significantly 
between the various transportation modes and subsystems, we have analyzed 
each part of the transportation system individually. The Base Year and year 2040 
capacity and travel demand were analyzed together for each subsystem, and 
where possible, travel demand that could be directly attributed to the selected 
large-impact projects also was analyzed. Some of the findings of these analyses 
include: 
 

• Roadways 
In the Base Year, about 25 percent of major study-area roadways are 
congested during the AM peak period, and about 39 percent are 
congested during the PM peak. These percentages are projected to 
increase to 34 and 51 percent, respectively, by 2040. About 24 percent of 
this increase may be attributed to the 72 selected large-impact projects, 
but these impacts are distributed widely across the study area.  

 
• Red Line 

The Red Line has the highest capacity of the four rapid transit lines, and 
experiences meaningful crowding today only on commutes from Quincy 
and Braintree. This is largely a consequence of this branch being served 
by only half of the Red Line trains. Future growth, especially from the 
selected large-impact projects, will exacerbate crowding in this commuting 
market. 
 

• Orange Line 
The Orange Line has meaningful crowding today on commutes from the 
north, but no crowding at all on commutes from the south. Congestion on 
these commutes will increase by 2040, and the selected large-impact 
projects will result in severe crowding. In 2040, congestion on commutes 
from the south will still be negligible. 
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• Green Line 
Crowding on the Green Line depends to a large degree on how many of 
its four branches operate at any particular point in the system. Crowding in 
the Base Year is almost entirely during the PM peak period, eastbound on 
the E branch at Prudential, and westbound from Park Street to Kenmore. 
Crowding in 2040 is expected to become severe throughout the Green 
Line tunnel system primarily as a result of the 72 selected large-impact 
projects. 

 
• Blue Line 

There is virtually no crowding on the Blue Line today under normal 
circumstances. In 2040, a small amount of crowding is expected crossing 
from Maverick to downtown Boston in the AM and returning in the PM. 
None of this crowding will be a result of the 72 large-impact projects. 

 
• Bus-Vehicle Services 

A sufficient number of bus trips are operated in the study area to 
accommodate travel demand with very little crowding. The year-2040 
ridership was estimated only for the system as a whole, and the impact of 
just the large-impact projects has not been calculated. Ridership growth 
may be accommodated with more trips or larger vehicles. 

 
• Commuter Rail 

Crowding is not a widespread problem in the commuter rail system. Riders 
view commuter rail as a premium service, and on a few trains, some riders 
need to either stand or use the less-desirable “middle seats.” Any 
crowding, real or perceived, may last as long as 20 or 25 minutes because 
of station spacing. Standardizing on larger, bi-level coaches will allow 
future ridership growth. 

 
7.2 Mitigation 

Three types of mitigation—traffic systems management, transportation demand 
management, and transit mitigation—represent distinct approaches to the 
problem of how best to accommodate a large increase in trip generation in an 
already congested area. These three approaches include a wide assortment of 
planning and program options that can be implemented successfully at a range 
of price points. With close collaboration between developers, planners, and 
permitting authorities, mitigation programs can meaningfully reduce or modify 
transportation impacts. However, any new development or increase in business 
activity will add some amount of regional travel demand. 
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The most ambitious mitigation agreements often require a significant 
expenditure, such as constructing or re-constructing a rail transit station. The 
recent construction of the Assembly Orange Line station by the Assembly Row 
developers is an example of a significant improvement to the transportation 
system financed through a mitigation agreement with a developer.  
 
The construction of a new station near a new development conforms to current 
mitigation practices in Massachusetts. The new station makes transit an 
attractive mode for users of the new development, which is the express purpose 
of the new station. However, these new users travel throughout the transit 
system, contributing to congestion across the entire network. 
 
With new legislation, funding mechanisms such as value-capture or impact fees 
could allow funds derived from a new development to be used in parts of the 
transit system not directly related to the development itself. It would be possible 
for investments funded through mitigation to be focused on an important 
pinchpoint rather than simply improving the area of the funding development. 
Even with this flexibility, the funds derived from a single developer would be 
insufficient to expand the entire system’s capacity meaningfully. Ultimately, user 
fees and broad-based revenue sources will be required to add capacity to the 
region’s transportation systems. 
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