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INTRODUCTION 

CTPS has conducted a Fare Increase Impacts Analysis to assist the MBTA 
Board of Directors in determining the following impacts of the proposed 2004 
fare increase: 

Revenue and Ridership Impacts 
- -  Q- 

Air Quality Impacts 
Environmental Justice Impacts 
Service Reductions In Lieu of a Fare Increase 

This memorandum will describe our findings on each of these issues in the 
sections below. Substantial portions of this text were provided by Vijay Mahal, 
Manager of Transportation Systems Analysis, and Thomas J. Humphrey and 
Jonathan Belcher, both of the Transit Service Planning Group. 

REVENUE AND RIDERSHIP IMPACTS 

Explanation of Fare Elasticity 

Fares are one of many factors that influence the level of ridership on transit 
services. Fare elasticity is the measure of the expected or observed rate of 
change in ridership relative to a change in fares if all other factors remain 
constant. For example, an elasticity of -0.3 indicates that for every 1% increase in 
fares, a ridership decrease of 0.3% would be expected. Conversely, with the 
same elasticity a 1% fare reduction would be expected to increase ridership by 
0.3%. Ridership and revenue changes for each mode as the result of a fare 
increase are calculated using the following formulas: 

1) A ridership = ridership ,,, x elasticity factor x O/o increase in fare + 100 

2) A revenue = (ridership ,,, + A ridership) x new fare - (ridership ,,, x old fare) 

For example, with an initial ridership of 1,000 passengers a day and a fare of 
$1.00, revenue would be $1,000. With an elasticity factor of -0.3, a 10% fare 
increase would result in a ridership loss of 3%, leaving 970 riders per day. At the 
new fare of $1.10, total revenue would be $1,067 per day, or an increase of 6.7%. 

In practice, it is impossible to isolate the impact of a change in fares from the 
influences of other factors that may coincidentally change at the same time. 
Furthermore, many of these other factors may be unknown. Consequently, 
studies of the impacts of fare increases that have been implemented within a 
specified span of years in cities of similar sizes have shown widely varying 
results. Therefore, there is some uncertainty as to which elasticity factors are 
appropriate to use for the MBTA's proposed fare increase. 



Estimation Methods Used 

Two separate approaches were used by CTPS in attempting to predict the 
impact on MBTA ridership of the proposed across-the-board fare increase of 
slightly greater than 25%. The first approach consisted of applying the CTPS 
Regional Model to forecast demand for each MBTA mode with the present and 
increased fare levels. The second approach used a set of spreadsheets originally 
created by CTPS and the MBTA to predict impacts of the 2000 fare increase. 

Travel Demand Model Approach 

The Boston regional travel demand model used by CTPS simulates travel on 
the entire Eastern Massachusetts transit and highway system. As such, it 
contains all MBTA rail and bus lines and all private express bus lines. The model 
contains service frequency( i.e. how often trains and buses arrive at any given 
transit stop), routing, travel time and fares for all these lines. In the highway 
system, all express highways and principal arterial roadways and many minor 
arterial and local roadways are included. 

The travel demand forecasting procedure used in this analysis is based on the 
traditional four-step, sequential process known as trip generation, trip 
distribution, mode choice and trip assignment. This process is used to estimate 
average daily transit ridership, rimarily on the basis of: estimates of population K and employment; projected hig way travel conditions (including downtown 
parking costs); and projected transit service to be provided. 

The entire Eastern Massachusetts geographic area represented in the CTPS 
model is divided into several hundred smaller areas known as traffic analysis 
zones (TAZs). Our model set employs sophisticated and involved techniques in 
each step of the process. The following paragraphs describe very briefly what 
each step does. 

Trip Generation 

In this step, the model estimates the number of trips produced in and 
attracted to each traffic zone. To do this, the model uses estimates of population, 
employment, and other socioeconomic and household characteristics of that 
zone. 

Trip Distributitin 

In this step, the distribution model links the trip ends estimated from trip 
generation to form zonal trip interchanges or movements between two zones. 
The output of this second step of the four step process is a trip table, which is a 
matrix containing the number of trips occurring between every origin- 
destination zone combination. 



Mode Choice 

The mode choice model allocates the person trips estimated from the trip 
distribution step to the two primary competing modes; automobile and trimit. 
This allocation is based on the desirability or utility of each choice a traveler faces, 
based on the attributes of that choice and the characteristics of the individual. 
The resulting output of the mode choice model is the percentage of trips that use 
the automobile and transit for each interchange. 

Trip A s s i m e n t  

In this final step, the model assigns the transit trips to different transit modes 
such as Subway, Commuter Rail, Local Bus, Express Bus, etc. To do this, it uses 
multiple transit paths from one zone to another that minimize generalized cost. 
These paths may involve just one mode such as a local bus or commuter rail, or 
multiple modes such as a local bus and a transfer to the subway, etc. The 
highway trips are assigned to the highway network. Thus, the traffic volumes 
on the highways and transit ridership on different transit lines can be obtained 
from the model outputs. 

Population and employment are key inputs to the demand forecasting 
process. Those used here were obtained from the Metropolitan Area Planning 
Council (MAPC). The highwa travel times used in the analysis are those used in iG other recent CTPS transit and 'ghway studies. Downtown parking costs are 
also those used in other studies recently. Our models assume that people in 
general wish to minimize transfers. They may also wish to minimize travel time 
even if it costs more. 

Spreadsheet Approach  

While the spreadsheet tools used to estimate revenue and ridership impacts 
of the pro osed 2004 fare increase were the same as those used for the 2000 fare 
increase, &ey were updated by the MBTA to reflect the resent and proposed 

calculated in the 2002 fare-mix study. 
K fares, and further revised by CTPS to incorporate riders p estimates by mode 

Inputs to these spreadsheets call for ridership to be broken down not only by 
mode and fare-payment method, but also by subcategories such as passengers 
making combination bus and rapid transit trips. These subcategories represent a 
finer level of detail than was pursued in the fare-mix study, so in some cases it 
was necessary to make assumptions as to the proportions of full and reduced 
cash and pass fares. In addition, some multi-modal trips do not fit into any of the 
categories included in the spreadsheet. For example, although there are 
categories for trips using combinations of local bus and rapid transit there are 
none for express bus combined with rapid transit or for local bus combined with 
surface Green Line. Survey results show that such trips do take place, albeit in 
fairly small numbers. Time constraints did not allow for modification of the 
spreadsheets to provide for additional categories. Therefore, ridership for such 
trips was generally combined with that in similar categories. 



Description of Elasticity Assumptions 

Spreadsheet calculations were made using four different sets of elasticity 
factors, shown in Table 1. The first set was the same as that used in the 2000 fare 
increase impact projections. These elasticities were provided by MBTA Service 
Planning. The second set multiplied all factors in the first set by 1.1. (For 
example, the cash-fare elasticity for bus was changed from -0.15 to -0.165.) This 
change was made at the suggestion of MBTA Service Planning, based on an 
assumption that passengers would now be more sensitive to a fare increase than 
they were in 2000. (Fares had not changed for nine years prior to the 2000 
increase.) 

The third set of elasticities was based on a review of literature from other 
North American cities. Although the spreadsheet allowed for input of separate 
elasticities for cash and pass fares, the results from other cities provided only one 
factor per mode. This was used for both cash and pass fares in the third set. The 
fourth set of elasticities was based on the output of the Regional Model. Like the 
third set, it used a single factor for both cash and pass fares. 

Tables 2 and 3 show the projected change in ridershi and revenue with each 
set of elasticity factors. Using the first set of elasticities, t f~ e proposed fare 
increase was projected to result in an overall ridership loss of 3.8% and a net 
revenue gain of 19.9%. The second set of elasticities projected a ridership loss of 
4.2% and a revenue gain of 19.4%. The third set projected a ridership loss of 6.8% 
and a revenue gain of 16.7%. 

The fourth set, based on the Regional - Model, - had overall results between 
those of the second and third sets, with a ridership loss-of 4.9% and a revenue 
gain of 17.9%. However, the fourth set projected a lower ridership loss for rapid 
transit and a much greater loss for commuter rail than were projected by any of 
the other elasticity sets. Specifically, the projected ridership loss for rapid transit 
was only 2.2%, compared with a range from 3.4% to 4.9% in the other sets. The 
projected loss for commuter rail was 11.1% in the fourth set, compared with a 
range from 3.6% to 7.8% in the other sets. 

TABLE 1 
Elasticity Factors Used in Spreadsheet Method 

Set 1 Set 2 - - 

Mode Cash Pass Cash Pass Set 3 Set 4 
Commuter Rail -0.11 -0.15 -0.121 -0.165 -0.31 -0.44 

~ 

Rapid Transit -0.13 -0.17 -0.143 -0.187 -0.17 -0.06 
Local Bus -0.15 -0.19 -0.165 -0.209 -0.36 -0.30 
Express Bus -0.15 -0.19 -0.165 -0.209 -0.36 -0.28 



TABLE 2 
Estimated Percent Changes in Ridership by Mode 

Mode Set 1 Set 2 Set 3 Set 4 Regional Model 
Commuter Rail -3.6% -3.9% -7.8% -11.1% -13.9% 
Rapid Transit -3.4% -3.8% -4.9% -2.2% -2.2% 
Local BUS -4.6% -5.0% -10.2% -8.1% -7.1% 
Express Bus -4.5% -4.9% -9.9% -8.3% -7.8% 
Overall -3.8% -4.2% -6.8% -4.9% -4.9% 

TABLE 3 
Estimated Percent Changes in Revenue by Mode 

Mode Set 1 Set 2 Set 3 Set 4 Regional Model 
Commuter Rail 20.6% 20.1% 15.3% 11 -2% 11.3% 
Rapid Transit 19.2% 18.7% 17.8% 21.1% 23.1% 
Local Bus 20.9% 20.3% 16.0% 18.7% 15.6% 
Express Bus 20.0% 19.5% 13.9% 15.8% 16.3% 
Overall 19.9% 19.4% 16.7% 17.9% 15.2% 

Table 4 shows the estimated changes in annual system ridership and revenue 
using each of the four elasticity sets and the regional model. All changes are 
from base annual totals of 329,246,000 riders and revenue of $274,990,000, 
derived from the 2002 fare-mix study. These results indicate that the proposed 
fare increase would result in a net gain of $41.8 million to $54.7 million er year, 
but would result in a loss of 12.5 million to 22.4 million annual riders. &e 
smallest projected revenue gain is that from the regional model. 

Elasticity Set 3 (based on typical North American fare elasticities) shows both 
a larger ridership loss and a larger revenue gain than the Regional Model. This 
apparent inconsistency occurs because a greater share of the ridership loss 
ro'ected by the Regional Model is from commuter rail, which has substantially 

RigLer average fares (and therefore higher average revenue per passenger) than 
the rest of the system. 

Differences between the results of the regional model and those of Set 4, 
which actually uses the same elasticities calculated by the Model, are mostly due 
to differences in the level of detail at which fare increases were considered. The 
spreadsheet method (where regional model-generated elasticity figures were 
applied in Set 4) subdivided ridership on each mode into the various full-fare and 
reduced-fare cash and pass options available, but the Regional Model itself did 
not. Instead, a weighted average fare increase for all riders was applied. This 



average was calculated using the proportions of senior and adult riders found in 
the 2002 fare-mix study. 

The regional model results project a disproportionately large loss in revenue 
from commuter rail compared with the other modes examined. However, this is 
not consistent with the experience of the 2000 fare increase, when commuter rail 
ridership stayed relatively constant from the year before to the year after, much 
like the other modes. It should be noted that commuter rail revenue figures 
from the first half of 2002 did show a net decrease compared with the 
corresponding months in 2001, but this was more likely due to the dramatic 
economic downturn during that period rather than the fare increase in 2000. It is 
also possible that the disproportionately large impacts on commuter rail revenue 
projected by the regional model are due to peculiarities in the way that the 
model defines incremental fares on the MBTA's multi-fare zone commuter rail 
lines. Minor uncertainties such as these reinforce CTPS's recommendation to the 
MBTA that no single approach to projecting revenue and ridership impacts be 
used definitively. Instead, it is recommended that the impacts be defined in 
terms of a range, just as they have been in previous fare increases. 

TABLE 4 
Estimated Percent and Absolute Changes in Ridership and Revenue (Annual) 

Elasticity Set 
Regional 

Measure Set 1 Set 2 Set 3 Set 4 Godel 

Base 
Ridership 329,246,000 329,246,000 329,246,000 329,246,000 329,246,000 

Ridership 12,511,000 13,828,000 22,389,000 16,133,000 16,133,000 
Decrease (3.8%) (4.2%) (6.8%) (4.9%) (4.9%) 

Base 
Revenue $274,990,000 $274,990,000 $274,990,000 $274,990,000 $274,990,000 

Revenue $54,723,000 $53,348,000 $45,923,000 $49,223,000 $41,798,000 
Increase (19.9%) (19.4%) (16.7%) (17.9%) (15.2%) 

Indeed, it is extremely difficult to identify the "correct" elasticity figures to 
use in the spreadsheet approach, given that customer responses to the fare 
increase are dependent on a number of factors including traffic congestion on 
alternative driving routes, parking fees at trip ends, length of time since the prior 
fare increase, transit dependency, and others. However, it is useful to note that 
of the four sets of elasticities used to estimate revenue and ridership changes, the 
one that resulted in the most detrimental impacts by far, was that based on a 
review of literature from other North American cities. (Estimated ridership 
losses were 39% higher than the next closest results.) This may be due to more 
onerous parking costs experienced by Boston area residents, along with 
comparatively lower transit fares here than those in most other North American 
cities. Moreover, the observed elasticities of each MBTA fare increase in recent 
history have not been nearly as extreme as these figures. In fact, the discussion 



in the following section indicates that the observed elasticities of the 2000 fare 
increase were approximately zero for each mode. Consequently, it is unlikely 
that the ridership losses due to a potential fare increase in 2004 would fall in the 
upper end of the range defined in Table 4. 

Instead, it is more likely that the actual elasticities related to the fare increase 
would fall closer to those traditionally used by MBTA Service Planning and to 
those generated by the regional travel demand model, which is specifically 
calibrated to predict travel behavior of Boston-area residents. This suggests that 
the negative ridership impacts of the fare increase would be between 3.8% and 
4.9% overall. These ridership losses then correspond to a revenue increase of 
between 17.9% and 19.9%. 

OBSERVED ELASTICITIES OF 2000 FARE INCREASE 

In an effort to better define the elasticities that will likely be experienced in 
conjunction with a potential 2004 fare increase, actual ridership and revenue 
changes resulting from the 2000 fare increase were examined in detail. Based on 
the available information, none of the MBTA modes experienced overall losses in 
ridership as a result of the fare increase. It is possible that ridership in 2001 
would have been even greater if there had been no fare increase, but this cannot 
be determined. 

This section presents findings for the core system services (rapid transit, light 
rail, bus, and trackless trolley) and commuter rail, for cash-fare and pass 
ridership. Because of the staged implementation of the 2000 fare increase, the 
intervals used for before and after comparisons were January to August 2000 
and January to August 2001. For the core system overall, cash-fare ridership 
-increased by 4.Q$%-between the before and after spans. The rapid transit lines 
and Green Line had increases. The bus and trackless trolley system had a slight 
decrease in cash-fare passengers, but this was attributable to the diversion of 
some cash fare trips to Senior/Transportation Access pass trips and free bus-to- 
bus transfer trips. 

All categories of core system monthly passes except the Combo had lower 
sales in 2001 than in 2000, but most of this was apparently a result of passengers 
switching to other fare payment options rather than ceasing to use the system. 
In some cases, the new fare structure raised the break-even point between the 
cost of paying cash or using a pass. This was especially true for passengers who 
formerly used bus passes for trips involving bus-to-bus transfers. Some 
passengers switched from use of monthly passes to use of new weekly passes, 
but sales of the latter were not shown in reports produced during the "after" 
interval used in the comparisons. Pass ridership losses did not exceed cash fare 
ridership gains on any of the core modes. 

In the first eight months of 2001, ticket-fare ridership on the commuter rail 
system decreased by 3.476, but pass ridership increased by 3.5%. Because of the 
high proportion of pass use, this resulted in an overall ridership gain of 1.3%. 



Although overall averages show no ridership losses as a result of the 2000 
fare increase, specific routes or stations could have experienced losses. It is also 
reasonable to assume that some passengers left the system because of the fare 
increase, but that new ridership from other sources exceeded the number that 
left. 

Reasons for Selection of Intervals for Before and After Comparisons 

The 2000 fare increase was implemented in several stages. Cash fares on all 
modes were raised effective September 18,2000, but pass prices did not increase 
until November 1. Monthly passes for senior citizens and passengers with 
disabilities were also introduced on November 1. For some passengers, such 
passes would have reduced the cost per trip compared with the old cash fares. 
Even more significantly, free bus-to-bus transfers were introduced on December 
1,2000. For a passenger who formerly paid cash to make a two-bus trip, the cost 
compared with the old fares dropped from $1.20 to $0.75, but for a passenger 
who formerly used a bus pass for such a trip, the break-even point compared 
with paying cash doubled. 

The final significant change was the introduction of Weekly Combo passes on 
January 1,2001. These require a smaller up-front outlay than the monthly 
Combo pass, and are also less costly over a period of several months, but the 
weekly passes are sold at only a few locations. The standard revenue reports 
provided to CTPS for this analysis did not include revenue from Weekly Combo 
pass sales prior to October 2001. In that month, revenue from the two weekly 
pass forms was 11.7% as great as revenue from the two corresponding monthly 
pass forms, but it is unclear how quickly this ratio was attained. 

TO minimize impacts of other factors such as weather, it was desirable to 
make ridership comparisons for spans of longer than one month. Because of the 
staggered implementation of the fare changes described above, calendar 2001 
was the first full year in which all of the new fares were in effect, but calendar 
2000 had all the old fares in effect only from January through August. Using 
"before" data from prior to 2000 or "after" data from later than 2001 would 
have increased the possibility of ridership being influenced by factors other than 
fares. Therefore, the comparisons in this section were based on the eight-month 
spans from January to August in 2000 and in 2001. 

Changes in Core System Ridership Before and After 2000 Fare Increase 

Information Sources 

Ridership is estimated from revenue collections, by applying average fare 
factors derived from fare-mix studies. (These procedures are described in 
greater detail in the MBTA 2002 Fare-mix Study Report.) Prior to the 2000 fare 
increase, the most recent fare-mix figures were based on samples taken in 1996. 
After the fare increase, fare-mix samples were taken over a span of several 
months during 2001 and 2002. Assuming that the 1996 and 2001 12002 results are 
representative of the fare-mixes in the time spans used in the before and after 



study, they can be applied to revenue figures from those spans to estimate 
ridership. 

The relative use of cash and pass fares varies substantially by route, station, 
and time of day, so it is difficult to ensure that fare-mix samples will show a 
representative split. To minimize the impact of this problem in the before and 
after study, cash-fare ridership trends were examined by applying average cash- 
only fares to cash-fare revenue, and pass ridership trends were based on 
comparisons of numbers of passes sold. Changes in fares or fare structure 
would be expected to result in some passengers switching from cash fares to 
passes or vice-versa. In such cases, a reduction in ridership by one fare form 
may result from a shift to another form rather than from an actual ridership loss. 

Changes in Core System Cash Fares 

Changes in cash fare revenue and ridership on the core system (rapid transit, 
Green Line, bus, and trackless trolley) are shown in Table 5. For the first eight 
months of 2001, cash-fare ridership for all core lines combined showed an 
increase of 4.0% compared with the same span in 2000. The Red, Orange, and 
Blue Lines and the Central Subway combined showed a gain of 7.3%, and the 
surface Green Line had a gain of 2.4%. Cash- fare ridership on the bus and 
trackless trolley system as a whole decreased by 0.4%, but this was mostly a 
result of the introduction of Senior /Transportation Access passes and free bus- 
to-bus transfers. The figures above include only passengers paying fares in cash. 
The 2002 fare-mix study found one free bus-to-bus transfer trip for every 7.2 
cash-fare bus trips. If this same ratio ap lied during the first eight months of R 2001, combined cash and transfer riders ip would have exceeded cash ridership 
from the same span in 2000 by 13.4%. In absolute terms, this would have been 
about 121,000 transfer boardings per week. As discussed below, some of the 
transfer riders shifted from bus pass use because of the much higher break-even 
point under the new fare structure. 

The fare increase rates on the core system varied by mode and by fare class. 
The basic rapid transit and Central Subway full fare was raised from $0.85 to 
$1.00, or 17.6%. Reduced fares for children and students went from $0.40 to 
$0.50, and those for senior citizens and passengers with disabilities increased 
from $0.20 to $0.25 or an increase of 25% in each case. Overall cash-fare revenue 
on these services increased by 19.4% between the comparison months in 2000 
and 2001. 

On the B, C, and E branches of the surface Green Line the old and new fares 
were the same as the basic rapid transit fares. Most fares on the D Line were 
increased by 25%, except that child and student fares in the inner zone were 
increased by only 20%. Overall cash-fare revenue from the surface Green Line 
increased b 25.5%, suggesting that the net gain in cash-fare ridership was x mostly on t e D branch, or among other groups that experienced the highest 
percentage increases in fares. 



The MBTA bus and trackless trolley system has numerous fare levels, and 
these did not all have the same percentage fare increases in 2000. Ridership is, 
however, heavily concentrated on the basic-fare routes. On these, the full cash 
fare was raised from $0.60 to $0.75, or 25%. Child and student fares were raised 
from $0.30 to $0.35 (16.7%) but senior and disability fares remained at $0.15. 
Overall cash-fare revenue from the bus and trackless trolley system increased by 
17.2% between the comparison months in 2000 and 2001. This lower gain . 
compared with the full-fare increase was partly a result of diversions from cash 
fares to free transfers, and partly a result of smaller percentage increases in the 
fares on many of the extra-fare routes. 

TABLE 5 
Core System Cash Fare Revenue and Ridership Before and After Fare Increase 

Total Cash Avg. Cash Fare 
Fare Revenue ~ i d s s  per Week 

Jan.- Jan.- Pd. Jan- Jan.- Pct. 
Mode Aug. 00 Aug01 Chg. Aug. 00 Aug. 01 Chg. 
Rapid Transit and 
Central Subway $37.9 m $45.3 m +19.4% 1.3 m 1.4 m +7.3% 
Surface Green Line $5.6 m $7.1 m +25.5% 177,108 181,389 +2.4% 
Bus and Trackless 
Trolley $15.2 m $17.9 m +17.2% 874,765 871,220 -0.4% 
Total Core System $58.8 m $70.2 m +19.4% 2.3 m 2.4 m +4.0% 

Changes in Core Sys tem Pass Ridership 

All monthly passes are valid on more than one mode, so pass ridership 
changes by mode are more difficult to calculate than cash-fare changes. Changes 
in sales of any given pass form could reflect shifts to or from use of other pass 
forms or cash fares rather than actual ridership gains or losses. Most assengers 
obtaining monthly Bus, Subway, Combo, or Combo Plus passes use t R em 
mostly on core system service, but the latter three forms are also valid for travel 
between the downtown Boston commuter rail stations and stations in commuter 
rail fare Zones 1A or 1B. 

Changes in pass sales by pass form for the first eight months of 2001 
compared with the same span in 2000 are summarized in Table 6 and are 
discussed in more detail below. Combined sales of monthly Local Bus, Subway, 
Combo, and Combo Plus passes decreased by 0.9%. Including Senior passes 
(introduced after the fare increase) and allocated shares of Zone 1 and 2 
commuter rail passes, (using factors from the 1999 Pass User Survey) the total 
number of passes sold for use on the core system decreased 0.4%. 



Local Bus Passes 

The Local Bus pass price was raised from $20 to $25, or an increase of 25%, in 
2000. In the first eight months of 2001, revenue from sales of Local Bus passes 
increased by 18.1% compared with the same span in 2000, but the number of 
these passes sold decreased by 5.5%. The sales decrease was largely because of 
the introduction of free bus-to-bus transfers. Under both the old and new fare 
structures, the price of a monthly Local Bus pass was the same as that of 33.3 full 
cash fares. Under the old structure, a passenger making a one-way trip including 
a bus-to-bus transfer had to pay separate fares on each bus, so a Local Bus pass 
was less costly than the full cash fare if more than 16.7 such trips were made per 
month. Under the new structure, the same passenger would pay a cash fare 
only on the first of two bus trips, so the number of trips required for break-even 
between cash and pass was doubled. 

In absolute terms, the number of Local Bus passes sold in the first eight 
months of 2001 decreased by an average of 1,709 per month compared with the 
same span in 2000. If the decision to buy a pass was based primarily on cost, 
each such pass would have been used for at least 33.3 bus boardings, so the 
reduction in pass sales should represent an average reduction of at least 56,910 
pass boardings per month. At the other extreme, a passenger using a pass to 
make one round trip per day including two buses in each direction would have 
made four bus boardings per day. At an average of 21 weekdays per month, 
such a passenger would have used the pass for 84 boardings. Under the new 
fare structure, a Local Bus pass would continue to be more cost-effective than a 
cash fare for those who formerly used the pass for more than 66.6 boardings per 
month. Therefore, the decrease in Local Bus pass sales should represent an 
average reduction of at most 113,820 pass boardings per month. Taking into 
account the variation in the number of weeks per month, the average Local Bus 
pass trip reduction per week would range from 13,115 to 26,230. If the entire 
drop in Local Bus pass sales was attributable to a shift to use of cash plus 
transfers, half of the diversions would have been included in the cash-fare total 
and half in the transfer total in 2001. This would have contributed a weekly 
average of at least 6,557 and at most 13,115 bus boardings by transfer. As 
discussed above under cash fares, the 2002 fare-mix results indicate that up to 
121,000 transfer boardings per week would have been made in 2001. This is 
much greater than the number that apparently shifted from use of Local Bus 
passes, so the majority of transfer users were either new riders or riders that 
formerly paid separate cash fares on each bus. 



TABLE 6 
Core System Monthly Pass Revenue and Sales Before and After Fare Increase 

Total Pass Sales Revenue Avg. Pass Sales per Month 
Pct. Tan.- Tan.- Pct. 

Pass Type Jan.-Aug. 00 Jan.-Aug 01 Chg. A U ~ .  00 A& 01 Chg. 
Bus $4,970,620 $5,871,458 +18.l% 31,066 29,357 -5.5% - .-- 

Subway $20,519,567 $26;539;287 +29.3% 94,998 94,783 -0.2% 
Combo $18,322,541 $23,220,140 +26.7% 49,790 50,921 +2.3% 
Combo+ $3,325,516 $3,887,772 +16.9% 8,660 7,714 -10.9% 
Zone 1 Core $520,047 $687,539 +32.2% 1,016 1,011 -0.5% 
Zone 2 Core $1,096,575 $1,419,731 +29.5% 1,904 1,888 -0.8% 
Senior / TAP $105,131 N/A 1,011 N/A 

Total $48,754,866 $61,731,058 +26.6% 187,434 186,686 -0.4% 

Subwav Passes 

The Subway pass price was raised from $27.00 to $35.00, or an increase of 
29.6%, in 2000. This was among the highest pass-price increases in the MBTA 
system. Nevertheless, in the first eight months of 2001 compared with the same 
span in 2000, the number of these passes sold decreased by only 0.2%. As a 
result, sales revenue increased by 29.3%. 

Under the old fare structure, the Subway pass rice was the same as 31.8 cash K fares at $0.85 each. Under the new fare structure t e Subway pass price was the 
same as 35 cash fares at $1.00 each. Therefore, passengers who used a Subway 
pass for more than 31.8 but fewer than 35 trips per month would have had an 
incentive to switch to paying cash fares. In absolute terms, the number of 
Subway passes sold in the first eight months of 2001 decreased by an average of 
215 per month compared with the same span in 2000. At a maximum use of 35 
trips per pass, this would have represented an average decrease of 7,525 Subway 
pass trips per month, or 1,735 per week. The revenue figures show an increase 
of an average of 94,183 cash-fare passengers per week on the rapid transit lines 
and Green Line Central Subway combined, greatly exceeding the possible shift 
from Subway pass use. Therefore, the combined cash and pass figures do not 
indicate any net ridership loss in consequence of the increase in Subway pass 
price. 

Monthlv Combo Passes 

The monthly Combo pass price was raised from $46 to $57, or an increase of 
23.9%, in 2000. Nevertheless, sales of these passes increased by 2.3% in the first 
eight months of 2001 compared with the same span in 2000. This resulted in a 
revenue increase of 26.7% from this pass form. The results of the 1999 pass-user 
survey indicate that Combo passes are used most commonly for trips involving 
a local bus and a rapid transit line or the Central Subway. Monthly Combo pass 
sales might have been expected to decrease as a result of the introduction of 



weekly Combo passes. The smaller rate of increase in Combo pass sales 
compared with the 7.3% increase in rapid transit cash-fare ridership suggests that 
some new passengers who would have purchased monthly passes if Weekly 
passes were not available, did in fact choose Weekly passes. 

break-even point between using a monthly Combo pass and paying cash 
fares would depend on the trips for which the pass was used. In most cases, the 
break-even point was slightly higher after the 2000 fare increase than under the 
old fare structure, but the difference was so small that it was unlikely to have 
caused many pass users to switch to cash. Under the old fare structure, the total 
cash fare for a trip requiring a basic rapid transit fare and a one-zone local bus 
fare was $1.45, resulting in a break-even point of 31.7 one-way trips for the 
Combo pass. After the 2000 increase, the cash fare for the same trip was $1.75 
and the break-even point for the Combo pass was 32.6 one-way trips. 

The Combo pass is also the minimum pass level required at stations in the 
outer zone of the Green Line D Branch or at the Quincy Center Red Line station, 
with or without use of a connecting local bus. On both of these rail lines, the 
inbound cash fare for a trip to downtown Boston is higher than the outbound 
fare, so the break-even point for a pass must be calculated from the average of 
the inbound and outbound fares. D Branch outer zone passengers not using 
connecting buses would have paid an average of $1.425 each way under the old 
fare structure, resulting in a break even-point of 32.3 one-way trips for the 
Combo pass. After the 2000 increase, the average one-way fare was $1.75 and 
the break-even point was 32.6 trips. A trip on the D Branch with a local bus 
connection would have cost $2.025 each way under the old fare structure, 
resulting in a break-even point of 22.7 trips. After the 2000 fare increase, the 
cash-fare for such a trip was $2.50, and the break-even point was 22.8 trips. 

- 

Under the old fare structure a trip from Quincy Center to Boston with no bus 
connection would have cost an average of $1.275 each way, making the break- 
even point for the Combo pass 36.1 trips. After the 2000 fare increase, the cash- 
fare for such a trip was $1.50, and the break-even point was 38.0 trips. For a trip 
from Quincy Center to Boston with a connecting one or two zone local bus trip, 
the old average cash fare was $1.875 and the break-even point for the Combo 
pass was 24.5 trips. The 2000 increase raised the cash fare to $2.25 and the break- 
even point to 25.3 trips. For a trip from Quincy Center to Boston with a 
connecting three-zone local bus trip, the old average cash fare was $2.275 and the 
break-even point for the Combo pass was 20.2 trips. The 2000 increase raised 
the cash fare to $2.75 and the break-even number of trips to 20.7. 

The Weekly pass revenue figures from October 2001, the first month for 
which they were included in standard reports, indicate that sales of Weekly 
Combo passes were then averaging about 5,600 per week. A passenger buying 
a monthly pass instead of the corresponding Weekly pass would buy one pass 
per month instead'of one per week. Therefore, if all of the users of Weekly 
Combo passes had obtained monthly Combo passes instead, sales of the latter 
would have increased by 5,600 per month. It is unknown how long it took for 
this level of weekly sales to be attained, but an increase of 5,600 passes per 



month over the first eight months of 2001 would have been equivalent to 11.2% 
of the monthly Combo pass sales in the same span in 2000. 

The relative cost of using monthly and weekly Combo passes would vary 
depending on the number of weeks in the month. Over the course of a year, 52 
weekly passes would cost 5% less than 12 monthly passes. A weekly pass user 
could also vary purchases to match changing travel needs, such as vacation days 
off, more closely. 

Monthlv Combo Plus Passes 

The monthly Combo Plus pass price was raised from $48 to $63, or an 
increase of 31.3% in 2000. This was the third-largest percentage increase among 
all MBTA system pass forms. Sales of these passes showed the largest drop 
among core system pass options, declining by 10.9% in the first eight months of 
2001 compared with the same span in 2000. Because of the reduced sales, 
revenue from these passes increased by only 16.9%. 

Combo Plus passes are of very limited applicability, being the minimum pass 
level required for passengers boarding the Red Line at Quincy Adams or 
Braintree, either with or without use of connecting bus service. The new fare 
structure raised the break-even point between cash fares and Combo Plus passes 
by varying amounts, depending on how the passes were used. For a passenger 
using only the Red Line, the break-even point changed from 28.2 to 31.5 one- 
way trips per month. For a passenger using the Red Line and a basic-fare bus 
route, the break-even point changed from 20.9 to 22.9 one-way trips. For a 
passenger using the Red Line and a three-zone bus route, the break-even point 
changed from 17.8 to 19.4 one-way trips. The 1999 pass-user survey results 
indicate that Combo Plus passes were used about equally by passengers using 
only the Red Line and by passengers using both the Red Line and connecting 
buses. 

In absolute terms, the number of Combo Plus passes sold in the first eight 
months of 2001 decreased by an average of 946 per month compared with the 
same span in 2000. If half of the loss was from passengers that reviously made 
between 28.2 and 31.5 trips per month and half by passengers t K at formerly 
made between 20.9 and 22.9 trips, the maximum reduction in Red Line pass trips 
would have averaged 25,730 per month, or 5,930 per week. Red Line ridership 
figures cannot be separated from those of the rapid transit system as a whole in 
the figures above, but the increase in cash fares on the latter greatly exceeded the 
combined possible shifts from Combo Plus and Subway passes. (As discussed 
above, monthly Combo passes showed a net increase in sales after the fare 
increase, although some former users of this pass form would have found that it 
was no longer less costly than paying cash fares.) 

Some of the drop in monthly Combo Plus pass sales would have been 
accounted for by shifts to use of Weekly Combo Plus passes, but the revenue 
reports for the first eight months of 2001 used in this study do not include 
Weekly pass sales. Later reports do include Weekly pass sales revenue, but 



Combo and Combo Plus figures are combined. Weekly Combo Plus passes are 
sold only at the Quincy Adams and Braintree stations. Daily revenue reports 
from these stations from October 2001 did not yet include Weekly pass sales 
figures. Daily reports from May 2002 showed an average of 550 Weekly Combo 
Plus passes being sold at the two stations combined each week. 

A passenger buying a monthly pass instead of the corresponding Weekly 
pass would buy one pass per month instead of one per week. Therefore, sales of 
550 Weekly passes per week could be attributable to a loss in sales of 550 
monthly passes per month. If this Weekly pass sales rate had been attained on 
average in the first eight months of 2001, it would have accounted for 58% of the 
drop of 946 in monthly Combo Plus pass sales in that span compared with the 
same span in 2000. 

The relative cost of using monthly and Weekly Combo Plus passes would 
vary depending on the number of weeks in the month. Over the course of a 
year, 52 Weekly passes would cost 3.8% less than 12 monthly passes. A Weekly 
pass user could also vary purchases to match changing travel needs, such as 
vacation days off, more closely. 

Zone 1 and 2 Passes 

Some MBTA express bus routes or long zoned fare routes require a 
minimum pass level of Commuter Rail Zone 1 or Zone 2 to cover the full fare. 
One route formerly required a minimum Zone 3 pass to travel the full trip 
length, but it carried few passengers on that segment and it has since been 
discontinued. Therefore, passengers obtaining Zone 3 or higher level passes can 
be presumed to do so primarily for commuter rail travel, with use on other 
modes being incidental connections. Changes in sales of these passes are 
discussed below under commuter rail. 

Passengers obtaining Zone 1 or 2 passes may be doing so either for use on 
commuter rail or for use on express buses. (In some cases where there is parallel 
service, passen ers may alternate between commuter rail or buses on different 
days.) Except t f rough occasional surveys, there is no means of collecting 
information on how passes are to be used. MBTA revenue accounting 
procedures allocate Zone 1 and 2 passes between commuter rail and the core 
system by various formulas. The same formulas were used both before and 
after the 2000 fare increase. Under these formulas, all Zone 1 and 2 passes sold 
either bv railroad emplovees at commuter rail stations or by independent ticket 
agents lbcated in or nearstations were allocated to commuter rail. Passes sold 
through the employer pass program were allocated 70% to commuter rail and 
30% to the core system. Zone 1 and 2 passes sold via all other means were all 
allocated to the core system. The sales allocated entirely to the core account for a 
relatively small portion of total pass sales. 

Between January and August 2000, the allocation methods credited 31.1% of 
Zone 1 passes and 30.2 % of Zone 2 passes to the core. Following the fare 
increase, some passengers evidently shifted from purchasing passes at 



commuter rail stations or from agents to obtaining them through the employer 
pass program. This was most likely because of the increased cash outlay 
required to urchase commuter rail passes in person. Although such passes 
should still R ave been allocated to commuter rail, the formulas credited 30% of 
them to the core system. This raised the overall core shares to 33.6% of Zone 1 
passes and 31.9% of Zone 2 passes in the first eight months of 2001. Total pass 
sales in this span were 0.5% lower in Zone 1 and 0.8% lower in Zone 2 than in the 
corresponding span in 2000. However, with the allocation formulas used in the 
pass sales reports, core pass sales appeared to have increased 7.4% in Zone 1 and 
4.9% in Zone 2 while commuter rail pass sales in the same zones decreased by 
4.0% and 3.3%. These patterns are inconsistent with the changes in sales of other 
pass forms both in the core system and on the commuter rail system. Lacking 
information to the contrary, the best assumption that can be made is that the 
commuter rail and core shares of Zone 1 and Zone 2 passes were the same 
before and after the fare increase. In that case, the overall percentage changes in 
pass sales in these zones would have applied to both the core system and 
commuter rail. 

In 2000 the Zone 1 pass price was raised from $64 to $85, or an increase of 
32.8%, and that of the Zone 2 pass was raised from $72 to $94, or 30.6%. The 
Zone 1 percentage increase was the largest among all MBTA pass forms. 
Because of the small reductions in sales, total revenue from Zone 1 passes 
increased by 32.2% and that from Zone 2 passes by 29.5% between the 
comparison months of 2000 and 2001. 

Senior /Transportation Access Passes 

This pass form was introduced in September 2000, at the same time that cash 
fares on all modes were raised. These passes are valid on all core system 
services, except for express buses. To date, there have been no surveys of where 
these passes are being used. For those eligible to use these passes, the price of 
$13.00 per month is equivalent to 52 cash fares on the rapid transit system or 
Green Line, 87 cash fares on basic-fare buses, or 32.5 combined bus and rapid 
transit fares. Therefore, it would be expected that such passes would be 
purchased mostly by passengers making an average of four or more round trips 
per week involving use of both buses and rapid transit. Passengers who would 
be eligible for these passes account for only a small percentage of all MBTA 
riders, and many of them would not have occasion to use the NIBTA often 
enough to make the passes cost-effective. Therefore, the market for these passes 
is ven7 limited. Sales figures indicate that demand for these passes peaked in the 
first t&o months they were sold, then declined steeply, before gradually 
returning to the initial level by the Spring of 1992. This implies that many of the 
passengers who first purchased these passes discovered that they were not cost- 
effective and went back to paying cash fares. 

Between January and August 2001, sales of Senior/Transportation Access 
passes averaged 1,011 per month. If each such pass was used at just break-even 
level, this would have accounted for an average of 7,573 rapid transit and 7,573 
bus trips per week. This would have been equivalent to 0.6% of the cash-fare 



ridership on the rapid transit system and 0.9% of that on buses prior to the fare 
increase. The latter figure alone could have more than accounted for the overall 
net decrease in bus system cash- fare ridership between the before and after time 
spans. (As discussed above, shifts from cash fares to free bus-to-bus transfers 
alone could also have explained the decrease.) 

Changes in Commuter Rail Ridership Before and After 2000 Fare Increase 

Information Sources 

On the commuter rail system, all non-pass fares are collected in the form of 
tickets rather than direct farebox deposits of cash or tokens. Monthly ticket sales 
reports for 2000 and 2001 were prepared by Amtrak, showing the number of 
tickets sold by ticket form and zone. Most ticket forms are valid for a specific 
number of trips, so ticket sales totals can be converted directly into ride sales 
total. On-board ticket sales are the main exception, as these can be for 
individuals or for two to five passengers making one-way or round trips. 
However, factors calculated for the 2002 fare-mix study can be used to convert 
on-board ticket sales to ride sales. Family Fare tickets are also valid for varying 
numbers of rides. They are always sold for round trips, but may be for two to 
five passengers, resulting in four to ten rides per ticket. Family fares account for 
a small percentage of total ticket sales, so they have little impact on overall 
conclusions. 

Changes In ~ i c k e t  Sales 

During the first eight months of 2001, commuter rail ride sales by all ticket 
forms combined were 3.3% lower than in the corresponding time period in 2000, 
but pass sales increased by 3.5%. With typical pass use rates, this would have 
resulted in an overall ridership gain of about 1.2%. Most individual fare zones 
also showed net increases, but a few showed small decreases. Overall revenue 
from ticket sales increased by 20.5%, and that from pass sales by 33.3%. 

Single-Ride Full-Fare Tickets 

Overall off-train sales of rides via single-ride full-fare tickets were unchanged 
from 2000 to 2001, but sales in individual zones did change. The increases in 
ticket price varied by zone, ranging from 16.7% to 25.0%. Overall revenue from 
sales of these tickets increased by' 22.9%. 

Zone 9 had by far the largest gain in single-ride ticket sales at 35.770, mostly 
as a result of expanded off-peak service to both Worcester and Providence. 
Zone 5 showed the largest decrease, at 19.1%. This was partly a result of 
unusually large ticket sales reported by North Side agents in this zone in the 
early part of 2000, which may actually have been a correction for prior 
incomplete reports. 

The only other zone to show a gain of more than 10% in single-ride full-fare 
tickets was Zone lB, at 12.0%, but in absolute terms this was only about five 



riders a day. (The stations in this zone are Chelsea, Malden, West Medford, and 
Porter Square, all of which also have alternate transit service to downtown 
Boston, from which there may have been some diversions.) 

The only other zone to show a loss of more than 10% in single-ride full-fare 
tickets was Zone 1, at 11 .l%. This zone also lost riders in most other fare 
categories. All of the single-ride losses were on North Side lines. The stations in 
this zone are those in Melrose, Winchester, and Belmont. All three towns are 
also served by feeder buses to rapid transit stations, and some of the bus routes 
run directly past the rapid transit stations. Under the old fare structure, the one- 
way fare to North Station from Zone 1 was $2.00 and the combined bus and 
rapid transit fare was $1.45. Under the new fare structure, the commuter rail 
fare was raised to $2.50 and the combined bus and rapid transit fare to $1.75. 
Full-fare passengers shifting from commuter rail to bus and rapid transit would 
therefore have reduced their transit costs compared with what they had paid 
before the fare increase. 

Single-Ride Half-Fare Tickets 

Overall off-train sales of rides via half-fare single-ride tickets decreased by 
7.2% in the first eight months of 2001 compared with the same span in 2000. 
These tickets account for only about 1.2% of all commuter rail trips, so the 
absolute loss was about eighty riders per day. Revenue from sales of half-fare 
tickets increased by 14.4%. 

Half-fare tickets are used by children, students, senior citizens, and 
passengers with disabilities, but ticket sales figures do not distinguish between 
these groups. Sales of these tickets decreased in almost all zones, but increased 
in Zones 6,8, and 9. The Zone 6 gains were all on the South Side, but amounted 
to only about seven riders a day. Stations in that zone during the months used 
in the before-and-after comparisons included Franklin, Forge Park, Mansfield, 
Bridgewater, and Hanson. (The Ashland and Southborough stations are now 
also in Zone 6, but they did not open until the summer of 2002.) The Zone 8 
gains were on the North Side, where the possible stations were Newburyport, 
Rockport, Shirley, and Ayer, but the absolute increase was only about 10 riders a 
day. Most of the Zone 9 gains (about seven riders a day) were attributable to 
expanded-off-peak Worcester and Providence service. 

Ten-Ride Half-Fare Tickets 

Reduced sales of rides on half-fare single-ride tickets were largely offset by 
increased sales of half-fare 10-ride tickets, which grew by 5.6% overall. Some of 
this represented shifts of the same passengers from use of single-rides to use of 
lo-rides, but almost half the gains were in Zones 6,8, and 9, which also had 
growth in half-fare single-rides. There is no cost advantage to 10-ride tickets 
compared with half-fare single-rides, but the 10-rides require fewer sales 
transactions. The number of rides via 10-ride tickets increased by about 57 per 
day. Revenue from sales of these tickets increased by 28.9%. 



Twelve-Ride Tickets 

Overall sales of rides on 12-ride tickets decreased by 7.2% in the first eight 
months of 2001 compared with the same span in 2000. The increases in ticket 
price varied by zone, ranging from 28.3% to 37.5%. Under the old fare structure, 
the price of each 12-ride ticket was the same as that of ten single-ride tickets for 
the same zone. Under the new fare structure, the price of each 12-ride ticket was 
the same as that of eleven single-ride tickets for the same zone. As a result, 12- 
ride ticket prices had greater percentage increases than those of any other ticket 
or pass alternatives for the same trips. Overall revenue from sales of 12-ride 
tickets increased by 23.7%. 

Twelve-ride tickets are one of the most commonly used ticket forms on the 
commuter rail system, so the drop in sales was equal to a decrease of about 1,140 
riders a day using these tickets. Every zone except lA, lB, and 9 had reductions 
in trips by this fare method. In most fare zones, the cost of a 12-ride ticket was 
increased by a greater percentage than the cost of a monthly pass in 2000. For 
some passengers who formerly used 12-ride tickets, the difference was enough 
to make a ass more cost-effective. The overall increase in trips using passes 
exceeded t g e overall drop in trips using 12-ride tickets, but this was not the case 
in every fare zone. In Zones 1 and 2, pass rides and 12-ride ticket rides both 
decreased. Most of the cities and towns in both of these zones are also served by 
MBTA bus routes, either to rapid transit stations or through to Boston. Some 
riders probably switched to those services after the fare increase to save money. 
In many cases they would have ended up paying less than they did at the old 
commuter rail rates. 

In Zone 5, trips with 12-ride tickets and with passes also both decreased, as 
did single-ride trips. The reductions in 12-ride tickets were about equally divided 
between North Side and South Side lines, but it is unclear why losses in this zone 
were particularly great. Zone 5 stations are located in Beverly, Andover, 
Billerica, and Concord on the North Side, and in Framingham, Norfolk, 
Brockton, and Whitman on the South Side. Most of these cities and towns have 
no direct alternate transit connections to Boston, but some passengers may have 
shifted to stations in other zones. (Twelve-ride ticket sales in Zone 5 did not 
show the unusually large totals in the early part of 2000 that single-ride sales 
did.) Zone 6 had decreases in both 12-ride and pass trips, but the pass decrease 
was very small. 

Zone 9 was the only zone to register ridership increases in every fare 
category between 2000 and 2001. As noted previously, this was attributable to 
expanded off-peak service to Worcester and Providence. The only North Side 
stations in Zone 9 are North Leorninster and Fitchburg. Sales of 12-ride tickets 
for Zone 9 on the North Side decreased by 22.2%. Most pass sales figures are not 
distinguishable between North Side and South Side lines, but sales of Zone 9 
passes at North Station and at Fitchburg changed very little between 2000 and 
2001. Sales of Zone 9 single-ride full-fare tickets on the North Side increased by 



2.076, but this was sufficient to replace only one of every seven of the lost 12-ride 
ticket trips. 

Familv Fare Tickets 

Off-train sales of Family Fare tickets decreased by 16.7% overall in the first 
eight months of 2001 compared with 2000. These tickets are priced the same as 
two full-fare round trips for the same zone, so the range of price increases was 
the same as that for full-fare single-ride tickets. Family Fare tickets were the 
only ticket form to show a net decrease in off-train sales revenue between 2001 
and 2002, declining by 1.1% overall. However, an examination of on-board 
ticket sales receipts from July 2002 showed that the majority of Family Fare 
tickets were sold on board trains, and information on revenue from such sales 
before the fare increase is not available. 

Most Family Fare tickets are used for non-repetitive recreational trips, so 
ridership using them is more variable than that in other fare categories. The 
decrease in off-train sales was e uivalent to an average of five fewer families 
making trips on such tickets eacl day in 2001. Almost every zone had fewer 
Family Fare trips, except that Zone 3 ridership was unchan ed, and Zone 2 
showed a large increase. The latter was entirely a result of a eavier North Side 
sales during July and August. In the summer, there are more opportunities than 
during other months for families to make recreational trips. The increase in off- 
train sales in Zone 2 may have been partly a result of the opening of the 
Anderson/ Wobum Station in Zone 2 in April 2001. Tickets are available at that 
station, but at Mishawum Station, which it replaced, tickets could only be 
purchased on trains. 

On-Board Ticket Sales 

The standard Revenue Ridership reports show total monthly sales of tickets 
on board trains, but do not include any breakdowns by zone or by ticket form. 
On-board options include one-way and round-trip full and half fares and round- 
trip Family Fares. Tickets for any of these categories can cover as many as five 
passengers, so one round trip ticket can be for as many as 10 rides. The price of 
each on-board fare option relative to a single-ride full-fare ticket for the same 
distance remained constant before and after the fare increase, so the range of 
fare increases for all on-board options was the same as that for single-ride full- 
fares (16.7% to 25.0%.) 

Total on-board ticket sales in the first eight months of 2001 decreased by 0.8% 
compared with the same span in 2000. Overall revenue from sales of these 
tickets increased by 17.0%. Since this is close to the low end of the price increase 
range, it suggests that there was also some shift toward inner (lower-priced) fare 
zones in the use of on-board fares. Reported revenue from on-board sales 
includes surcharges of $2.00 per ticket in peak hours and $1.00 per ticket in off- 
peak hours that are supposed to be collected if tickets were also available at or 
near the boarding station. The surcharge rates were not raised in 2000, and there 



is no information as to whether the enforcement rate changed after the fare 
increase. 

The Revenue Ridership reports treat each on-board ticket sale as one ride 
sale, but based on the sample of on-board ticket receipts from July 2002 
examined for the 2002 fare-mix study, each on-board ticket sale represents an 
average of about 1.5 ride sales. (This was slightly higher than the average found 
in a similar sample in 1994.) Using this factor, about 40% of commuter rail rides 
sold in 2002 excluding those on passes were sold on-board trains. If the average 
number of rides per ticket in the months used for the before-and-after fare 
increase comparisons were all about the same as in the 2002 sample, the 
reduction in sales would represent a loss of about 100 riders per weekday. 

Changes in Pass Sales 

Passengers obtaining passes for commuter rail Zones 3 through 9 can be 
presumed to do so primarily for travel between those zones and stations in 
downtown Boston. These passes are also valid on all other MBTA services 
(except South Shore Commuter Boats) but there are less costly fare options 
available to passengers using those services if they do not also use commuter 
rail. Zone 1 and 2 passes are also required on some MBTA ex ress or long K zoned-fare bus routes. As discussed under the core system, t ese passes can be 
allocated between commuter rail and other services using information from the 
1999 Pass User Survey. There are no passes specifically for commuter rail Zones 
1A and 1B. The minimum valid pass level in these zones is the Subway pass, but 
higher level passes are also valid. The number of riders potentially obtaining 
core system passes primarily for use on commuter rail is small compared with 
total sales of such passes. Therefore, the analysis of changes in commuter rail 
pass sales before and after the 2000 fare increase was based only on Zone 1 
through 9 passes. 

Sales of commuter rail passes (including allocated shares of Zone 1 and 2 
passes) increased by 3.5% overall in the first eight months of 2001 compared with 
the same span in 2000. The increases in pass price varied by zone, ranging from 
24.2% to 32.8% for through-fare passes, and from 16.7% to 32.3% for Interzone 
passes. Overall revenue from sales of commuter rail passes increased by 33.3%. 

There were gains in pass sales in each zone except 1,2, and 6, which had small 
losses. The largest gain was that of Zone 8, at 28.0%. This was partly a result of 
shifts from use of various ticket forms, but was largely a reflection of ridership 
buildup at the Grafton Station in Zone 8, which opened at the end of February 
2000. Some of the riders at that station had previously used stations in other 
zones, so they were not new additions to the system. 

Interzone pass sales are recorded by the number of zones of travel for which 
they are valid rather than by specific inner and outer zones. Overall sales of 
Interzone passes increased by 20.8% in the first eight months of 2001 compared 
with the same span in 2000. Interzone passes account for less than 0.5% of all 



commuter rail pass sales, however, so the absolute gain averaged only 33 passes 
a month. 

Excluding Interzone passes, the second-largest increase in commuter rail pass 
sales was in Zone 9, at 10.2%. Gains in all other zones were below 6.0%. All 
ticket forms in Zone 9 also had increased sales. These gains were mostly 
attributable to expanded off-peak service to Providence and to Worcester, the, 
only Zone 9 stations on the South Side system. On the North Side, where the 
only Zone 9 stations are Fitchburg and Leominster, rides for this zone sold by all 
off-train ticket forms combined fell by 6.9%, with 12-ride ticket sales alone down 
by 22.2%. 

The largest decrease in commuter rail pass sales was in Zone 2, at 0.8%, 
followed by Zone 1, at 0.5%. As discussed above, many of the former riders in 
these zones would have had the option of switching to MBTA bus service to 
rapid transit stations after the fare increase. In some cases, the new combined 
bus and rapid transit fare was lower than even the old commuter rail fare. Zone 
6 also had a small loss in pass sales (0.1%). 

TABLE 7 
Commuter Rail Pass Revenue and Sales Before and After Fare Increase 

Total Pass Sales Revenue Average Pass Sales per Month 
Jan.- Jan.- Jan.- Jan.- 

Pass Form Aug. 00 Aug. 01 % Chg. A U ~ .  00 A U ~ .  01 % Chg. 
Zone 1 
(CRR share) 
Zone 2 
(CRR share) 
Zone 3 
Zone 4 
Zone 5 
Zone 6. 
Zone 7 
Zone 8 
Zone 9 
Interzone 
(all zones) 

Total $28,747,438 $38,328,281 +33.3% 37,949 39,292 +3.5% 

AIR QUALITY IMPACTS 

The air quality impacts of alternative transportation scenarios can be 
analyzed using standard traffic forecasting models, including the one maintained 
by the Boston MPO. These models can estimate future traffic volumes, average 
highway speeds, vehicle miles, and vehicle hours traveled within the 
transportation network at a highly disaggregate level. Since the amount of air 
pollution emitted by highway traffic depends on the prevailing highway speeds 



and vehicle miles traveled, it is possible to estimate these air quality impacts with 
reasonable accuracy. 

Air pollutants produced by highway traffic generally fall into two groups: 
gaseous and particulate pollutants. Examples of gaseous pollutants include 
Carbon Monoxide (CO), unburned Hydrocarbons (HC), Nitrogen Oxides (NOx), 
Sulfur Oxides (SOX) and Photochemical Oxidants. Particulate pollutants include 
carbon particles and lead compounds. The U.S. Environmental Protection 
Agency (EPA) is primarily interested in the gaseous pollutants produced by the 
transportation sector. More particularly, the EPA requires that planning agencies 
report the amount of CO, NOx and VOC (volatile or anic compounds) produced K by the transportation system in such documents as t e Transportation 
Improvement Plan and the Regional Transportation Plan. 

CTPS employs EPA MOBILE 5H emission factors for calculating the 
pollutants. For each link within the highway network, the model applies the 
MOBILE 5H emission factors corresponding to the link's average speed and 
estimates the pollutants based on the vehicle miles traveled on that link. The 
amount of total pollutants for the entire region is obtained by summing all the 
pollutants associated with each link in the system. 

Results of Model Application 

With respect to the proposed fare increase, the air uality impacts are X primarily those associated with existing transit users c oosing instead to drive to 
their destinations. These additional automobile trips generate pollutants that can 
be measured in kilograms of Carbon Monoxide, Nitrogen Oxides, and volatile 
organic compounds, as discussed in the previous paragraph. It should be noted 
as well, that as the number of automobile trips increase, so does congestion on 
area roadways. This additional congestion results in lower travel speeds for all 
automobiles - not just those of former transit users. 

After the ridership impacts of the fare increase were calculated as described in 
the first section of this memo, the Boston regional travel demand model was 
used to estimate the change in regional automobile vehicle miles and vehicle 
hours traveled. Specifically, the model identifies the length of each automobile 
trip made by former transit users, and also estimates the travel times for all 
automobile trips. These data were-applied to emissions factors associated with 
each of the three pollutants identified above, as provided by the EPA. As shown 
in Table 8, the projected regional increases in each of these pollutants is below 
0.6%. These are well within the margin of error of the model, which means that 
we cannot be certain that there will be any change in air quality as a result of the 
fare increase. 



TABLE 8 
Projected Weekday Increases in Select Pollutants (Regionwide) 

Indicator Absolute Increase Percent Increase 

Vehicle Miles Traveled 357,150 0.289% 

Vehicle Hours Traveled 23,577 0.595% 

Carbon Monoxide 

Nitrogen Oxides 593,672 kg 0.267% 

Volatile Organic Compounds 517,846 kg 0.470% 

ENVIRONMENTAL JUSTICE IMPACTS 

To assess the impacts of the potential 2004 fare increase on minority and low- 
income communities, an environmental justice impacts analysis was undertaken. 
First, Environmental Justice target neighborhoods were identified based on a 
selection process of the Boston Metropolitan Planning Organization 
Environmental Justice Standing Committee. This process began by examining 
the income levels and percentages of minority populations in all traffic analysis 
zones (TAZs) in the region. Low income neighborhoods are defined as areas 
with income levels at or below 75% of the MPO median household income 
($41,850). Minority neighborhoods are those in which 21.4% of the population is 
non-white or Hispanic. Then, adjacent low income or minority TAZs were 
grouped into distinct neighborhoods, with special care being taken to ensure that 
all areas of low income or minority populations were identified. These 
neighborhoods, taken as a whole, define "all environmental justice areas" for the 
purposes of this memorandum. 

After specifying the basic set of environmental justice areas, communities in 
which 4.1% or more of the population five years and older were unable to speak 
English and those in which 15.4% or more of the households owned no motor 
vehicle were also identified. The Environmental. Justice Standing Committee 
then composed a list of environmental justice target neighborhoods including 
those that could be defined as both minority and low-income neighborhoods, 
and further informed by the representation of non-English speaking and transit 
dependent residents. Altogether, 17 target neighborhoods were chosen. They 
are located within the municipalities of Boston, Cambridge, Somerville, Chelsea, 
Lynn, Quincy, Revere, Salem, and Framingham. 

The analysis was conducted by comparing the average cash fare impacts on 
those living in the EJ target neighborhoods to those livin in non-EJ areas, using 
the travel demand model. The following steps illustrate t e specific calculations 
that were performed. 

a 
Assuming the existing fare structure, the average cash fare associated with 
all transit trips originating from or destined to all EJ target 
neighborhoods, on a daily basis, was calculated. The average cash fare 



was weighted by the number of trips made from the EJ target 
neighborhoods to all other zones. 
The above calculation was repeated, assuming the proposed fare increase. 
The average "before and after" cash fares for all transit trips origina'ting 
from or destined to non-EJ areas, on a daily basis, were also calculated. 
The percent increase in cash fare experienced by those in the EJ target 
neighborhoods was compared with the average percent increase for the 
non-EJ areas. 

The primary transit modes used by EJ populations are the rapid transit lines 
and the local buses. If the proposed fare increase goes into effect, the model 
indicates that some trips currently made by a combination of local bus and rapid 
transit ($0.75 bus boarding fare plus $1.00 rapid transit boarding fare) will be 
replaced by pure local bus to local bus trips ($1.00 boarding fare and a free 
transfer to another local bus). In such cases, there would actually be a decrease 
in the average fare paid. However, this decrease is offset by the increase in fare 
paid by those who do not change their primary mode of travel even after the 
proposed fare increase. The results shown in Table 8 represent a net effect of all 
transit mode shifts. 

As can be seen in Table 9, the average cash fare increase incurred by transit 
passengers overall is estimated by the model to be approximately 27.09%. For 
the non-EJ areas, the average increase in cash fare is estimated to be 26.44%, 
which is slightly lower than the regional average. For the 17 EJ target 
neighborhoods, the percent increase in average cash fare is estimated to be 
27.9%, which is slightly above the regional average. 

TABLE 9 
Environmental Justice Impacts of Change in Average Fare 

- 

Percent 
Area of Analysis Increase 
Entire region 27.09% 

Non-EJ areas 26.44% 

17 Target areas 27.90% 

All EJ areas 28.09% 

The difference between the projected cash fare impacts for non-EJ areas and 
EJ target neighborhoods is approximately 5.5%. This difference falls slightly 
outside the 5% margin.of error generally assumed for regional model ridership 
estimations.' Consequently, it is likely that the fare impacts on EJ target 
neighborhoods are slightly more onerous than those for non-EJ areas, on the 
order of 5-6%. 

While these are fare estimations, and not ridership estimations, the margin of error for fare 
estimations is not known with certainty. However, It is assumed that the two are similar in 
magnitude, because of the interdependency of such estimations. 



SERVICE REDUCTIONS IN LIEU OF A FARE INCREASE 

Earlier this year, MBTA Service Planning was asked to identify a list of service 
reductions which could be implemented in the event that the potential 2004 fare 
increase is not approved. While these reductions would not generate nearly the 
level of cost savings necessary to fully offset the loss of new revenue, they , 

represent to MBTA Operations the maximum cuts that could be tolerated 
without a substantial degradation in regional transit mobility. 

Potential service reductions were divided into the following eight categories: 

Eliminate 12 highest net-cost-per-passenger bus routes ($1.65 million annual 
savings, 767,700 riders annually) 
Reduce weekend light rail, heavy rail and bus service by 25% ($4.3 million 
annual savings, 2,907,200 riders annually) 
Reduce weekday evening light rail, heavy rail, and bus service by 25% ($1.4 
million annual savings, 912,800 riders annually) 
Reduce weekday evening, Saturday, and Sunday Commuter Rail service by 
50% ($2.6 million annual savings, 1,010,000 riders annually) 
Eliminate Night Owl Bus service ($0.9 million annual savings, 156,000 riders 
annually) 
Eliminate RIDE van service to Framingham, Natick, and Concord ($1.0 
million annual savings) 
Eliminate the Suburban Transportation Program ($0.5 million annual savings, 
400,000 riders annually) 
Eliminate the Interdistrict Bus Program ($1.5 million annual savings, 600,000 
riders annually) 

These reductions result in a total projected savings of $13.85 million, which is 
only a third of the lowest estimate of revenue that the fare increase would 
produce. Consequently, substantial cuts to other MBTA programs, including 
capital, administrative, and other ex enditures, would also be necessary. The Ki estimated loss in total annual riders p is estimated to be 6,753,700, which is over 
half of the lowest estimate of ridership loss resulting from the fare increase. The 
methods used to arrive at the category-level service reductions cost savings 
estimates are described below. 

Elimination of 12 Least Cost-Effective Bus Routes 

This category of service reductions would completely eliminate service on the 
12 least cost-effective bus routes in the system. These impacts would be most 
acute in North Shore communities, which would see the elimination of four bus 
routes. Several of these North Shore routes underwent major service changes in 
2002, and may have not et have developed the potential new ridership expected 
as a result. Also under d is scenario, Newton Centre and Newton's Oak Hill 
neighborhood would be left without bus service, and all reverse-commuting 
express buses to suburban office parks in Waltham, Burlington, and Woburn 
would be eliminated. Certain local buses in Jamaica Plain, Quincy, and Melrose, 



which primarily serve as circulator routes for senior citizens and students would 
also be eliminated. 

Table 10 details the potential savings from each of these bus routes, as well as 
the number of riders that would likely be lost. 

TABLE 10 
Twelve Highest Net Cost Per Passenger Routes 

Net Fully 
Incremental Allocated Annual Annual 

Weekday Wkdy. Cost / Ridership Net Cost 
Route Gross Cost Riders Passenger Loss Savings 
4 North Station- 

World Trade Ctr. $532 259 $5.72 64,750 $101,430 
48 Centre & Eliot 

Sts.- JP LOOP $337 136 $4.96 16,775 $80,206 
52 Dedharn Mall- 

Watertown $1,066 640 $5.42 170,204 $310,222 
130 Linwood Ave.- 

Malden $339 144 $5.40 36,000 $67,281 
170 Oak Park- 

Dudley Sta. $239 50 $11.57 12,500 $41,241 
217 Wollaston Beach- 

Ashmont $467 207 $5.33 51,750 $91,441 
325 Elm St.- 

Haymarket $925 359 $5.66 89,750 $96,766 
355 Mishawum Sta.- 

Boston $158 13 $28.98 3,250 $32,290 
435 Liberty Tree Mall- 

Lynn Central Sq. $1,367 468 $6.22 168,106 $362,464 
439 Nahant- 

Lynn Central Sq. $402 74 $11.04 18,500 $91,598 
451 North Beverly- 

Salem Depot $729 221 $7.27 62,906 $164,883 
465/ Danvers Square- 
468 Salem Depot $824 256 $6.70 73,182 $212,180 

Total 1,496 767,713 $1,652,007 

25% Reduction in Weekend Rapid Transit and Bus Service 

The next category of service cuts proposed by the MBTA in the event that a 
fare increase is not approved is a 25% reduction in weekend rapid transit and bus 
service. This would result in a 33% increase in average waiting time for the Red, 
Green, Orange, and Blue Lines on Saturdays and Sundays. For example, on the 
Red Line Braintree Branch on Sundays, current service frequency of every 14 
minutes would be stretched to nearly 19 minutes, for an increase in average 
waiting time of 33%. Waiting times for bus service would vary greatly by route, 



however many routes would have service frequencies worse than one bus per 
hour if weekend service is reduced 25% across the board. 

In order to calculate projected cost savings resulting from these service 
reductions, incremental unit operating costs supplied by MBTA Service Plannind 
were used. In particular, $1.20 per vehicle revenue mile and $30.37 per revenue 
vehicle hour were applied to the 25% reductions for weekend light rail, heavy 
rail, and bus service. The resulting annual savings, after accounting for lost fare 
revenue, is $4.3 million using this method. Total evening rapid transit and bus 
ridership loss resulting from the lengthened headways is estimated at 55,908 per 
weekend (2,907,216 annually), based on elasticity figures generated by the 
Boston MPO regional travel demand model. 

25% Reduction in Rapid Transit and Bus Service After 9:00 PM 

Similar to the reductions proposed for weekend service, the MBTA has also 
proposed reducing service by 25% on weekdays after 9:00 PM. Again, this 
would result in an increase of 33% in the amount of time between scheduled trips 
on the Red, Orange, Blue, and Green Lines. For example, on the Orange Line 
during late weekday evening hours, current service frequency of every 15 
minutes would be stretched to 20 minutes, for an increase in average waiting 
time of 33%. 

In order to calculate projected cost savings resulting from these service 
reductions, the same incremental unit operating costs supplied by MBTA Service 
Planning weekend service cuts were used. The resulting annual savings, after 
accounting for lost fare revenue, is $1.4 million using this method. Total evening 
rapid transit and bus ridership loss resulting from the lengthened headways is 
estimated at 3,651 per evening (912,750 a n n u ~ y ) ,  based on elasticity figures 
generated by the Boston MPO regional travel demand model. 

Elimination of Night-Owl Bus Service 

All Night Owl bus service would be completely eliminated. This service began 
operation in Fall 2001 and primarily serves riders returning home from 
entertainment venues in Boston on Friday and Saturday nights, but also serves 
employees of these and other businesses who leave work after the end of 
regular MBTA service at 12:45 AM. Current ridership on Night Owl routes is 
approximately 1,500 per night (156,000 annually). Total annual savings is 
estimated at $900,000. 

Elimination of Interdistrict Bus Program 

The Interdistrict Bus Program, which primarily provides funding for private 
bus carriers operating regional commuter service to Boston from outlaying 
communities such as Newburyport, Marlborough, Southborough, Framingham, 
Middleborough, Taunton, and Plymouth, would be completely eliminated. This 
program also provides funding to some local bus service in Metrowest 



communities. Total annual ridership is 600,000. Total annual savings would be 
$1.5 million. 

Elimination of Suburban Transportation Program 

The Suburban Transportation Program, which provides partial funding for 
local munici al bus services in Beverly, Bedford, Burlington, Framingham, R Natick, Ded am, Needham, as well as Mission Hill Link bus, would be 
discontinued. Participatin communities would be obligated to provide W additional funding from ot er sources or discontinue these local circulator and 
commuter rail feeder bus services. Total annual ridership on these bus routes is 
400,000. The total annual savings resulting from elimination of the Suburban 
Transportation Program would be $500,000. 

Elimination of THE RIDE service to Natick, Framingham, and Concord 

M E  RIDE service in Natick, Framingham, and Concord would be eliminated. 
Since there is no MBTA directly-operated local transit service provided in these 
communities, the MBTA is not legally obligated to operate THE RIDE service 
there. Annual cost savings resulting from this measure would be $1 million. 

50% Reduction in Commuter Rail Service on Weekends and Weekdays After 
9:00 PM 

In conjunction with the proposed bus and rapid transit service cuts described 
above, the MBTA has proposed even more substantial cuts in commuter rail 
service, should the 2004 fare increase not be approved. In particular, half of all 
commuter rail trips on weekdays after 9:00 PM and all day on weekends would 
be eliminated. On most lines,&s-would result in only one outbound tri 
operating from Boston after 9:00 PM on weekdays, and the typical two-{our 
frequency for weekend service would be stretched to four hours. At the 
extreme, stations along the Fitchburg Line beyond South Acton Station, and the 
entire HaverhillIReading Line would be left with only 2-3 trips on Saturdays and 
Sundays. 

Cost savings projections were made by first noting that approximately 2,574 
trips per week are operated on MBTA Commuter Rail lines, including 452 trips 
each weekday, 172 Saturday trips, and 142 Sunday trips. In Fiscal Year 2003, the 
net variable cost of operating commuter rail service was estimated to be $26.0 
rnilli~n.~ Reducing weekday evening service after 9:00 PM, Saturday service, and 
Sunday service by 50% would eliminate 258 trips per week or close to 10% of the 
2,574 total trips operated. A 10% savings of the total FY 2003 net variable cost 
would be approximately $2.6 million per year. This assumes that all fare revenue 
from the discontinued trains would be lost, although in fact some portion of 
those passengers impacted would likely continue to ride the late-evening and 
weekend trains that would remain. 

Since commuter rail service is operated by a private contractor, any cost savings resulting 
from service reductions would be subject to the outcome of contract renegotiations. 
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