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TECHNICAL MEMORANDUM

DATE: March 3, 2016

TO: Boston Region Metropolitan Planning Organization

FROM: Nicholas Hart, Principal Transportation Planner

RE: Title VI Service Equity Analysis: Methodology Development
1 INTRODUCTION

The Federal Transit Administration (FTA) Circular 4702.1B provides guidelines
and requirements for implementing US Department of Transportation regulations
pertaining to Title VI of the Civil Rights Act of 1964 (49 CFR 21). The Circular
requires large transit providers (those that operate 50 or more fixed-route
vehicles in peak service and that are located in an urbanized area with a
population of 200,000 or more) to conduct a service equity analysis to evaluate,
prior to implementing any major service change, whether the planned change
would have a discriminatory impact based on race, color, or national origin.
Although low-income populations are not a protected class under Title VI, the
FTA also requires transit providers to evaluate whether low-income populations
would bear a disproportionate burden of the changes, in recognition of the
inherent overlap between Title VI and environmental justice principles.

The FTA guidelines for conducting the analysis recommend that transit providers
measure potential disparate impacts and disproportionate burdens by comparing
the proportion of persons in the protected class who are adversely affected by
the service change with the proportion of persons not in the protected class who
are adversely affected by the service change, using either ridership or population
data. While an analysis based on ridership data has the potential to provide the
most meaningful impact analysis for changes to existing services, it is costly and
difficult to obtain statistically reliable results from passenger surveys, and such
surveys do not account for potential riders who could be affected by new,
extended, or rerouted services. Alternatively, an analysis based on the FTA
guidelines for using population is limited to a cursory look at the population of the
area surrounding the location of the service change, and does not account for
riders who may transfer to the area of the service change from other parts of the
network, or for the existence of other transit options.

This memorandum investigates the shortcomings and inconsistencies in the FTA
guidelines for conducting Title VI service equity analyses and develops an
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improved method by accounting for: (1) riders who may be indirectly affected by
the service change, not just those who currently use the service or who reside
near the service; (2) the varying magnitude of adverse effects attributable to
different types of service changes; and (3) the availability of alternative transit
options that might reduce the potential adverse effects of a service change. To
compare the results obtained using the developed methodology with the FTA-
recommended methodology, MPO staff analyzed a hypothetical major service
change, in which service on MBTA bus Routes 1 and CT1 would be eliminated.

The remainder of this memorandum contains the following sections:

e Section 2 — FTA Guidelines for Title VI Service Equity Analyses

e Section 3 — Methodology Development

e Section 4 - Application Example: Removal of MBTA Routes 1 and CT1
e Section 5 - Conclusion

FTA GUIDELINES FOR TITLE VI SERVICE EQUITY ANALYSES

The FTA requires service equity analyses to be performed for a proposed service
change that meets or exceeds the criterion outlined in the transit provider’'s major
service change policy. A transit provider's major service change criterion is
typically presented as a numerical standard, reflective of a threshold that is most
likely to yield a meaningful result in light of the transit provider’'s system
characteristics. As an example, the MBTA defines major service changes at the
individual route level as ones that would have a significant effect on riders,
resource requirements, route structure, or service delivery. This includes:

e Major service restructuring

e Implementation of new routes or services

e Elimination of a route or service

e Elimination of part of a route

e Span of service changes greater than one hour
e Route extensions of greater than one mile

The MBTA defines major service changes systemwide in the "Public Process for
Changing MBTA Fares, and/or Fare Structure or Major Service Reductions”
policy, last updated in 2009, as "a systemwide reduction of 10% or more, as
measured by typical daily usage."

FTA guidelines require that transit providers define and analyze the adverse
effects related to the major changes in service that would be deemed significant,
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measured by the change between existing and proposed service levels, while
acknowledging the fact that certain types of changes would have greater adverse
impacts than others. No guidance is given on how to quantify the degrees of
impacts that vary with the type of service change. Transit providers are required
to develop a policy for measuring disparate impacts that establishes a threshold
for determining when adverse effects of service changes are borne
disproportionately by minority populations that are affected, or that could possibly
be affected, by the service change. The MBTA uses the following thresholds for
assessing disparate burdens or benefits and disproportionate burdens or benefits
of major service changes:

e A disparate burden would be found if the minority customers (population)
sustain more than 20 percent additional burden than the total burden that
the nonminority customers (population) sustain.

e A disparate benefit would be found if the minority customers (population)
receive less than 80 percent of the benefits that the nonminority
customers (population) receive.

e A disproportionate burden would be found if the low-income customers
(population) sustain more than 20 percent additional burden than the total
burden that the non-low-income customers (population) sustain.

e A disproportionate benefit would be found if the low-income customers
(population) receive less than 80 percent of the benefits that the non-low-
income customers (population) receive.

For a transit agency’s assessment of the impacts of a proposed service change
against the thresholds set forth in that transit provider’s disparate impact policy,
the FTA provides the option of conducting the analysis using ridership data or
service area population data. For assessing the impacts of making headway
changes, eliminating a route, or increasing service to an area currently served by
the transit system, the FTA suggests that the appropriate comparison population
would likely be ridership, and the transit provider should compare the
demographic characteristics of the ridership of the affected route(s) with the
demographic characteristics of the ridership of the system. For assessing the
impacts of a proposed new service to a neighborhood or corridor not served by
the transit system, the FTA suggests that the appropriate comparison population
would likely be the population of the service area, and the transit provider should
compare the demographic characteristics of the population of census blocks or
block groups served by the proposed route(s) with the demographic
characteristics of the population in the service area.
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2.1

Analysis Using Ridership Data

An analysis using ridership data has the benefit of assessing impacts on people
who are directly affected by the proposed service change (transit riders).
However, this approach is inconsistent with the FTA'’s requirement to also
account for people who could possibly be affected by the service change
(potential riders), as the demographic makeup of potential riders is not always
the same as the demographic makeup of surveyed riders.

In addition, it is extremely costly and difficult to obtain comprehensive and
statistically significant ridership data at the route level. Figure 1 shows that for the
MBTA 2008-09 Systemwide Passenger Survey, none of the 158 bus routes
surveyed had enough survey responses to obtain 95 percent confidence at a 5
percent confidence interval (assuming that all of the questions had been
answered on each returned survey). Figure 2 shows that only 57 routes had
enough responses when the confidence interval was increased to 10 percent.

FIGURE 1
Percentage of Required Responses Obtained from the MBTA 2008—-09
Systemwide Passenger Survey for a 95 Percent Confidence Level at a
5 Percent Confidence Interval for the MBTA Bus Network
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Source: MBTA 2008-09 Systemwide Passenger Survey.
Note: The number of required responses assumed returned surveys would be 100 percent complete.
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FIGURE 2
Percentage of Required Responses Obtained from the MBTA 2008-09
Systemwide Passenger Survey for a 95 Percent Confidence Level at a
10 Percent Confidence Interval for the MBTA Bus Network

60

50

40

30

20

16
12
10 10 12 11 9
. il H B H B B B NN
& > P B 2 & & 2 S e S
(¢) (e] (o] (o] (¢] (o] (o] (o]

N S S S\ S\ S S S S AL\ S IS
Sos s s s s S s s

Number of MBTA Bus Routes

Percentage of Required Responses Obtained

Source: MBTA 2008-09 Systemwide Passenger Survey.
Note: The number of required responses assumed returned surveys would be 100 percent complete.

The percentages of required responses obtained shown in Figure 1 and Figure 2
were calculated with the assumption that returned surveys were 100 percent
complete. However, as presented in Table 1, the non-response rates for the
socioeconomic and demographic questions in the 2008—-09 survey ranged from
5.0 percent to 14.3 percent. Non-responses to these questions, which are
required for Title VI analysis, further increase the number of survey returns
needed and, therefore, the total cost of the overall survey effort.
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2.2

TABLE 1

March 3, 2016

Non-Response Rates to Socioeconomic and Demographic Questions in the

MBTA 2008-09 Systemwide Passenger Survey

Income - Race -  Hispanic - Income - Race -  Hispanic -

Total Total Total Percentage Percentage Percentage

Total Non- Non- Non- Non- Non- Non-

Mode Response Response Response Response  Response  Response  Response
Rapid Transit 22,767 2,413 1,143 1,316 10.6% 5.0% 5.8%
Bus 12,313 1,764 838 1,016 14.3% 6.8% 8.3%

Source: MBTA 2008-09 Systemwide Passenger Survey.

Analysis Using Population Data

When quality ridership information is not available or when the impact on
potential riders will be considered, the equity analysis can be conducted using
population data. For analysis that relies on population data, the FTA advises that
the choice of a dataset should be the smallest geographic area with reasonable
access to the bus stop or rail station. The FTA guidelines state that riders are
generally willing to walk up to one-quarter mile to a bus stop and one-half mile to
a light or heavy rail station, so the demographics of the neighborhoods within
those distances should be the datasets used for the analysis.

However, an analysis based on neighborhood demographics within the
prescribed radius of a stop or station does not account for riders who may
transfer to the service from other parts of the network. For MBTA bus riders
systemwide, only about 47 percent complete their trip exclusively on one route,
while the remaining 53 percent transfer to or from another bus or rapid transit
route to complete their trip. As shown in Table 2 and Table 3, a Title VI service
equity analysis that is restricted to the population residing near a bus route might
not be inclusive of the 53 percent of systemwide bus riders or the 41 percent of
systemwide rapid transit riders who transfer to bus and rapid transit services
outside of their residential area.
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TABLE 2

Number of Transfers Made within the MBTA Bus and

Rapid Transit Network for Linked Trips

That Include a Bus Trip

Number of Transfers Total Percent
0 90,280 47.36%
1 76,863 40.32%
2 20,201 10.60%
3 2,898 1.52%
4 365 0.19%
5 35 0.02%

Source: MBTA 2008-09 Systemwide Passenger Survey.

March 3, 2016

Note: The number of transfers includes those from bus to bus, bus to rapid transit, and

rapid transit to bus.

TABLE 3

Number of Transfers Made within the MBTA Bus
and Rapid Transit Network for Linked Trips

That Include a Rapid Transit Trip

Number of Transfers Total Percent
0 150,246 58.79%
1 85,093 33.29%
2 18,612 7.28%
3 1,564 0.61%
4 63 0.02%

Source: MBTA 2008-09 Systemwide Passenger Survey.

Note: The number of transfers includes those from rapid transit to rapid transit, rapid

transit to bus, and bus to rapid transit.

3 METHODOLOGY DEVELOPMENT

MPO staff sought to develop a method for quantifying the adverse effects of a
service change that would: (1) utilize population data representing all of the riders
affected by the service change (those who have direct access as well as riders
who transfer to the service being changed), (2) objectively and consistently
guantify the varying degrees of adverse effects of different types of service
changes, and (3) account for the availability of alternative transit options that
might reduce the potential adverse effects of the service change.
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3.1

Development of a Modified Transit Opportunity Index (MTOI)

MPO staff developed a methodology for quantifying adverse effects by modifying
the Transit Opportunity Index (TOI) created by Mamun et al.> TOl is a measure of
transit supply provided to a geographic area within a transit network. It accounts
for three categories of transit opportunity: access opportunity, trip opportunity,
and temporal comparability.

The original development of the Transit Opportunity Index by Mamun et al. was
motivated by the desire to develop a metric that could compare the distribution
and level of transit supply offered by different transit agencies, domestic and
foreign. Therefore, the original method for calculating the TOI was designed to
use data that are widely available from most transit agencies. MPO staff
developed a modified version of the TOI (called MTOI) that capitalizes on
additional information available to the MBTA and Boston Region MPO, such as
passenger counts and vehicle loads collected by automatic passenger counters
(APCs), running times collected by onboard GPS systems, and GIS shapefiles of
the region’s pedestrian network. The procedure for calculating the MTOl is
depicted in Figure 3.

! S.A. Mamun, N.E. Lownes, J.P. Osleeb, and K. Bertolaccini, “A Method to Define Public Transit
Opportunity Space,” Journal of Transport Geography, Vol. 28, 2013, pp. 144-154.
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FIGURE 3

March 3, 2016

The Modified Transit Opportunity Index
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Access Opportunity

The access opportunity component of the MTOI is defined as the percentage of
miles of the pedestrian network within the geographic boundary of the origin of
an origin-destination pair that has access to a transit stop or station, for a specific
transit line. This is calculated as the number of miles along the pedestrian
network within the geographic boundary of the origin of an origin-destination pair
that is within reach of a transit stop or station (0.25 mile for bus service, 0.50 mile
for rapid transit service) divided by the total number of pedestrian network miles
within the geographic boundary of the origin of an origin-destination pair.

Wa, il
Ws,i

R, =

R;; = Access opportunity rating of origin i for transit line [

W, i = Number of miles of pedestrian network in origin i within a quarter mile of a
bus stop, or half mile of a rapid transit station, for transit line [

Ws; = Total number of miles of pedestrian network in origin i

Data needed to calculate the access opportunity component of the MTOI include
stop location shapefiles, census tract shapefiles, and roadway and pedestrian
network shapefiles.

Trip Opportunity

The trip opportunity component of the MTOI is defined as the number of trip
opportunities available at the origin of an origin-destination pair, measured as the
number of scheduled trips between the two end points of an origin-destination
pair, minus the number of vehicles that arrive over capacity at the origin, for a
specific transit line and time period.

Sijit = Vijit — Cie
Sijie = Trip opportunity rating from origin i to destination j for transit line [ during

time period t

Vijie = Number of scheduled trips from origin i to destination j for transit line !
during time period t

Cii: = Number of trips arriving over capacity at origin i for transit line [ during
time period t
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Average vehicle loads can be calculated for each trip using APC data, and then
compared to the transit agency’s vehicle load standard to determine the average
number of vehicles that arrive over capacity at each origin.

Data needed to calculate the trip opportunity component of the MTOI include
automated passenger counter data, transit vehicle capacity, and transit route
schedules.

Temporal Comparability

The temporal comparability component of the MTOI starts with an assessment of
the total travel time between the end points of an origin-destination pair, for a
specific transit line and time period. Total travel time comprises four components:
access time, wait time, in-vehicle travel time, and egress time.

Tijlt :Ta+Tw+Tv+Te

T;jic = Total travel time from origin i to destination j for transit line [ during time
period t

T, = Access time to a stop or station
T, = Wait time at a stop or station
T, = In-vehicle travel time

T, = Egress time from a stop or station

Information on access and egress times for a specific transit line can be collected
through passenger surveys. Average wait times can be calculated as a function
of service frequency. In-vehicle travel time data can be collected with onboard
GPS units, and can be averaged for specific time periods, accounting for factors
that decrease the travel time of transit vehicles, such as longer dwell times for
rapid transit vehicles and buses when vehicles are crowded, traffic congestion
that might cause a decrease in bus speeds during peak periods, and subway
congestion that might cause a decrease in rapid transit speeds during peak
periods.

The total travel time between the end points of an origin-destination pair is input
into a connectivity decay function to estimate the relationship between travel time
and connectivity. The connectivity decay function calculates the fraction of rapid
transit and bus commuters in the region whose commutes are as long as or
longer than the total travel time being assessed. This represents a comparison of
travel time between the specified origin and destination and all transit trips in the
region. The output of this function decreases as travel time increases,
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representing a decrease in connectivity between an origin and destination as
travel time increases.

Cc
Jujue = (1 + ae™PTujr)
fijie = Connectivity decay factor from origin i to destination j for transit line [
during time period t
Tijie = Total travel time from origin i to destination j for transit line [ during
time period t

a,b,c = Parameters estimated using regional transit commute time data

The connectivity decay function is calibrated to fit the travel time profile of bus
and rapid transit commuters in the transit agency’s region. Figure 4 shows the
connectivity decay function fit to bus and rapid transit commute time data for the
Boston metropolitan area.

FIGURE 4
Bus and Rapid Transit Commute Times in the Boston Metropolitan Area
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Source: U.S. Census Bureau: American Community Survey 2006—10 five-year estimates.

f(T) = Connectivity decay factor, expressed as the percentage (in decimal form) of bus and
rapid transit commuters in the region whose commutes are as long as or longer than the
amount of time T.

Data needed to calculate the temporal comparability component of the MTOI

include regional transit commute time data; transit vehicle run times from
onboard GPS; and average access, wait, and egress times by transit route.
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Modified Transit Opportunity Index

The three components of transit access (access opportunity, trip opportunity, and
temporal comparability) are combined to form the total MTOI score for the origin
of an origin-destination pair. Higher MTOI scores represent a higher level of
transit opportunity. For an origin that connects to a destination with a zero-
transfer trip, the MTOI is calculated by summing the factor of access opportunity,
trip opportunity, and temporal comparability ratings for each combination of
destination, transit route, and time period:

MroI = Z .letRilSijltfijlt
J

MTOI? = Modified Transit Opportunity Index of origin i, zero transfers
R, = Access opportunity rating of origin i for transit line [

Sijit = Trip opportunity rating from origin i to destination j for transit line [
during time period t

fijie = Connectivity decay factor from origin i to destination j for transit line [
during time period t

For a one-transfer trip, the number of trip opportunities for a path connecting an
origin to a destination is set to the number of trip opportunities between the origin
and the transfer location, or between the transfer location and the destination,
whichever is less. The total travel time between the origin and destination is
equal to the total travel time between the origin and the transfer location plus the
total travel time between the transfer location and the destination, accounting for
the four components of travel time on each segment: access, wait, in-vehicle,
and egress time. Many practitioners and researchers include a transfer time
penalty when calculating the total travel time. A transfer penalty is represented in
the MTOI by including the average egress time of all riders (transferring or not) in
the total travel time calculation for the trip segment from the origin to the transfer
location and the average access time of all riders (transferring or not) in the
segment from the transfer location to the final destination. For an origin that
connects to a destination with a one-transfer trip, the MTOI is calculated by:
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MTOI} = Z ~ZkZthR”S£’fﬂ;f
]

Sikie

k .
S5, = min
ut Skjit

ko_
Tiit = Tikie + Tijue

MTOI}! = Modified Transit Opportunity Index of origin i, one transfer
R; = Access opportunity rating of origin i for transit line [

fije = Connectivity decay factor from origin i to destination j during time
period t with transfer at k

Sikjt = Trip opportunity rating from origin i to destination j for transit line [
during time period t with transfer at k

Sikit = Trip opportunity rating from origin i to transfer location k for transit line
[ during time period t

Skjie = Trip opportunity rating from transfer location k to destination j for
transit line [ during time period t

Ti’jt = Total travel time from origin i to destination j during time period t with
transfer at k

Tikie = Total travel time from origin i to transfer location k for transit line [
during time period t

Tjie = Total travel time from transfer location k to destination j for transit line [
during time period t

The MTOI may be calculated for trips containing any number of transfers in a
similar manner. However, the computational effort required to calculate the MTOI
for trips with two or more transfers far outweighs the marginal enhancement it
would add to the analysis. Tables 2 and 3 show that 87.7 percent of linked trips
containing a bus segment and 92.1 percent of linked trips containing a rapid
transit segment are completed with no transfer or with one transfer. Therefore,
the total MTOI score for an origin is calculated as a sum of the MTOI score for
zero-transfer trips and the MTOI score for one-transfer trips:

MTOI; = MTOI? + MTOI}

MTOI;= Total Modified Transit Opportunity Index of origin i
MTOI?= Maodified Transit Opportunity Index of origin i, zero transfers

MTOI!= Modified Transit Opportunity Index of origin i, one transfer
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Example Calculation of the MTOI for a Hypothetical Transit Service

This section demonstrates how to calculate the MTOI for a small segment along
a hypothetical single transit line with no transfer opportunities. The configuration
of the hypothetical transit service is shown in Figure 5.

FIGURE 5
Configuration of a Hypothetical Transit Service

Transit line

=== Tract boundary
Pedestrian network

=== Pedestrian network
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The example calculation of the access opportunity component of the MTOI for
the hypothetical transit service uses the parameters in Table 4. The calculation
steps are shown in Table 5.

TABLE 4
Access Opportunity Parameters
for the Hypothetical Transit Service

Parameter Tract 1 Tract 2 Tract 3
Wa,iu 4 4 2
Wi 10 8 10

W, 1 = Number of miles of pedestrian network in origin i within a quarter mile of a bus stop, or half mile of a
rapid transit station, for transit line [

W ; = Total number of miles of pedestrian network in origin i

TABLE 5
Example Calculation of Access Opportunity (R;;)
for the Hypothetical Transit Service

Parameter Tract 1 Tract 2 Tract 3
Wa il 4 4 2

Ry =— —=0.4 -=0.5 —=0.2
W, 10 8 10

W, 1 = Number of miles of pedestrian network in origin i within a quarter mile of a bus stop, or half mile of a
rapid transit station, for transit line [

W ; = Total number of miles of pedestrian network in origin i

The example calculation of the trip opportunity component of the MTOI for the
same hypothetical service uses the parameters given in Tables 6 and 7. The
calculation steps are shown in Table 8.

TABLE 6
Number of Scheduled Trips from the Origin to the Destination (V)

for the Hypothetical Transit Service

Tract 1 Tract 2 Tract 3
Census Tract (Destination) (Destination) (Destination)
Tract 1 (Origin) 10 10
Tract 2 (Origin) 6 10
Tract 3 (Origin) 6 6
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TABLE 7
Number of Trips Arriving Over Capacity at the Origin (C;;;)
for the Hypothetical Transit Service

Tract 1 Tract 2 Tract 3
Census Tract (Destination) (Destination) (Destination)
Tract 1 (Origin) 1 1
Tract 2 (Origin) 0 2
Tract 3 (Origin) 0 0
TABLE 8

Example Calculation of Trip Opportunity
between the Origin and the Destination (S;j;)

for the Hypothetical Transit Service

Tract 1 Tract 2 Tract 3
Census Tract (Destination) (Destination) (Destination)
Tract 1 (Origin) 10-1=9 10-1=9
Tract 2 (Origin) 6-0=6 10-2=8
Tract 3 (Origin) 6-0=6 6-0=6

Sijie = Vijie — Cue
Vijie = Number of scheduled trips from origin i to destination j for transit line  during time period ¢
Ci;: = Number of trips arriving over capacity at origin i for transit line [ during time period ¢t

The example calculation of the temporal comparability component of the MTOI
for the hypothetical transit service uses the parameters given in Tables 9, 10, 11,
and 12. The first step for calculating the temporal comparability component is
shown in Table 13.

TABLE 9
Access Time to Stop (T,)
for the Hypothetical Transit Service

Tract 1 Tract 2 Tract 3
Census Tract (Destination) (Destination) (Destination)
Tract 1 (Origin) 4 4
Tract 2 (Origin) 4 4
Tract 3 (Origin) 4 4
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TABLE 10
Wait Time at Stop (T,,)
for the Hypothetical Transit Service

March 3, 2016

Tract 1 Tract 2 Tract 3
Census Tract (Destination) (Destination) (Destination)
Tract 1 (Origin) 3 3
Tract 2 (Origin) 5 3
Tract 3 (Origin) 5 5
TABLE 11
In-Vehicle Travel Time (T,)
for the Hypothetical Transit Service
Tract 1 Tract 2 Tract 3
Census Tract (Destination) (Destination) (Destination)
Tract 1 (Origin) 7 15
Tract 2 (Origin) 7 8
Tract 3 (Origin) 15 8
TABLE 12
Egress Time from Stop (T,)
for the Hypothetical Transit Service
Tract 1 Tract 2 Tract 3
Census Tract (Destination) (Destination) (Destination)
Tract 1 (Origin) 6 6
Tract 2 (Origin) 6 6
Tract 3 (Origin) 6 6
TABLE 13
Example Calculation of Total Travel Time (T ;)
for the Hypothetical Transit Service
Tract 1 Tract 2 Tract 3

Census Tract

(Destination)

(Destination)

(Destination)

Tract 1 (Origin)

4+3+7+6=20

4+3+15+6=28

Tract 2 (Origin)

4+5+7+6=22

4+3+8+6=21

Tract 3 (Origin)

4+5+15+6=30

4+5+8+6=23

Tijlt =Ta+Tw+Tv+Te

T, = Access time to a stop or station
T,, = Wait time at a stop or station

T, = In-vehicle travel time

T, = Egress time from a stop or station
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The second step for calculating the temporal comparability component of the
MTOI involves using the total travel time from origin to destination from Table 13
and the connectivity decay function and its parameters estimated in Figure 4.
The final calculation for the temporal comparability component is provided in

Table 14.
TABLE 14
Example Calculation of Temporal Comparability (f;ji)
for the Hypothetical Transit Service

Tract 1 Tract 2 Tract 3
Census Tract (Destination) (Destination) (Destination)
Tract 1 (Origin) 0.905 0.818
Tract 2 (Origin) 0.888 0.897
Tract 3 (Origin) 0.788 0.878

1

fijie =

(1 + 0.016e%094Tijir)
Ty = Total travel time from origin i to destination j for transit line [ during time period t

The final MTOI score for an origin tract is calculated by summing the factor of
access opportunity, trip opportunity, and temporal comparability scores for each
origin-destination pair. The final example calculation of the MTOI for each origin
tract in the hypothetical transit service is shown in Table 15.

TABLE 15
Example Calculation of the MTOI for Each Origin Tract (MTOI?)
for the Hypothetical Transit Service

RySiiefin
Census Tract ijlzt Ut MTOI

Tract 1 (origin) (0.4)(9)(0.905) + (0.4)(9)(0.818) = 6.203 6.203
Tract 2 (origin) (0.5)(6)(0.888)+(0.5)(8)(0.897) = 7.032 7.032
Tract 3 (origin) (0.2)(6)(0.788) + (0.2)(6)(0.878) = 2.000 2.000

MTOI) = Z 'ZthRilsiﬂtfijlt
J

R;; = Access opportunity rating of origin i for transit line [
Sijie = Trip opportunity rating from origin i to destination j for transit line [ during time period t
fijie = Connectivity decay factor from origin i to destination j for transit line [ during time period t

Page 19 of 34



Title VI Service Equity Analysis: Methodology Development March 3, 2016

3.2

3.3

Using the MTOI to Quantify the Adverse Effects of a Service
Change

Since a reduction in transit service to a geographic area causes a decrease in
the MTOI score for an area and an increase in service increases the score, the
adverse effects of a service change may be defined as the percentage decrease
from the MTOI of existing service to the MTOI of a proposed service
configuration. Defining adverse effects as the percentage decrease from the
MTOI of the existing service configuration to the MTOI of the proposed service
configuration means that the level of service of alternative transit options serving
the geographic area is included in the assessment. This reflects the reality that
reducing service on a transit line that is the only transit service in an area would
likely have a greater adverse effect than reducing service on a transit line serving
an area that is rich in alternative transit options. The ability to incorporate this
element is especially important in the assessment of span-of-service reductions
since the availability of alternative transit options often varies by time of day.

Another benefit of the MTOI approach to quantifying adverse effects is that the
magnitude of adverse effects on a geographic area associated with a service
change is proportional to the magnitude of the reduction of service to that area,
for each category of transit opportunity (access opportunity, trip opportunity, and
temporal comparability). For example, if the overall number of trip opportunities
on a service for a specific geographic area is decreased by 10 percent, the MTOI
score for that area and service would also decrease by 10 percent (if wait times
are held constant). If the removal of a stop or station would result in a 20 percent
reduction in the number of riders in a geographic area who would have access to
a service, the MTOI score for that area and service would also decrease by 20
percent (if average access and egress times are held constant). If route
restructuring increases travel time by an amount that would lead to a 30 percent
reduction in the number of riders who would be willing to make that trip (for a
given origin and destination pair), the MTOI score for that origin-destination pair
would decrease by 30 percent for that service (if there is no change in access
opportunity). This relationship is a key element of the MTOI approach because it
allows the assessed magnitude of adverse effects to change at different rates
depending on any combination of the various types and magnitudes of service
changes. This also means that a situation in which service to one geographic
area is increased at the cost of reducing service in another geographic area can
be objectively and consistently assessed.

Using the MTOI to Assess the Disparate Impacts and
Disproportionate Burdens of a Service Change

To assess disparate impacts using the MTOI, the minority and nonminority
populations in each geographic area are factored by the percentage change
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(from the existing to the proposed service) in the MTOI to represent the impacts
on minority and nonminority populations in the area. The minority and
nonminority impacts are then aggregated across all of the affected areas to
indicate the impact of the service change on the minority and nonminority
populations as a whole. The total impact on the minority population is then
compared to the total impact on the nonminority population using the methods
set forth in the transit agency’s disparate impact policy. An example of an impact
analysis that is performed for the removal of a transit service is shown in Table

16.
TABLE 16
Example of an Impact Analysis Using the MTOI

Census Changein Minority  Nonminority Minority  Nonminority
Tract MTOI Population Population Impact Impact
Tract 1 -20% 1,100 2,100 -220 -420
Tract 2 -100% 1,500 2,000 -1,500 -2,000
Tract 3 -100% 2,000 700 -2,000 -700
Tract 4 -20% 2,300 800 -460 -160
Total

impact -4,180 -3,280

In the example shown in Table 16, the removal of a transit service would result in
a 20 percent decrease in the MTOI score for census tracts 1 and 4, and a 100
percent decrease in the MTOI score for tracts 2 and 3, signifying that the transit
service to be removed accounted for 20 percent of the transit service available in
tracts 1 and 4, and 100 percent of the transit service available in tracts 2 and 3.
The minority and nonminority population within each area is factored by the
percentage change in the MTOI for that area. The factored minority and
nonminority populations are then aggregated across all affected areas to
determine the total minority impact (-4,180) and nonminority impact (-3,280) of
the service reduction. To ascertain whether disparate impacts exist, the total
impacts on minority and nonminority populations are compared using the
methods set forth in the transit agency’s disparate impact policy.

As stated in the MBTA's Disparate Impact and Disproportionate Burden Policy, a
disparate burden is found if the minority customers (population) sustain more
than 20 percent additional burden over the total burden that the nonminority
customers (population) sustain. In this example, the resulting ratio of minority
impact (-4,180) to nonminority impact (-3,280) of 1.27 indicates that the minority
population would sustain a burden that is more than 20 percent greater than the
burden that the nonminority population would sustain, signifying a disparate
impact. The same approach would be used to assess disproportionate burdens
by substituting low-income and non-low-income population numbers for the
minority and nonminority population numbers.
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4.1

APPLICATION EXAMPLE: REMOVAL OF MBTA ROUTES 1 AND CT1

To compare the results obtained using the MTOI methodology with the FTA-
recommended methodology, MPO staff analyzed a hypothetical major service
change in which service on bus Routes 1 and CT1 would be eliminated.

The MTOI Method

To examine the MTOI method for assessing adverse effects, MPO staff first
calculated the MTOI at origin census tracts for trips leaving their origins between
8:00 AM and 8:59 AM for the MBTA rapid transit and Key Bus Route networks:
the Red, Orange, Blue, Green, SL1 and SL2 rapid transit lines, and the 1/CT1,
15, 22, 23, 28, 32, 39, 57/57A, 66, 71, 73, 77,111, 116,117, SL4 and SL5 bus
routes and corridors. The MTOI at each origin tract was then recalculated with
Routes 1 and CT1 removed from the network to reflect a major service change.

Staff utilized several data resources to calculate the parameters for the MTOI
method:

e Census demographic data and census tract shapefiles

e Bus stop and rapid transit station shapefiles

e Pedestrian and roadway network shapefiles

e Transit route schedules

e Automatic passenger counter data for average vehicle load calculations

e Transit vehicle capacity

e Onboard GPS data for average vehicle run times

e American Community Survey 2006—-10 five-year estimates for regional
commute time data

e MBTA 2008-09 Systemwide Passenger Survey for average access and
egress times by route

The total MTOI for each census tract in the full network of rapid transit and key
bus routes is shown in Figure 6. The percentage change in the MTOI for each
census tract after the removal of Routes 1 and CT1 is shown in Figure 7.
Numerical values for the existing MTOI (before the service change), the MTOI
when Routes 1 and CT1 are removed, the percentage reduction in the MTOI
when those routes have been removed, and the minority and nonminority
impacts for each census tract are presented in the Appendix.

Consistent with the proposed methodology explained in Section 3.3, the minority
and nonminority impacts of the removal of Routes 1 and CT1 are aggregated
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4.2

across all affected geographic areas, resulting in a total minority impact of
-22,037 and a nonminority impact of -26,302 for the service change. Using the
MBTA'’s definition of a disparate burden, these quantities are compared to
determine if the minority population sustains a burden that is more than 20
percent greater than the burden the nonminority population sustains. The ratio of
the total minority impact to the total nonminority impact of 0.84 indicates that
nonminority populations sustain more of the burden than minority populations,
and that no disparate impact to minority populations would result from the service
change.

Comparing the MTOI Methodology with the FTA’s Methodology

Using the FTA’s method for assessing disparate impacts using population data,
the minority percentage of census tracts within one-quarter mile of a Route 1 or
CT1 bus stop is compared to the minority percentage of the MBTA service area
as a whole. Using the MBTA'’s definition of a disparate burden, if the minority
percentage of census tracts within one-quarter mile of a Route 1 or CT1 bus stop
is greater than 120 percent of the minority percentage of the MBTA service area
as a whole, a disparate impact exists. The ratio of the minority percentage of
census tracts within one-quarter mile of a Route 1 or CT1 bus stop (44.69
percent) to the minority percentage of the MBTA service area as a whole (26.19
percent) of 1.71 indicates that the minority population sustains more of the
burden than the nonminority population, and that a disparate impact would result
from the service change.

Using the FTA’s method for assessing disparate impacts using ridership data, the
minority percentage of Route 1 and CT1 riders is compared to the minority
percentage of riders in the entire MBTA bus system using the 2008-09 MBTA
Systemwide Passenger Survey. Using the MBTA'’s definition of a disparate
burden, if the minority percentage of Route 1 and CT1 riders is greater than 120
percent of the minority percentage of riders in the entire MBTA bus system, a
disparate impact exists. The ratio of the minority percentage of Route 1 and CT1
riders (40.6 percent) to the minority percentage of riders in the entire MBTA bus
system (47.5 percent) of 0.85 indicates that the minority population does not
sustain more of the burden than the nonminority population, and that a disparate
impact would not result from the service change.

The difference in outcomes between the FTA population-based and MTOI
methodologies can be accounted for by the fact that the MTOI assessment was
performed for a larger geographic area and used different factors to calculate the
adverse effects of proposed major service changes. Figure 8 shows the
geographic area assessed using the FTA population-based methodology and the
area assessed using the MTOI methodology.
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CONCLUSION

This memorandum presented the development and assessment of a new
methodology for performing a service equity analysis to assess the disparate
impacts and disproportionate burdens of major transit service changes. This
methodology, which was developed by MPO staff, provides a more accurate and
comprehensive way of analyzing the equity impacts of major service changes
than the current FTA methodology because it accounts for: (1) riders who may be
indirectly affected by the service change, not just those who currently use the
service or who reside near the service; (2) the varying magnitude of adverse
effects attributable to different types of service changes; and (3) the availability of
alternative transit options that might reduce the potential adverse effects of a
service change.
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Calculation of Minority and Nonminority Impacts of
the Removal of MBTA Bus Routes 1 and CT1 Using the MTOI Method

MTOI with
Census Minority ~ Nonminority — Existing  Routes 1 and Change  Minority ~ Nonminority
Tract Population Population MTOI  CT1 Removed in MTOI Impact Impact
000100 1,746 2,508 243 231 -4.7% -83 -119
000201 1,126 2,728 139 139 0.0% 0 0
000202 1,515 2,370 247 247 0.0% 0 0
000301 690 2,050 184 184 0.0% 0 0
000302 847 2,295 282 277 -1.7% -14 -38
000401 1,583 4,089 1,019 974 -4.4% -70 -181
000402 914 2,734 664 643 -3.1% -28 -84
000502 1,584 4,719 1,472 1,404 -4.6% -73 -218
000503 472 1,739 2,397 2,284 -4.7% -22 -82
000504 1,123 3,862 2,117 2,014 -4.9% -55 -188
000601 1,091 2,480 575 562 -2.4% -26 -58
000602 1,837 2,137 1,922 1,859 -3.3% -60 -70
000701 1,396 3,050 1,220 1,158 -5.1% -71 -155
000703 1,083 1,708 2,561 2,466 -3.7% -41 -64
000704 1,928 2,873 2,186 2,091 -4.3% -84 -125
000802 3,844 4,292 1,319 1,261 -4.4% -168 -188
000803 2,649 3,935 1,101 1,055 -4.1% -110 -163
010103 1,995 2,574 4,918 4,803 -2.3% -46 -60
010104 1,664 3,140 6,067 5,485 -9.6% -159 -301
010203 1,964 3,605 3,872 3,797 -1.9% -38 -69
010204 1,039 2,134 5,267 4,942 -6.2% -64 -132
010300 1,480 3,381 3,825 3,711 -3.0% -44 -101
010403 1,317 1,686 10,147 9,789 -3.5% -46 -59
010404 1,749 4,068 9,857 9,585 -2.8% -48 -112
010405 1,755 3,767 6,963 6,827 -2.0% -34 -74
010500 1,074 1,970 8,002 7,450 -6.9% -74 -136
010600 699 2,159 10,755 10,226 -4.9% -34 -106
010701 469 2,009 8,509 8,044 -5.5% -26 -110
010702 320 2,080 9,850 9,191 -6.7% 21 -139
010801 447 2,336 8,128 7,579 -6.8% -30 -158
010802 517 2,542 6,684 5930 -11.3% -58 -287
020101 411 3,782 5,628 5,203 -7.5% -31 -285
020200 610 3,039 4,912 4,614 -6.1% -37 -184
020301 620 1,403 4,098 3,869 -5.6% -35 -78
020302 170 1,011 5,994 5317 -11.3% -19 -114
020303 1,353 2,047 5,357 5,069 -5.4% -73 -110
030100 136 1,818 5,668 5,401 -4.7% -6 -86
030200 142 1,523 5,886 5,614 -4.6% -7 -70
030300 884 3,988 4,545 4,056 -10.8% -95 -429
030400 198 2,253 5,862 5,580 -4.8% -10 -108
030500 244 2,294 3,245 3,095 -4.6% -11 -106
040100 116 2,052 898 877 -2.3% -3 -47
040300 713 3,169 734 717 -2.3% -16 -73
040401 437 2,002 2,205 2,154 -2.3% -10 -46

040600 209 2,235 1,596 1,561 -2.2% -5 -49
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MTOI with
Census Minority ~ Nonminority  Existing  Routes 1 and Change Minority ~ Nonminority
Tract Population Population MTOI  CT1 Removed in MTOI Impact Impact
050101 3,687 1,428 771 771 0.0% 0 0
050200 3,878 1,353 1,603 1,603 0.0% 0 0
050300 1,601 650 1,783 1,783 0.0% 0 0
050400 1,437 935 1,735 1,735 0.0% 0 0
050500 1,147 710 1,684 1,684 0.0% 0 0
050600 1,540 523 1,760 1,760 0.0% 0 0
050700 3,279 1,225 1,567 1,567 0.0% 0 0
050901 2,950 1,215 1,323 1,323 0.0% 0 0
051000 1,873 2,216 689 689 0.0% 0 0
051101 2,904 3,189 1,318 1,318 0.0% 0 0
051200 1,030 1,349 920 920 0.0% 0 0
060600 318 2,039 158 145 -8.1% -26 -166
060700 1,539 354 2,817 2,754 -2.2% -35 -8
060800 387 3,577 1,218 1,194 -1.9% -8 -70
061000 1,814 1,284 1,973 1,934 -1.9% -35 -25
061101 1,783 449 3,055 2,996 -1.9% -35 -9
061200 497 2,743 2,232 2,182 -2.2% -11 -62
070101 2,378 3,624 4,742 4,177  -11.9% -283 -420
070200 3,469 1,749 7,649 6,955 -9.1% -315 -159
070300 926 2,983 9,465 8,873 -6.3% -58 -187
070402 1,613 110 6,190 5,939 -4.1% -65 -4
070500 2,498 2,962 4,017 3,839 -4.4% -111 -132
070600 402 1,838 5,183 4,913 -5.2% 21 -96
070700 1,074 1,287 8,016 7,632 -4.8% -51 -62
070800 1,399 2,307 3,793 3,488 -8.0% -113 -186
070900 1,847 1,482 6,134 4,998 -18.5% -342 -274
071101 1,916 1,837 2,566 1,714  -33.2% -636 -610
071201 1,913 1,218 1,512 1,466 -3.0% -58 -37
080100 2,834 516 379 160 -57.7% -1,634 -298
080300 1,686 83 820 641  -21.8% -368 -18
080401 2,510 200 2,882 2,209  -23.4% -586 -47
080500 2,863 233 3,510 2,932 -16.5% -472 -38
080601 2,125 2,146 3,652 3,292 -9.9% -210 -212
080801 2,627 1,258 5,456 5,298 -2.9% -76 -36
080900 1,407 2,601 4,556 4,349 -4.5% -64 -118
081001 2,710 2,180 3,570 3,359 -5.9% -160 -129
081100 2,138 1,953 2,662 2,520 -5.3% -114 -104
081200 2,872 393 2,622 2,505 -4.4% -127 -17
081300 4,461 299 1,953 1,875 -4.0% -179 -12
081400 2,318 685 1,974 1,897 -3.9% -90 -27
081500 1,957 177 858 822 -4.2% -82 -7
081700 3,746 74 362 328 -9.5% -354 -7
081800 2,820 78 668 623 -6.8% -191 -5
081900 3,047 68 310 292 -5.7% -175 -4
082000 2,763 52 881 817 -7.3% -201 -4
082100 4,963 62 873 841 -3.7% -183 -2
090100 4,485 86 817 784 -3.9% -176 -3

090200 2,193 40 674 635 -5.8% -127 -2
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MTOI with
Census Minority ~ Nonminority  Existing  Routes 1 and Change Minority ~ Nonminority
Tract Population Population MTOI  CT1 Removed in MTOI Impact Impact
090300 3,132 47 22 20 -8.9% -280 -4
090400 3,570 89 135 118  -12.0% -429 -11
090600 2,255 93 346 303 -12.4% -281 -12
090700 1,678 2,597 1,708 1,679 -1.7% -28 -44
090901 2,330 1,400 769 756 -1.7% -39 -23
091001 1,143 1,599 1,120 1,102 -1.6% -18 -26
091100 2,601 2,260 1,310 1,291 -1.5% -39 -34
091200 2,253 981 253 235 -7.2% -162 -71
091300 2,334 165 287 253  -11.8% =277 -20
091400 2,545 196 207 182 -12.1% -307 -24
091500 3,963 407 244 226 -7.3% -288 -30
091600 2,753 385 341 336 -1.5% -42 -6
091700 2,869 200 751 742 -1.2% -35 -2
091900 3,766 94 545 519 -4.7% -176 -4
092000 4,687 258 1,103 1,085 -1.6% =77 -4
092101 4,545 1,906 536 530 -1.2% -56 -24
092200 2,609 740 1,331 1,312 -1.5% -39 -11
092300 2,846 47 684 669 -2.2% -62 -1
092400 5,221 56 483 470 -2.6% -134 -1
100100 5,453 57 365 352 -3.6% -194 -2
100200 2,750 37 103 98 -4.8% -133 -2
100400 4,308 557 555 547 -1.3% -58 -7
100500 5,193 796 1,274 1,256 -1.4% -71 -11
100601 3,052 2,102 315 311 -1.2% -38 -26
100700 475 3,847 35 35 0.0% 0 0
100800 2,650 2,896 510 505 -1.0% -27 -30
100900 3,139 933 295 295 -0.1% -2 -1
101001 5,347 133 151 149 -0.9% -51 -1
101002 4,778 201 145 143 -1.3% -61 -3
101101 3,126 29 168 161 -4.6% -142 -1
101102 4,342 54 191 182 -4.7% -202 -3
110103 3,322 2,138 1,093 1,046 -4.3% -141 -91
110201 1,640 411 72 72 0.0% 0 0
110301 1,450 955 17 17 0.0% 0 0
110401 2,449 1,117 20 20 0.0% 0 0
110403 2,161 2,148 67 67 0.0% 0 0
120103 238 1,270 426 406 -4.7% -11 -59
120104 736 1,359 1,306 1,249 -4.4% -32 -60
120201 1,536 1,903 1,664 1,593 -4.3% -66 -82
120301 2,887 1,908 1,987 1,907 -4.0% -116 -76
120400 1,407 4,344 1,907 1,824 -4.4% -61 -190
120500 1,567 764 2,067 1,979 -4.3% -67 -33
120600 584 1,751 2,460 2,354 -4.3% -25 -75
120700 747 1,267 1,811 1,714 -5.3% -40 -67
140102 2,702 1,699 16 16 0.0% 0 0
140105 2,370 1,305 230 230 0.0% 0 0
140107 1,640 891 54 54 0.0% 0 0
140201 1,094 978 109 109 0.0% 0 0
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MTOI with
Census Minority ~ Nonminority  Existing  Routes 1 and Change Minority ~ Nonminority
Tract Population Population MTOI  CT1 Removed in MTOI Impact Impact
140300 5,198 1,184 137 137 0.0% 0 0
140400 6,984 666 151 151 0.0% 0 0
160101 6,492 1,059 155 155 0.0% 0 0
160200 3,652 391 672 672 0.0% 0 0
160300 722 1,343 123 123 0.0% 0 0
160400 2,316 400 99 99 0.0% 0 0
160501 4,655 949 396 396 0.0% 0 0
160502 3,306 1,154 235 235 0.0% 0 0
160601 2,362 1,701 276 276 0.0% 0 0
160602 2,790 1,885 214 214 0.0% 0 0
170100 2,950 4,610 77 77 0.0% 0 0
170200 1,339 3,225 25 25 0.0% 0 0
170300 2,507 6,533 3 3 0.0% 0 0
170400 1,946 3,433 32 32 0.0% 0 0
170501 1,241 2,194 829 829 0.0% 0 0
170601 1,982 3,123 92 92 0.0% 0 0
170701 777 1,322 932 932 0.0% 0 0
170702 4,441 2,187 920 920 0.0% 0 0
170800 1,793 3,325 1,004 1,004 0.0% 0 0
336401 887 3,373 161 159 -1.7% -15 -59
339801 1,629 2,781 777 761 -2.0% -33 -56
339802 1,653 2,904 215 211 -2.0% -33 -58
341101 1,461 2,214 937 920 -1.7% -25 -38
341102 1,968 2,596 613 602 -1.9% -37 -48
341200 3,288 3,569 466 457 -1.9% -61 -66
341300 3,265 2,174 1,525 1,497 -1.9% -61 -40
341600 2,794 3,770 393 385 -1.9% -52 -70
342101 1,894 2,563 25 25 0.0% 0 0
342102 1,717 2,349 22 22 0.0% 0 0
342400 2,925 3,130 159 156 -2.0% -59 -63
342600 2,284 2,081 18 18 0.0% 0 0
350103 305 905 1,151 1,126 -2.2% -7 -20
350104 3,898 3,377 327 320 -2.2% -86 -74
350400 790 4,778 1,147 1,068 -6.9% -54 -329
350500 204 1,425 2,390 2,226 -6.9% -14 -98
350600 988 3,684 385 358 -6.9% -68 -246
350800 395 1,433 1,293 1,210 -6.4% -25 -92
350900 503 2,811 2,435 2,269 -6.8% -34 -191
351000 1,315 5,135 1,527 1,420 -7.0% -92 -359
351204 1,345 2,784 33 31 -7.0% -94 -196
351403 2,129 1,899 1,439 1,407 -2.2% -47 -42
351404 2,284 2,005 333 326 -2.2% -50 -44
351500 1,048 1,262 200 193 -3.1% -32 -39
352101 759 895 3,065 2,976 -2.9% -22 -26
352102 609 1,668 1,942 1,880 -3.2% -19 -53
352200 689 1,160 1,405 1,360 -3.2% -22 -37
352300 1,348 2,102 1,689 1,619 -4.2% -56 -88

352400 1,559 567 2,157 2,001 -7.2% -113 -41
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352500 1,307 1,587 1,713 1,598 -6.7% -87 -106
352800 685 1,430 530 505 -4.6% -32 -66
352900 609 2,037 686 655 -4.6% -28 -94
353000 1,425 2,159 3,958 3,007  -24.0% -343 -519
353101 1,149 1,311 3,269 2,330 -28.7% -330 -377
353102 2,939 2,101 1,711 1,289  -24.6% =724 -518
353200 2,071 2,826 790 667 -15.6% -323 -440
353300 863 2,608 1,263 1,152 -8.9% -76 -231
353400 1,509 1,339 1,448 1,266  -12.6% -189 -168
353500 1,055 1,547 3,217 2,473  -23.1% -244 -358
353600 1,249 3,302 1,079 1,014 -6.0% -75 -199
353700 1,862 3,503 1,783 1,511 -15.3% -284 -535
353800 1,403 3,299 2,636 1,927  -26.9% -377 -887
353900 3,347 3,743 2,183 1,622  -25.7% -860 -962
354000 1,178 3,188 1,257 1,177 -6.3% -74 -201
354100 590 2,317 1,365 1,339 -1.9% -11 -43
354200 362 2,545 463 408  -11.9% -43 -303
354300 1,113 2,233 222 200 -10.1% -112 -225
354500 444 1,792 1,425 1,328 -6.8% -30 -122
354600 1,981 2,557 85 79 -7.1% -140 -181
354700 567 1,942 2,381 2,216 -6.9% -39 -135
354800 353 1,550 1,491 1,392 -6.6% -23 -103
354900 3,918 2,140 839 789 -5.9% -232 -127
355000 862 1,827 1,119 1,070 -4.4% -38 -80
356100 452 2,658 292 289 -0.9% -4 -23
356300 1,179 3,861 47 47 0.0% 0 0
356400 860 6,387 3 3 0.0% 0 0
356500 1,045 5,635 21 21 0.0% 0 0
356601 741 3,475 95 95 0.0% 0 0
356602 563 3,606 89 89 0.0% 0 0
356701 1,154 4,690 291 291 0.0% 0 0
356702 1,046 5,592 130 130 0.0% 0 0
357300 578 2,395 146 132 -9.3% -54 -224
357400 350 1,989 146 134 -7.8% -27 -156
357500 379 1,751 94 88 -6.7% -25 -117
357600 525 1,907 78 73 -6.2% -33 -119
357700 861 2,866 55 52 -4.5% -38 -128
370102 1,601 5,150 47 45 -4.9% -79 -254
370201 528 3,229 214 196 -8.5% -45 -273
370202 450 3,699 26 25 -7.2% -33 -268
370300 1,301 4,343 191 173 -9.6% -124 -415
370400 837 4,289 108 102 -6.2% -52 -265
373100 962 3,793 76 76 0.0% 0 0
373500 984 5,203 80 77 -3.6% -36 -189
373600 1,279 4,747 495 471 -4.9% -63 -233
373700 481 3,309 72 68 -4.8% -23 -158
373800 1,296 4,627 464 442 -4.8% -62 -221
374000 1,306 3,931 4 3 -4.5% -59 -178
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374100 1,431 3,216 46 44 -4.3% -61 -137
374200 778 3,416 650 621 -4.5% -35 -155
374300 407 3,087 326 313 -4.1% -17 -126
374400 913 4,830 73 70 -4.1% -37 -197
374800 1,009 3,729 165 159 -3.6% -36 -134
400100 1,368 3,609 3,888 3,665 -5.7% -78 -207
400200 1,885 4,247 2,712 2,578 -5.0% -93 -210
400300 993 3,117 2,439 2,316 -5.0% -50 -157
400400 1,146 4,303 1,863 1,770 -5.0% -57 -214
400500 1,041 4,132 1,404 1,333 -5.1% -53 -210
400600 1,157 4,020 1,882 1,785 -5.2% -60 -209
400700 908 2,690 2,224 2,103 -5.5% -50 -147
400800 1,673 3,957 2,632 2,487 -5.5% -93 -219
400900 1,441 2,424 3,744 3,532 -5.7% -82 -138
401000 1,008 2,141 1,497 1,409 -5.9% -59 -126
401100 911 3,530 364 345 -5.2% -47 -183
401200 2,161 4,870 63 60 -5.0% -108 -243
416200 3,275 3,376 22 22 0.0% 0 0
416300 1,332 3,417 213 213 0.0% 0 0
416400 573 5,496 6 6 0.0% 0 0
417100 1,345 2,919 356 352 -1.2% -16 -35
417200 4,159 4,023 256 253 -1.3% -54 -52
417501 2,167 2,837 87 86 -1.3% -28 -37
417502 2,454 2,185 569 561 -1.3% -32 -28
417601 1,925 3,271 294 290 -1.2% -23 -39
417602 1,787 3,368 243 240 -1.2% -22 -41
417701 1,661 3,756 534 528 -1.1% -18 -40
418003 768 1,713 113 112 -1.0% -7 -17
418004 1,681 2,599 213 211 -1.0% -16 -25
418101 1,492 3,345 262 260 -1.1% -16 -36
419100 793 4,898 9 9 -1.0% -8 -48
419500 424 2,653 3 3 -0.9% -4 -23
419700 474 3,347 15 15 -0.9% -4 -29
419800 579 3,779 88 87 -0.9% -5 -33
980300 191 147 256 250 -2.5% -5 -4
981000 19 3 272 261 -4.3% -1 0
981100 334 84 5 5 -2.9% -10 -2
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