















































































































































































































































APPENDIX E
FAIRFAX CONNECTOR

NTD SAMPLING PLAN AND STATISTICAL ACCURACY



Appendix E

Statistical Analysis of Sampling Plan for Estimating
Passenger Miles

Fairfax Connector, Fairfax, VA

Prepared Jointly
by
Peter G. Furth, Ph.D. and George R. Hoyt
July 3, 1998

The following sampling plan and estimation method for the Fairfax Connector provides
annual passenger miles data consistent with the requirements of the FTA National
Transit Database (also called Section 15). The sampling plan assumes that the Fairfax
Connector has a reliable method of counting total annual passenger boardings by
route. We understand that they use a combination of adjusted registering farebox and
manual counts to produce these passenger totals. The approach recommended for
estimating passenger-miles is to estimate the average passenger trip length (ATL), and
then expand these by reported annual boardings to yield passenger-miles. Overall, we
recommend sampling 186 bus trips. Of these, 156 samples are designated for current
Connector routes. These should be ridden during the period from January through
June, 1999. The remaining 30 samples are reserved to assess the impact of the new
Dulles Corridor service expected to begin in mid-May, 1999. These should be ridden
during June and July of 1999.

To improve the efficiency of the method, a stratified sample of trips by route will be
picked. When sampling routes where service is provided in both directions within a time
period, collecting data on pairs of trips (e.g., and inbound trip followed by an outbound
trip) is recommended where possible. Where the Connector's routes operate in only
one direction by time period, the sampling units are one-way trips.

Method to Estimate Average Trip Length and Expand based on Known Annual
Boarding Counts

This method is recommended when reliable counts of annual boardings by route are
available. The sample is used to estimate average trip length, which is the ratio of
passenger-miles to boardings. Then for estimation, the sample is post facto stratified
by one-way route mileage with average trip length calculated and expanded separately
for five route mileage groups.

Sampling by Route

For sample selection, each route is a stratum and each trip scheduled to operate is a
sampling unit. Where trips are scheduled for both inbound and outbound service within
a time period, trips should be selected for sampling in pairs.
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The Sampling Frame (Trip Lists)

The sampling frame is based on normal weekly service for each route. The sampling
frame consists of a list of all trips operated during a normal week. Note that weekday
trips should appear five times, once for each weekday. Each trip (or directional pair
when paired service is operated) should be given a unique number reflecting the route,
operating sequence and day operated. Generally a hierarchical code is recommended
where the first two digits identify the route, the second two digits identify the trip (or trip
pair) and the last (fifth) digit identifies the day operated.

Sample Size and Sequence

The recommended sample size for the current Connector system is 156 trips per year.
Since all of the sampling will occur within the last six months of the fiscal year, this
amounts to 6 trips per week. The sample should be allocated among the routes in
proportion to the number of one-way trips operated per week, rounded to whole
numbers, but never less than one. Sometimes with precise rounding the resulting total
will be different than the intended total; if that is the case, small rounding adjustments
should be made to get the totals to match (ensuring again, however, that every route
gets at least one sample).

The sequence in which trips (or pairs of trips) will be sampled during the sampling
period is determined randomly. The route-level sample size and sampling sequence
should be determined at the beginning of the sampling period. If schedule changes are
made during the course of the year such that the number of trips on a route changes,
no changes will be made to the allocation. If a route is eliminated, the samples should
be allocated to other routes (keeping the annual total samples unchanged). If a route is
added, it should be sampled in proportion to the scheduled annual number of trips (thus
increasing the annual sample size).

Scheduling the Samples

Sampling should be evenly spread over the sampling period by sampling roughly the
same number of trips each week. Partial weeks at the start and end of the sampling
period should get a (roughly) prorated sample size.

The weekly sample size and the sampling sequence will determine which routes to be
sampled each week. For each route to be sampled, a random trip (or trip pair) should
be drawn from that route's sampling frame (every unit in the sampling frame has an
equal chance of selection) and sample that trip (or pair). If the week in question has a
holiday schedule, the sampling frame will need to be adjusted accordingly. Note that it
is possible that a given cluster for a given route may be selected more than once.
Missed trips should be made up in the following week.

Measurement

Data for the selected trips are collected by recording passengers on and off by stop and
then calculating trip-level boardings and passenger miles. Passengers on board at the
start of the end of the trip should be recorded as well. To calculate passenger-miles,
the inter-stop distances must be known. These mileages have been established for
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each of the routes currently operated by the Connector, by route variation. When the
sample selected is part of a trip pair, a separate ride check form should be used for
each trip. On routes that operate as loops, a single ride check form should be used.

Compiling and Expanding the Data
At the end of the sampling period, the routes should be post-stratified by one-way route
length. For the current Connector system, the recommended groups are:

less than 10 miles,
10 to 12.5 miles,
12.5 to 15 miles,
15 to 20 miles, and
over 20 miles.

The sampled boardings and passenger miles should be totaled for each mileage
stratum. The ATL can then be computed by dividing the sum of passenger miles by the
sum of boardings. To obtain an estimate of annual passenger miles in the stratum,
expand the ATL by the count of mileage stratum annual boardings. A system-wide
annual passenger mile estimate may be obtained by aggregating the passenger mile
estimates over the strata.

Statistical Analysis of the Sampling Plan

To verify that this sampling plan will achieve the accuracy level required by FTA, a test
sample of ride checks done in 1998 was analyzed. It consists of 228 trips, with
observations of boardings and passenger-miles on each. In order to get good
estimates of overall trip length variance, data were collected on most routes in the
system.

The method employed stratified sampling, with equal allocation among strata, and with
stratum-level estimates being made using a ratio estimate. At the stratum level (h is the
stratum index), average trip length is estimated as

ATLh = Mph / Mbh
where M,,, is the sample mean of passenger-miles over all samples in stratum h, and
M, is the corresponding sample mean of boardings. The formula for the annual
estimate of passenger miles is

P= Z Bh ATLh

where B,, is the count of annual boardings in stratum h.
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For each stratum, the relative unit variance of the average trip length is given by
U = 8% + Szpn -2 T Spn Spn

where sy, and s;, are the standard deviations of boardings and passenger-miles in
stratum h, respectively, and r, is their correlation coefficient. If the overall sample size
is n and each stratum's sample size is n/5, the relative variance of the overall estimate
is

V2 = (5/n) T 2%, u%,
where z, is the share of annual passenger-miles estimated to be in stratum h; that is,
z,= (B, ATL,)/ X (B, ATL,)

Using the test sample data and available counts, the necessary statistics (u?, and z,)
were calculated. To achieve the FTA-specified accuracy level of 10% precision at the
95 percent confidence level, v’ must be no greater than (0.05)? or 0.0025. Thus, given
the statistics, the necessary sample size n can be determined.

The numerical analysis shown in Table 1 indicates that the minimum necessary sample
size is 120 trips. Given the number of routes, the complexity of the Connector system,
and the compressed sampling period, we recommend a somewhat larger sample of 156
trips for the current system. This will result in an annual passenger mile estimate with
expected precision of + 8.8 percent at the 95 percent confidence level, well under the
minimum level required by FTA for estimates of service consumed. In addition, we
recommend collecting data on 30 trips of the new Dulles Corridor service to be able to
assess the impact of this service on future year sampling requirements.

Validity With Respect to Network, Route, and Schedule Modifications

This sampling plan does not depend on any special structure of the network or
schedule, and is valid if minor system changes occur. Since the Connector plans to
add significant and, perhaps different, service in the Dulles Corridor at the end of the
sampling period (mid-May, 1999), we recommend adding a small number of trips (30) to
the sampling plan to assess the impact of this service.

Certification

Based on the preceding analysis, this recommended sampling plan will yield estimates
of annual passenger-miles that satisfy the FTA requirement of +10 percent precision at
the 95% confidence level.
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