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Pixed Foute R1s Cperating Data Required Under the Section 15 Reporting
Syvten, " ouggests one sarpling procedurs for obtaining fixed route bus
operating dota required under the Seckion 15 Peporting System. Its
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The sampling procedures described in this circular require a significantly
smaller sample size to obtain estimates of annual passenger trips and
passenger miles by moce at the required levels of precision and

conf idence.

The total required sample size has been reduced to 208 bus trips a year.
This represents a reduction of between 62 and 77 percent from the number of
trips that need to be sampled using the procedures described in UMTA
Circular 2710.1A.

The sapling precedures contained in the circular meot the statistical
standards of 95 percent confidence and 10 pevcent precision for each
transit service mode. Transit agencies can use these procedures to
estimate bus "service consumed" (passenger miles) to be reported to UMIA
for in allocating Section 9@ funds authorized by the Surface

wation Assistance Act of 1982, (See Section 9(a) (3) of the UMT

A transit agency may use a technique other than the UMTA recommended
techniques as long as it meets the prescribed precision and confidence
levels. If a different technique iz used, it is recommended that the
technique be submitted to UMTA for epproval. Implementation of a sampling
procedure that has not been confirmed in writing by UMTA as meeting the
orescribed statistical requirements may result in adjustments to future
Section 9 formula apportionments if the data are found not to be reliable.

Q. Il B

L. DelliBovi
Administrator
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CHAPTER T
INTRODUCTION
1. PURPOSE. This circular suggests an approach for the collection of the

following operating data required for the Section 15 Reporting System:

a. Total annual unlinked passenger trips (passengers).
b. Total annual passenger miles.

The "reveme based" sampling approach developed for this circular satisfies
the specified confidence and precision levels (95% and + 10%,
respectively) .

Due to the manner in which the estimates of anmial unlinked passenger trips
ard annual passenger miles are estimated, the approach described in this
circular is suitable only to fixed route modes with on—board fare
collection. This limitation primarily affects rail modes for which fare
collection is not on-board.

Because the sample size required for the sampling procedures described in
this circular is much smaller than that required for the procedures
described in Circular 2710.1A, use of these revemue-based procedures
significantly reduces the burden on transit operators of meeting the
Section 15 Data Reporting System requirements. Hawever, for acceptable
accuracy of estimates derived fram revenue-based procedures to be
maintained, it is vital that the reveme collection on individual bus trips
be accurately measured. Registering fareboxes offer the easiest way to
meet this requirement. One feasible altermative is to empty the farebox at
the beginning and end of each sample trip and count the revenue collected
on that trip. (This might be done by providing an assigned checker with a
portable farebox that is used only to callect the fares on the randamly
selected trips.) The procedures and supporting forms contained in this
circular require an accurate count of the farebox revenue received on each
sampled trip.

The revenue-based sampling method is offered as one of many possible
approaches that meet the statistical precision and conf idence standards
established for Section 15 reporting.

It may be used to estimate passenger miles for use in allocating Section 9
funds authorized by the Surface Transportation Act of 1982. No operator is
required to follow either the procedures described herein or any other
specific set of procedures. an operator may elect to use amny other
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procedures so long as the ones chosen satisfy the minimum statistical
requirarents. If a different technique is used, it should be submitted to
UMTA for approval. Implementation of a sampling procedure that has not
been confirmed in writing by UMTA as meeting the prescribed statistical
requirements may result in adjustments to future Section 9 formula
apportiomments if the data are found not to be reliable.

OVERVIEW OF PROCEDURE. The procedure described in this circular enables
any transit agency to estimate annual unlinked passenger trips and anmal
passenger miles based on data fram a small sample of randamly selected bus
trips. In suwmry, the method consists of counting boarding and alighting
passengers, measuring distances between stops, and counting farebox revenue
on four randamly selected bus trips each week throughout the fiscal year.
Consequently, 208 bus trips are sampled, enabling estimates to be made of
two ratios:

a. Farebox revenue per unlinked passenger trip
b. Farebox revenue per passenger mile.

The sample size is sufficient to meet the 95% confidence and + 10%
precision limits on estimates of total anmual passenger miles as required
for the Section 15 Reporting System.

Total annual system-wide passenger trips and passenger miles are estimated
by dividing each of these ratios separately into the total ammual system
(mode) farebox revenues for all routes. For example, total annual unlinked
passenger trips are estimated as follows:

System-wide Anrual
TOTAL: ANNUAL UNLINKED = Farebox Revenue
PASSENGER TRIPS Estimated Farebox Revenue
Per Unlinked Passenger Trip

where the "farebox reverme per unlinked passenger trip” is estimated fram
the sample of trips.

Farebox revenue includes all passenger revenue actually collected on board.
However, it is important that it include only revenue collected on board.
Tt excludes revenue fram sales of passes, tckens, and other prepayment
instruments. It also excludes all non-transportation revenue. Finally, it
excludes all revenue collected on trips not eligible to be sampled.

Sirce all bus trips sampled are randamly selected, all types of services,

day of the week, levels of fare, types of fare payment, periods of the day,
etc., are represented on the average, in proportion to their occurrence in
the pool of total annual trips. Likewise, since all riders are counted on
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the selected trips (including cash fares, passhc’ders, elderly,
handicapped, and students), the ratios of "farebc; revenue per passenger"
and "farebox revenue per passenger mile" based on the sampled trips yield
total passenger and passenger mile estimates when applied to system-wide
farebox revenues for the fiscal year.

The sampling procedure is based on relationships between farebox revenue
and unlinked passenger trips and between farebox revenue and passenger
miles. Consequently, the procedure requires an unchanged fare structure.
If changes are made in fare structure or policy during the course of the
fiscal year, passengers and passenger miles must be estimated independently
for each separate period of fare structure. This means that the year may
have to be divided into two or more periods that are defined by when fare
changes are introduced. Revenues collected during each period and
cumulative passengers and passenger miles for each period's sampled trips
should be kept and tallied separately. Once system-wide passengers and
passenger miles are estimated separately for each period, they can be
assumed to arrive at estimates of total annual passengers and passenger
miles. A change in fare structure would necessitate a slight increase in
the total sanple size.
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1.

CHAPTER I1

DEFINITIONS, SAMPLE SIZE AND COMPOSITION

DEFINITIONS. The following are definitions of key terms used in this

circular:
a. Bus Trip. A bus trip is defined as a gne-way trip by a bus while in

revenue service, starting at one end of a route and ending at another
end of a route. A round trip, therefore, is counted as two separate
bus trips. 1In the case where a route is a pure loop involving entirely
different streets and pickup points, and where there is no logical way
to identify route end points, then the traversing of the loop can be
regarded as a single bus trip. If a bus is interlined (i.e., if a bus
changes routes during revenue service) then the point of interlining
(or route change) is considered to represent the end of one one-way
trip and the beginning of another.

Farebox Revenue. Farebox revenue is the cash collected in fares on bus
trips. Transfers, tokens, passes, and other non-currency forms of
payment should not be counted as farebox revenue. It is critical to
the method's validity that the counting of cash fares be done in the
same way for all sampled trips. In addition, it is imperative that
accurate system-wide farebox revenue totals be available for the entire
year and any separate sampling periods within the year (as defined
below in this chapter).

Weekly Bus Trip Lists. These are lists of weekly trips from which the
sample of trips will be drawn. The lists are simply tallies of bus
trips scheduled during each week, including trippers. In some cases, a
"day-of-week" digit may be included in the numbering scheme of the
tally. The lists of each week must include all revenue bus trips,
except school bus, charter, and demand response trips.

Sampling Period. If, during the fiscal year, there is a change in fare
policy, then annual passengers and passenger miles must be computed
separately for the periods before and after the fare change(s). The
year is thus divided into sampling periods for which separate
tabulations of revenues, passengers and passenger miles from sampled
trips are kept, and separate ratios of "revenue per unlinked passenger
trip" and "revenue per passenger mile" are calculated. If there are no
fare changes during a fiscal year, then the year is considered to be a
s5ingle sampling period.
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e. Time Period. Each weekday is divided into time periods as defined in
Apperdix A, The periods include: A.M. Peak, Midday, P.M. Peak, and
Might. Saturdays, Surdays, and Holidays do not have designated time
periods. The time at which a sampled trip begins determines the time
period in which it is classified.

f. Randam Sample. For a sample to be randam, each element in the
population of all elements must have a known chance of appearing in the
sample. The odds of drawing each element must either be the same, or,
in the cases where the odds differ, elements must be grouped so that
those within each group have an equal chance of being drawn.

2. SAMPLE SIZE AND QOMPOSITION. Table II-1 outlines the annual sample fram
which estimates of "farebox revenue per passenger trip" and "farebax
revenue per passenger mile" are to be made. The sample of trips is
obtained by randamly selecting four trips fram each week's trip list. (For
twelve weeks following a fare change, the weekly sample is increased fram
four to five trips.) Over a full year, the number of trips on which
revernue and ridership data are collected is 208.

Different weekly trip lists should be developed corresponding to changes in
the scheduled services made during the course of the year. Typically, a
separate weekly trip list would be required for each timetable. Each
week's four-trip sample should be separately selected at a time close to
the sample week, but still allowing adequate lead time for scheduling of
survey/data collection persornel and any supporting equipment,

There is, however, one exception to this general sample size rule of four
bus trips per week. Transit agencies introducing a fare policy change
should increase the weekly sample size to five bus trips for twelve weeks
follaving the change in fare policy. The purpose of this sample size
increase is to campensate statistically for the greater variability and
instability in riding habits that typically follow f-re changes. If the
designated twelve-week period extends into a new fiscal year, five trips a
week should be sampled in the final weeks of the ernding fiscal year, and
five per week should be sampled in the initial weeks of the beginning
fiscal year so that a total of twelve consecutive weeks are sampled at a
rate of five trips a week, Thereafter, the sampling reverts to a rate of
four trips per week.
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Table II-1

SAMPLE CHARACTERISTICS

Humber of Number of Sampled Number of Sampled
Yeeks per Year X Trips per Week* Trips per Year

]

(52) X (4) (208)

*a5 noted above, the sample size should be increased to 5 trips per week
for 12 weeks after a fare policy change is implemented.
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CHAPTER ITI
SELECTION OF THE SAMPLE
1. OUILINE OF THE APPROACH. Success of the procedure described in this

circular requires that the four (or five) weekly bus trips are selected
randomly from all trips operated during the respective week. This chapter
provides two approaches to randomly selecting bus trips.

For each of these approaches, the first step is to identify the population
of weekly trips from which the sampled trips will be chosen and to assign a
serial number to each trip. This step is referred to as the construction
of a weekly bus trip list. The second step is to randomly choose the
serial numbers of the trips to be surveyed. The third step is to determine
which trips correspond to the selected serial numbers. To allow subsequent
determination of which trips have been chosen by the random sampling
process, the list must be constructed in a way which allows unique
identification of each trip operated during the week.

In addition to the two random selection approaches explained in this
circular, there are many other methods that are both feasible and valid.
It is essential only that the list be developed in a way that each and
every trip operated during a week is included and that each trip has the
same chance of being selected.

Bach of the methods described has both advantages and disadvantages
relating to its ease of use. Preference of one method over another will
vary among transit agencies, depending on such factors as uniformity of
schedules across days of the week, the total number of daily bus trips, the
number of routes in the system, and the frequency of changes in fare policy
or in the number of scheduled trips.

In general, the following two-step sequence assures that the four trips in
each week's sample are selected randomly:

a. Construct a list of all scheduled one-way revenue bus trips, including
trippers, for the week to be sampled, including trips made on all
weekdays, weekend days and holidays, and assign a unique number to each
trip on the list. Charter, school bus (bus used exclusively for
carrying school children), and demand response (dial-a-ride) operations
should be excluded.
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b. Randomly select the trips for which data are to be collectad.

The remainder of this chapter describes in detail both of these steps for
the two techniques. Copies of the worksheets to aid in constructing wee 2k 1y
bus trip lists for each method are provided in Appendix B.

The same weekly list is used week after week as long as the schedule is
unchanged. A separate selection of trips is made for each week. The
listing and selection process for the trips of a given week need to be
ahcompllsh°d only far enough in advance to allow scheduling of surveyors.
it is p0351ble to do the selection on a weekly basis, each wpek only
drawing the four trips necessary for the following week. Alternatively, it
iz also possible to do a full g jaar 5 worth of selections all at one time.
In generzl, the selection should be done far enough ahead to schedule
surveyors, but not so far ahead that the weck's final schedule of trips has
not been determined. Thus, for example, if schedules are adjusted
uuanwerly, not more than one quarter's worith of selection would be
accorplished at one time.

OW WEERLY TRLPS. 'The two mehhods explained below can be described

a. Hethod 1. Contiauous numbering acrozs all days of the week.
b. Method 2. Separate numbering according to day of the week.
lhiTﬁ ths two rmetheds have much in common, each is relatively better suited

tuacions than to others. BRefore prosenting the methods
, some of their differances will be ccnsidered.

L theos :mtbfﬂs hav “hh advantage that a single range of valid
ion numers tThis means that when using a random
i s list, any number within the 51ngla
woiial buz trip. The disadvantage 1:
Lla woJuoL ent can raru>ru thngﬂ~ to the

nd method se:s a separate range of vaitid identification numbers for
ay of the wezk. It thus leaves gaps of invalid numbers between the
= for one Jay and the valid range for the following day. This
sk vore complicnted to know whether a nurber from a random
czoondds Bo an actual bus trip or o one of the gaps
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between the valid ranges for individual days. On the other hand, a minor
schedule adjustment affects the identification number of trips only on the
days for which schedule has been changed. To an agency making frequent,
minor schedule changes, this method might be more attractive than the
first.

METHOD 1: CONTINUOUS NUMBERING WEEKLY TRIP LIST. Assume for the purpose
of iliustration that a transit system has three routes and that the same
bus schedules are followed on Monday through Friday, with fewer trips on
Saturday and Sunday. Using bus schedules, timetables, or daily driver run
sheets, the operator can then select any day (say, Monday) and number one-
way bus trips to be made on that day, beginning with one route and
proceeding to the next route until all scheduled trips for the day on all
routes have been n.. .ered consecutively (no numbers skipped). The
nutbeeing would then be picked up, in sequence, for the following days
until all trips scheduled over the seven days of the week have been
nudborad ond recorded. A simplified example of a listing of trips using
thiz method is shown in Table III-1. An important point to remember is
that every revenue trip is considered to be a scheduled one-way trip, and
that all trips should be included except those that are specifically
excluded (e.g., school bus).

It is not necessary to write down each trip number to derive the trip
nunber range for each day. Rather, the trips for any given day can simply
be counted on the schedules in scme logical, reproducible sequence. The
number ranges for the days enable the user to determine on which day a
randonly selectad numbered trip, generated by the procedure described
subsequently, will fall.

P'ollowing the sample in Table III-1, selection of random four-digit number,
2047, indicates that a bus trip would be sampled on Friday of the week in
question, a day that has a bus trip number range of 1661-2075. Further, it
can be determinad from the data that the trip to be sampled will be on
Route 3, if, as is shown, the numbering of daily trips is done so that each
route's bus trips have identifiable Trip Serial Number ranges. Then, the
trips can be counted, in order, from the beginning of the appropriate
route's printed schedule for the appropriate day until the randomly
selected trip number is reached. Once the selected trip is determined by
counting through the schedule, its time, location of departure, and
direction can be deternined.

fay sdhvxdule Shonge thatb alterz the nunber of trips on any given day means
- weekly trip list must be changed accordingly, and new ranges of
57 rounze st be established,  Consequently, the continuous
o oapproach for brip liste way not be as practical as some other




Page 1II-4 UMTA C 2710.4A
7-22-88

Table III-1

EXAMPLE OF CONTINUOUS NUMBERING METHOD FOR WEEKLY OME-WAY TRIPS

Trip Serial Numbers

Day of by Route Number Trip Serial
tieek 1 2 3 Number Range
Monday 0001- 0125- 0305~ 0001-0415

0124 0304 0415

Tuesday 0416~ 0540~ (720~ 0416-0830
0539 0719 0830

tednesday 0831- 0955~ 1135~ 0831-1245
0954 1134 1245

Thursday 1245~ 1370- 1550~ 1246~-1660
1369 1549 1660

Friday 1561~ 1785~  1965- 1661-2075
1781 1564 2075

Saturday 2076~ 2137~ 2172- 2076-2212
2136 2171 2212

sunday 2213- 2234~ 2200~ 2213-22581
2233 22402 2261

'fotal Rance 0001-2261

of iesiy Trips (Valid Thaumbe;

Range) .
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npplOdLhQ~ or large transit agencies with frequent schedule changes since
re—nuJEELLng of trips would be an often repeated process. An example
workshzet for listing weekly trips by day of the week and by route is given
in Appendix B. tlte that each Trip Serial Number must have the same number
of digits, that nurber being the number of digits in the total number of
trips counted a week. Thus, for example, a trip occurring 215th in a list
of 2261 weekly trips would be designated by the four-digit number "0215".

A, I2IHCD 2:  MJMBERING 'TRIPS BY DAY OF THE WEEK. An alternative method to
developing a weekly cne-way bus trip list of sample selection is to code
tripg according to the day of the week on which they are scheduled. This

oding conszists of a day-of-the-week digit (ranging from 1 to 7) at the
glnn ing of the erp numbers for each day, followed by the number of a
?119 for that day's zchedules for all routes.

Tanle I[71-2 corntains a listing of weckly trips for a three-route system
using this nunkering method. According to the table, Route 2 accounts for
trips 116 through 290 on Monday thiough Friday. So, when a four-digit
random number 2277 is selected, ic tells the user that the sample trip is
zo be the 277th trip on Tuesday (the 2nd day of the week, based on the
first digit). Further, it iz known that "277" falls in the range of valid
numberad trips for Route 2.

Using this method of deriving a weekly trip list, changes in schedules for
particular days can be accommodaced without the necessity of changing all
subsequent trip numbers on other days of the week. 1In addition, the first
digit of the selected random number immediately indicates the day of the
weck on which the trip would be sampled. However, all randomly selected
Lrlp serial nunbers from the Table of Random Mumbers beginning with the
nubers 09, 2, or 9 are invalid because there are no days of the week with
'h:ﬂh they are associated. Four—digit numbers beginning with 0, 8, and 9
e thus dl srecarded.

5. SELECITHC UME SAPLE. The sample of four t ip for a given week 1s
selectad from the weekly list of one-way bus trips using a random selection
process. ‘The concept of random numbers is very 1mportant to the
staticitical theory on which confidence and precision standards are based.
Rervlaconent = proper random selection process by an informal arbitrary
formal attorpb -0 achieve a representative sample will
culbs and cims prevent the data from mesting the
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TYAMPLE OF DAY-OF-T.EFK NUMBERING [IETHCD FOR WEEKLY ONE-DAY TRIPS

Trip Serial Humbers Maiber of
Ro

Day of Dy Route uaber Scheduled Trip Serial
tizek 1 2 3 One-Way Trips  Number Range

Sonday ¢ol- 116~ 291 15 1001-1415
- 201~ 415 2001-2415

3001-3415

w
o
—
')
i
o)
&
R
O
S
‘..l
i
R e
ey
(&)
[}
b
D
',-l
I
[
}_J
L1

Thvags e 001~ 115~ 201- 13 4001-4415
115 290 415

Friday 061~ 115-  201- 215 5001~5415
115 290 415

satuarday an1-
325

1O

5~ 150~ 250 60216250
4

oo

Sty - 08l- 142~ 208 7001-7208
220 4 208

E 1001-7208
oo iRl Toip (Valid Humber
Range)
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Random numbers tuables are developed through use of specialized computer
programs which guarantee that the sequence with which individual digits
appear is random. This ensures that blocks of sequential 2, 3, 4, or more
digit numbers are also random. In reading the table, leading blanks in the
four digit groupings of the table should be read as zeros. Thus a number
appearing as ( 756) should be read as (0056).

The first step in using a random numbers table is to decide on the
appropriate number of digits in the random numbers drawn. To illustrate,
the rhird line of Table III-3 can be used to generate a series of two-digit
candon nunbers. In order to make the most of the table, it is best to read
wrbers in an overlapping fashion. To do this for two—digit nurbers, a
swo-digit long "window" is moved along the line in one-digit steps. The
resulting series of two-digit numbers on line three is:

23 34 40 06 63 38 81 15 52 29 93 33 34 42 23 31.
Similarly, the set of three-digit numbers from the same line is:
834 240 406 063 638 381 815 152 529 293 933 334 342.

The same procese can be used to produce a series of numbers with any
requirad number of digits.

The technique for selecting four "valid" random numbers (i.e., numbers of
trips appearing in the ranges established by the weekly trip list) is
virtually the same for both of the trip listing methods described above.
However, because the trip numbering methods differ for the two lists, the
valid numbers selected from the random numbers tables will also be
different.

The nutber of digits in the trip numbers to be randomly selected will vary
among transit agencies. If trips are listed continuously across all days
of the week (Method 1), then the number of digits in the random number may
range up to five (or even six) digits (e.g., if there are a total of 80,000
(or 100,000) weekly one-way bus trips).

The nurber of random nurber digits needed if trips are listed by day
(ttethod 2) will be governad by the maximum number of one-way trips on any
Jay of the week. Thus, if a system operates a maximum of 5,600 daily one-
trips on five days (Monday through Friday), then the number of digits
1l ndcie niznbers will be five, cince an extra "day of the week" digit
- the beginning of a Ffour-digit trip number.

ey
Ly

9]
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PEHE:X)l. SELECTING THE SAMPLE FROM CONTINUOQUS NUMBERED WEEKLY TRIPS.

Using the data presented in Table III-1 for continuous numbering of a 3-
route system, the procedure for selecting the sample of four trips from the
weakly list of Trip Serial Numbers is as follows:

. Choose any line of digits in the random number table (Table III-3);
line 1, for example.

. Since the Trip Serial Numbers in the listing of weekly trips (Table
TI7I-1) contain four digits, only use sets of four consecutive digits in
the random numbers table. (If serial numbers from the trip list had
five digits, then sets of five consecutive digits would be selected
from Table ITI-3).

Table III-3

EXANMPLE RANDCM NUMBERS TABLE

3554 4224 3380 8191 7393 9150 6655 1894 2309 5730
S5G67 2421 5037 9628 2348 7773 9018 5836 2898 3081
2340 C281 5293 3423 1343 2843 8400 2794 7928 9437
£14% 5561 1879 9745 469 1045 8725 1111 2984 2056
2253 819 2942 4521 1658 2548 4026 1544 4773 9130
1277 1512 5585 9032 8195 6118 6283 9884 1748 383
124 1357 3451 3076 4480 7893 6947 2099 7302 552
2855 5730 3423 969 4106 6817 5513 4687 9047 3281
14 4108 5726 4546 2288 9223 5033 9751 1669 2894
7222 9055 7982 3433 4732 1986 310 1444 6677 660

2. Rexd z2long line 1, from left to right, in "overlapping" sets of four
digite unkil four valid four—digit numbers have been obtained; i._.,
zach of the Four numbers should be within their range of numbers in the

iizoof yeekly trips shown in Table III-1. {Each four—-digit number
v -z preceding one, in that the second digit in the initial
Jigit number set becomes tha first digit in the second four-digit
Loowes zev, and oo Lorth.)
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d.

Reading from Table III-3 (the randam numbers table), the first set of
four digits is 3554. The second set is 5544 (the first number, 3, is
dropped and the number 4 in the next "unused" column is added).
Continuing along line 1 the series becomes:

3554 5544 5442 4422 4224 2243 2433 . . .

Referring to the Trip Serial Number listing in

Table III-1, the first valid random number (i.e., a number lying in the
range of 001-2261) is 2243. The next three valid numbers encountered,
in order, are:

(1) 0319
(2) 1917
(3) 1739,

Each of these four-digit numbers is circled in line 1 of Table III-3.

NOTE: Leading zeros in the fields of a random number table are often
left as blanks. These blanks should be read as zeros.

the four trips to be surveyed during the week in the example occur on
the following days and routes:

(1) 2243 : Sunday, Route 2
(2) 0819 : Tuesday, Route 3
(3) 1917 : Friday, Route 2
(4) 1739 : Friday, Route 1

By numbering trips in a sequence of days and route numbers, the burden
of having to count to determine the specific trip to be surveyed is
reduced.

Keep track of the lines and the columns that are used and the first
digit of the last valid number identified for the week's sample just
selected. For the next week's four-trip sample, begin listing four-
digit numbers as described above, but this time, beginning with the
next four-digit number following ("overlapping") the four-digit number
of the last trip selected for the previous week. Thus, the next week's
sample would be drawn from a series of numbers that begins with the
following:

7293 3939 9391 3915 9150 1506 5066 . . .
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when all of the random number pages in Appendix G have been used,
reverse the process starting from the right side of the lines, or use
sane other technique (e.g., going from the top down by column) that
does not retrace the set of numbers previously selected. Under no
circumstances should the trip numbers selected for one week, or year,
be automatically transferred to the next. If necessary, additional
random number tables should be procured to ensure no duplication among
weeks and among years.

7. ADCITIONAL COMMENTS.

a.

b.

The Daily List.

1)

Normally, a new summary table of Trip Serial Numbers will not
have to be developed every week. As long as the schedules remain
the same, he scheduled Trip Serial Numbers will remain the

same.

In general, any process that assigns a unique number to a bus
trip is acceptable. If the serial numbers have a large number of
digits, it becomes more difficult to find them in the table of
random numbers.

Sample Selection Process.

(1)

(2)

(3)

A sample s2lection process that appears to provide "more
representazive" trips must not be substituted. Doing so may
inadvertently introduce biases that cannot be evaluated by
standard statistical methods. If another trip selection process
is used, be sure that it can be demonstrated to be a random
process and that it yields estimates within the prescribed limits
specified in Chapter I of this circular.

The random selection process automatically distributes trips
according to time period, so that there is adequate
representation in peak periods. This is another reason for
strict adherence to the random sampling process.

If for some reason a trip selected for the sample is eliminated
from the schedule or terminated due to breakdown, an additional
trip should be sampled during the next week. (Sometimes the
scheduling of surveyors may require a lapse of two or three weeks
before rhe migsed trip can be replaced.)
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(4) Por surveyor scheduling purposes, the samples may need to be
choser: well in advance of the days on which the surveys are to be
taken. This is acceptable if the scheduled daily trips are
reasorably constant. If major scheduling changes occur, however,
the sample should be redrawn.

(3)  When constructing the week's trip list, replace "normal" day's
trips with the holiday trip schedule when appropriate. For
example, if Christmas were to fall on a Sunday, and workers have
Monday off, then two consecutive weeks' samples should have
revised (holiday) schedules on one of their days:

In one week, the Sunday (day 7) would run on a holiday trip
schedule; and in the new week, Monday (day 1) would have a
holiday schedule.

(6) Sampling theory assures that the sampling procedures apply to any
size agency.

(7)  The random selection of the trips assures equal likelihood of
inclusion of any trip operating on the same route (e.g., zonal,
express or shorkt-turns).

METEOD 2: SELECTING THE SAMPLE FRQM WEEKLY TRIPS NUMBERED BY DAY. The

same procedures and guidelines set forth for sample selecting using
continuous nunbering of weekly trips apply to weekly trips lists derived
based on days of the week. For example, using another random number
iisting (Table 1II-4) and the ftrip list in Table III-2 to demonstrate, we

begin on line 1, listing four—-digit numbers in sequence.

2078 0784 7845 3459 4596 5964 . . .

Only those four-digit numbers are valid whose remaining three digits are

lesz than or equal to the maximum numbers of trips on the day indicated by
the first digit. Thus, the firzt number derived from line 1 in Table III-
4, 2078, is valid since it lies in the valid range of numbers (2001-2415)
for Tuesday, as indicated in Table III-2. The next three valid numbers on
line 1 of Table IiI-4 are:

a. 4008
. 5161
<. £114

The four valid numbers are circled on Table IXI-4,



age III..._‘]_Z UMTA C 2710.4A

7-22-88

According to the trip lisc in Table I1I-2, the four trips to be surveyed
ares

a. 2073 Tuesday, Route 1
>. 4003 Thursday, Route 1
c. 2181 Friday, Route 2
d. €114 B3Saturday, Route 1.

To determine which trips (i.e., routes, times of departure and directions)
are to be surveyed each week, the trips from the schedules have to be
countzed in the szame order as when the original ranges of trip serial
= were astablicted for the weekly btrips lists. A3 the randomly
>¢ trip numbers are each reached cn the schedules for the appropriate
routzs and days, they are noted and szcheduled for survey. Thus, using the
above example, the 78th trip on Route 1 on Tuesday would be sanpled; the
Hiide! _Ily on Poute 1 or Thursday would be sampled; the 161st trip on Route 2
Ty would be sanpled; and the 114ih t-ip on Route 1 on Saturday would

EXAMPLE RAIDOM HUMBERS TABLES

2T EIDG 008 5181 1403 024 4836 2762 4204
1372 o610 9228 4264 7335 2494 1545 3095
475> 5187 2081 5887 2821 1112 349 5677 2033
3T AS44  Z241 0 5361 TAnD 707 4952 9690 28328
J1h5 2e3 0 84803 8388 6335 3300 262 2755 242 3540
CoiZ 0 22720 5034 B2OS 7715 199 6500 5€29 3654 5722

2562 853 4487 2529 3097 2734 9902 676 9189
4526 217 7264 7198 373 2786 €477 226 323 7373

TIN5 1562 £051 1450 2230 &8020 0 9542 4877
s122 3710 Y35 GTRT 0 (450 1878 7533 3341
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COLLECTING THE DATA
1. DATA ITEMS TO BE COLLECTED. The data collected from sampled trips are

sufficient to enable a transit agency to derive annual estimates of the
following required Section 15 report items:

a. Unlinked Passenger Trips

b. Passenger Miles

c. Passengers Boarded

d. Trips in Sample

e. Total Number of Bus Trips

f. Unlinked Passengers per Trip
9. Passenger Miles per Trip.

GENERAL PROCEDURIS. The procedure for collecting unlinked passenger trip
and passenger mile data requires that surveyors ride the buses on the four
trips selected in the weekly sample, and that they record the number of
passengers that board and alight the bus at each bus stop. Note that in
the survey process, the passengers are not contacted in any way. The
surveyor is positioned on the bus so that all boarding and alighting
passengers can be observed and accurately counted. During peak hours and
on crowded runs, two surveyors may be needed. Distances between
consecutive stops are determined either directly from the bus odometer
readings, by retracing the trip by automobile and recording the odometer
readings, or by any other means that gives accurate measurements. To
ensure that the total passenger mile estimate is valid, it is absolutely
necessary that the distance between stops be accurately known. The
sarpling of on-of f counts, farebox revenue and distances between stops
provides the survey information needed to estimate annual passenger trips
and passenger mmiles for the whole system.

ITHE SURVEY TRIP SHEET. A form, the "Survey Trip Sheet," that may be used
to collect the data is contained in Appendix C. It is suggested that this
form be studied carefully before reading the following instructions. A
conpleted exanple Survey Trip Sheet is also provided in Appendix C to
demonstrate the steps described below.

PRE--SURVEY PROCEDURES. A separate Survey Trip Sheet should be used for
22ch bus trip carpled. If the trip involves more stops than can be
czcorded on a single page, additional pages should be used, and the
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page numbers should be written in the upper right-hand corner

(Page _ of ). Each surveyor should carry several extra sheets in the
event that additiomal pages are required. Before the survey trip begins,
the surveyor should fill in the following items on the Survey Trip Sheet:

a.

b.

Date - The date the survey is taken.

Day of Week ~ The day of the week that the survey is taken. If the day
is a holiday, place a check (X) in the "holiday" blank, in addition to
noting the day of the week.

Trip Serial Number - The number given to each trip on the weekly trip
list (see Chapter III).

Direction of Travel - Inbourd, outbourd, westbound, or other such
desigration.,

Time Period - The period during which the sampled trip begins:

(1) A.M. Peak

(2) Midday

(3) P.M. Peak
(4) Night

(5) Saturday
(6) Sunday

Route Number - The officially designated route number.

Farebox Reading - The reading on the farebox before the first passenger
boards at the start of the trip. (This is written down only if
registering fareboxes are used.)

Number of Passengers - The number of passengers who hnarded the vehicle
at the originating stop should be recorded in colum (11). Include any
passengers who might have stayed on board fram the previous trip.

At subsequent points where the bus stops to let passengers on or off
during the trip, record the following information:

(1) The stop nurber in colum (8).

(2) The stop name or description in colum (9).
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(3) The odameter reading in colum (10). If the bus has no odameter,
or if the driver is too busy to call cut the readings, then colum
(10) should be left blank and filled in later based on a field
check or a review of detailed schedule sheets.

(4) The number of passengers boarded in columm (11).
(5) The number of passengers alighting in column (12).

Between stops, count the number of passengers cmboard and enter it in
column (13). This recording should agree with the following
calculation:

(1) passengers on-board between previous two stops
(2) plus passengers who boarded at last stop
(3) minus passengers who alighted at last stop.

For example, in the Survey Trip Sheet in Appendix C, there were 25
passengers on-board between stops #3 and #4. At stop #4, 14 boarded
armd 2 alighted; therefore, the number on-board between stops #4 ard #5
should be:

25 + 14 - 2 = 37

This number should check with an actual head count after stop #4. It
is important to check the number on board whenever possible, because
this is the key number in estimating passenger miles.

At the last stop, indicate on the worksheet that this is where the
survey trip ended (as shown in the Survey Trip Sheet example) and
record the ending farebox reading (if a registering farebox is used) in
item (16). Record the total reveme collected on the trip in item
(17). This amount is calculated by subtracting the beginning farebax
reading from the ending farebox reading if a recording farebox is used
on the trip. Otherwise, another method must be used to determine the
revenues collected on the trip (e.g., issuing the checker's portable
substitute farebox that would be amptied and counted after each sampled
trip).
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POST-SURVEY PROCEDURES. The remaining columns and totals should be

completed back at the office.

da

b.

If two surveyors are used, ccmbine the results of the two Survey Trip
Sheets into a single one. Usually, the only additional data that the
rear—-door surveyor will have is the rear-door alighting count, column
(12). However, that surveyor should also be recording items (8), (9),
and (13) so that these can be checked with the front-door surveyor.

Determine the distance between stops, column (14), from the bus
odometer readings. If the bus odometer readings cannot be obtained,
determine the diztance from system records, a map, or by retracing the
coute by automobile, or by a combination of all three. Map distances
alone may not be accurate if the route involves a large proportion of
curved strests typical of some suburban areas.

Por each between-stop distance, multiply the number of passengers on
hoard, column (13), by the distance between stops, column (14), to get
the passenger miles between two stops. Record the results in column
(15) for each between-stop distance.

XA the colums specified by the numbers in parentheses at the bottom
of the trip sheet.

{12) = columnn (11) sum = total passengers boarded.
(12) = column (15) sum = total passenger miles for the trip.

Ttams (18) and (19) are next recorded on the Weekly Record Sheet, as
dezcribed in Chapter 6 and shown in Appendix D.

{f a selectad tiip is no- operated or if an assigned surveyor misses &
nrelsowhich Jees operate, a replacement trip should be added to the
ad . [ -

1

vy ooen o four zehedulod ool i veplacement muso e
. i ot
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CHAPTER V
RECORDING AND ACCUMULATING SURVEY RESULTS
1. THE PURPOSE OF WEEKLY ACCUMULATION. The following procedures may be used

%)

to record and accumulate the survey results on a weekly basis. The
procedures are designed so that, at the end of each year, the annual
Section 15 passenger trips and passenger miles data can be prepared
divectly from the final (52nd) Weekly Record Sheet.

THE WEFKLY RECORD SHEET. The form for recording the survey results from a
weekly sample of trips is called the "Weekly Record Sheet." A blank form
and a partially completed form are provided in Appendix D.

RECORDING THE SURVEY RESULTS. The following discussion references the
completed Survey Trip Sheet and Weekly Record Sheet in Appendix C and
Mppendix D, respectively.

The Weekly Record Sheet records the totals on the Survey Trip Sheets--i.e.,
items (18) and (19)--for each of the four sampled weekly trips. On the
vleekly Record Sheet shown, note that the circled number 49 under column (5)
"passengers Boarded" corresponds to 49 passengers boarded--item (18)--on
the Survey Trip Sheet. Similarly, the circled number 304.4 under column
(6) "Passenger Miles" on the Weekly Record Sheet corresponds to the total
passenger miles-—item (19)--on the Survey Trip Sheet, and so on. Note that
the day Trip Serial Number for each of the sample trips are recorded. In
addition, the Serial Number may indicate the day of week on which the
sample was taker., Direction of travel may also be indicated if the trip

number ing method is designed to do so by the operator (e.g., odd numbers
inbound, even westbound).

I notation for "Holiday" is recorded (checked) only for a trip sampled on a
holiday. This item is not required, but it may be useful for internal
agency purposes.

The procedure requires the recording of the revenue, boarding and passenger
mile totals from each of the four Survey Trip Sheets for a week on the
Weekly Record Sheet. Data for the example Trip Sheet in Appendix C appear
in the first row of the example Weekly Record Sheet. (A fifth line is
provided in the Weekly Record Sheet for weeks when an additional

sample trip iy raquired because of a change in fare structure, policy,
and/or missed runs.)
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The other data in the example Weekly Record Sheet represent three other
hypothetical surveys taken during one week. Note that one trip sampled in
the example is shown to be on a holiday, but its data are treated just like
data from all other sampled trips.

ACCUMULATING THE RESULTS. A week's sampling should be totaled and averaged
on ithe Weekly Record Sheet. (Note that "totals" are appropriate for
"passengers poarded," "passenger miles,"™ "revenue collected," and "number
of trips sampled," while "averages" are appropriate for "revenues per

passenger"  and "revenues per passenger mile.")

Tha precess of weekly accumulation can save time at the end of the year
when the UMIMA Section 15 report is due. Yeep a running total of the
resusts.  The estimates of annual passenger trips (boarding) and passenger
miles are derived from UMIA Annual Reporting requirements from the last
three colums on the final Weekly Record Sheet for the fiscal year. The
steps in the derivations are given in the following chapter of this
circular.

finaily, it iz noted that data are accumulated from one week to the next
nly up €0 e point of a change in fare policy. The cumulative process
SNoULd started anew at the tine that any fare change is introduced. In
chat way, pessengers and passenger miles are calculated separately for each
so-dafinad period during the year and then summed for all periods to arrive

't amual totals and cumulative averages at the end of the fiscal year.

ot

[t

b

t

]

'
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CHAPTER VI
COMPUTING ANNUAL PASSENGER TRIPS, PASSENGER MILES
1. USING WEFRLY RECORD SHEETS TO PRODUCE ANNUAL ESTIMATES. Cumulative

information from the Weekly Record Sheets is used to estimate the number of
passengers boarded and passenger miles for the year. If the fiscal year
has more than one sampling period (i.e., if there is a fare change), then
the estimates of total passenger trips and passenger miles must be done
separately by sempling periods and then added to arrive at fiscal year
totals.

SSTTHATING ANMUZL U7 TMKED PASSENGER TRIPS. Passenger trips for each
fiscal year are estimated by dividing the "total annual system-wide farebox
revenuaes" derived from all trips eligible to be sampled (including trips
actually sampled) by the final cumulative average "revenue per passenger”
derived from the last Weekly Record Sheet of the fiscal year:

Total Annual System

ESTTMATED UNMLIIKED = Farebox Revenue
PAGSENGER TRIPS Cumulative Average Farebox Revenue

Per Unlinked Passenger Trip

It should be emphasized that passenger revenue collected through passes,
tokens, or other payment mechanisms for which there is no on-board fare
collection are to be excluded from the annual total of system-wide farebox
revenue. Revenue collected aboard trips which are not eligible to be
sampled must likewise be excluded.

Mote that the form shown in Figure VI-1 and Appendix E is designed to
accaodate five separate sampling periods plus the annual totals and
averaces. Each of the data items appearing on the form should be filled
out for all sampling periods as might exist in any given year (as
determined by the occurrence of fare changes). Any extra periods on the
form should be crossed out (¥), and the spaces for data below them not
used. If the number of periods in the year exceeds five, then additional
foris sbould be added as required and numbered accordingly.

SYTT TG ARMAT, PASSTMGER MILES. An estimate of passenger miles for the
iscal year is obtained by dividing the total annual system farebox revenue
v the final cumlative average "revenue per passenger mile" derived from
che lazt Teekly Record Sheet of the fiscal yean:
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Total Annual System
ESTIMATED UNLIMKED Farebox Revenue
PASSENGER MILES Cumulative Average Farebox Revenue
Per Passenger Mile

If separate sampling periods are necessary, passenger miles should be
calculated in the same way as was described above for passenger trips,
i.e., by summing individual estimates across periods for the fiscal year.

ALLOCATION OF AMIUAL TOTALS TO TIME PERIODS. Once these annual totals for
passenger trips and passenger miles are calculated, the allocation of each
among time periods and/or days (according to the definitions of time
periods in Npperdix A and the UMTA Section 15 reporting forms 406 and 4063)
can be done.

The allocation approach is to assign the year's total unlinked trips and
passenger miles to the six time periods according to the proportions of
sampled unlinked trips and passenger miles in each of the time periods. To
distribute passenger boardings by time period (Y), for example, the
following procedure is used:

Annual Sampled

MULIBER OF Bstimated Boardings in
PASSICER TRIPS = Total Annual ® Time Period "¥"
IN TIME Passenger Trips Total Annual
PERIOD "y" Sampled Boardings

where "Estimated To:al Annual Passenger Trips" is derived from the
procedure described above, and the "Annual Sarpled Boardings" and "Annual
sampled Boardings by Time Period 'Y'" can be determined from the Weekly
Record Zheeks.

Sindlarly, for estinating paszenger iwiles by time period, the following
relationship is useds

Annual Sampled

WUMBER OF Estimated Passenger Milegs

PASSTICHR MILES = Total Annual x in Time Period "Y"

ILP TIME PERIOD "y© Passenger Milesz Total Annual Sampled
Paszenger Miles

or Section 15 reporting by
wday, Saturday, and Sunday

toeols only.
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APPENDIX A
DETERMINATION OF TIME PERIODS

A form for indicating your service periods appears on the next page. The
following definitions apply to that form.

SERVICE TIMES
Time A.M. Service Begins - The earliest time in the morning when a bus

begins its first trip after the break between night service and morning
service. Yor 24-hour service, assume that service begins at 2400.

Time A.M. Peak Begins - The time in the morning when additional service is
provided to handle higher passenger volumes.

Time Midday Begins - The time in the morning when normal scheduled (base)
headways are resumed.

Time P.M. Peak Begins — The time in the afternoon or evening when service
13 again increased to handle higher passenger volumes.

Time Might Service Beqins - The time in the evening when the P.M. peak ends
and normal scheduled night headways are begun.

Time liight Service Ends — The time that the last bus ends its last trip.
This may be in the early morning (e.g., 2:00 A.M.). For 24-hour service,
assume that night service ends at 2400.

SERVICE PERIODS

A.M. Peak ~ The period between the time when A.M. Peak service begins and
the time when Midday service begins.

Midday - The period between the time when Midday service begins and P.M.
Peak service begins.

P.M. Peak - The period between the time when P.M. Peak service begins and
tight service begins.

Might - The per:od beiween the time liight service begins and A.M. Peak
service begins, Noie that this includes part of the early morning service
Jjust pefore the aucl, veak.

CLASEIPICATION OF BULS TRIPS
£obus trip is clazsified inko one of the four time periods listed above

Qceording to the time when the trip begins., All trips are classified into

the tije period when the krips begin even though they may be regarded as
Leing in the "base schadule."
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Form 401 7=22- "

TRANSIT SYSTEM SERVICE PERIOD SCHEDULE

Fiscal YearEnd [T ][ T ][ [ |

Month Day

Year

h

Level I I
Mode [::]

wine
No.

ITEM

WEEKDAY SATURDAY

SUNDAY

01
02
03
04
05
06

LIMITS OF SERVICE PERIOD:
Time Morning service begins
Time AM PEAK service begins
Time Midday service begins
Time PM PEAK service begins
Time Night service begins

Time Night service ends

07
08
09
10
11
12

TOTAL HOURS

Morning period

AM Peak period

Midday period

PM Peak period

Night period

ENTIRE DAY -- TOTAL HOURS

Date Prepared

Date Updated
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APPENDIX B

WORKSHEETS FOR CONSTRUCTION OF WEEXLY BUS TRIP
LISTS AND TRIP SERTAL NUMBERS

Method 1: Numbering Continuous Across All Days of the Week

Method 2: Numbering Separate by Day of the Week
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APPENDIX C

SURVEY TRIP SHEETS
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