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B. INTRODUCTICON

Yun dlaportance of the external cordon line origin-destination
SUrvey in relation to the other functions of a4 comprehensive
transportation plauning program has iong been recognized by private
and governm=ntal planning bodies. The survey is widely recognized as
the most reliable means of establishing current travel patterns for
the internai to external angd through trips of the study area. Too
often, howaver, the magnitude of this portion of the study in terms of
cost, manpowar, and pure bulk of data collected has resulted in a
L2source drain which could have been more advantageously applied to

other phases of the stady.

Phis raport addresses the problenm of-determining procedures for

estimating the desirable amount of 0-D data to collect.



C. OBJECTIVES

This research study is composed of two main parts, the objectives
of which ar2: 1) to determine whether the characteristics of outbound
traffic crossing an external cordon line are acceptably mirrored by
the cnaracteristics of the inbound traffic for a twenty-four hour
pariod, and 2} to evaluate selected time periods as statistical bases
for the expansion of interview data to a tventy-four period.

For the first part, three basic travel characteristics are to be
investigated and used as a basis for defermining the validity of the
followingy hypothesis: *"Inbound traffic patterns are effectively
mirrored by outbound traffic patteras.™ First, does the distribution
of trip origins by zone of the outbound traffic compare favorably with
the distributien of trip destinations by zone of the inbound traffic
for 4 tWwenty-four period? Second, does the trip purpose distribution
of the 1nbound trips match the purpose distribution of the outbound
trips? Finally, how well do the trip length fregquency distributions
of the inbound and outbound trips compare? A statistically reliable
correlation for these three arsas of concern would allow the
conclision that the hypothesis is valid within a predetermrined level
of raliability.

As a soecond phase of the research project, various sample time
pariods of the day are to he selected and expanded to represent the
total twenty-four hour traffic volume. These selected periocds will
then be o2valuated in relation to the full 24-hour interview data for
both directions. TIf the expanded origin-destination trip matrix from

a selected time period adequately reflects the characteristics of the



total aniverse of interviews, then it can be reasonably assumed that
iaterviewing for fewer hours will adeguately provide the required data
Dase.

spaecifically, the major objective of this study is to permit a
more knowl=djeable evaluation of the alternatives available with
raspect to planning and desigyn of an external origin-destination
survay, resulting in greater economies of funds and an increase in the
confidance in the data obtained.

The origin-destination data used in this research project was
obtained irow an external origin-destination survey conducted in the
Longview-Kelso, Washington area in August, 1967. There were eight
external interview stations (Figure I-1). At four of these,
interviews were obtained for a twenty~four hour period in both
direstions and at the remaining four, interviews were obtained for
thirte=n daylight hours only, also in both directions. This accounted
for a total of nearly 37,000 personal auto-driver interviews. The
four tw=nty-four hour stations accountesd for 85% of the total traffic
crossing the exterral cordon line while the remaining four stations
amountedl to 14% of the total crossings, resulting in nearly all the
traffic being represented. Table I-1 shows a summary of the external
interviaw stations by volume and number of interviews collected. The
average iatarview sample rate varied from a low of 45% at station #6
to a hijh of nearly 88% for station #3.

The enormity of this data is probably an example of statistical
"over-sampling” however, it does provide a stable population for use
in comparing inbound and outbound samples for goodness of

distripution, trip purpose and trip lengths.



D. ABSTRACT

Ph= primary travel characteristic in guesticn is the mirroring of
the majeitulde and distribution of the inbound trip patterns to the
pattarns of the outbound trips. The linear regression analysis for
the internal-extearnal (IE) trips plotted by direction and zone volume
proviied a correlation of 0.9885 for all survey stations combined.

The association of the reyressionm lines with the expected 45° line
when plotting inbouni versus outbound trips by zone is a second
indicator, and showed an average intercept of about +2.6 trips with a
slop2 ot 0.389, The standard error of the estimate was calculated to
be 37 trips for all stations combined. The average number of trips
per zone is 237.5.

A similar analysis of the external-external (EE) trips produced a
reqression correlation of 0.9954 and the regression lines had an
average intzarcept of +1.5 trips with a line slope of 0.996.

In addition to studying the distribution of the trips by zone,
the 0-D data was stratified into four purpbses: 1) work, 2) personal
business and shopping, 3} social recreation, and 4) other. Percent
trips by purpose and by direction were calculated and for all statioams
combined thare was less than a 2% discrepaancy for any single purpose.
The best mitch was vork trips {0.4% difference) and the greatest
differencs vas in the social-recreation trips, with a 1.9% difference.

A comparison of the distribution of trips by trip length was
final arza investigated. For IE trips inside the cordon line the
inbound direction showed an average trip length of 8.86 minutes with a

standard daviation of 3.44 minutes ani the outbound direction produced



an average trip length of 8.89 minutes with a standard deviation of
3.43 minutes.

Th2 total analysis performed shoss a very high degree of
association between directions of interview for the studied
charactzaristics of trip ends, trip purposes, and trip length
distributions for the Longvievw~Kelso, Washington area.

In analyzing the data it was found that the inbound direction was
statistically closer to the expected distribution than was ocutbound,
however; the difference is small {about 2 trips difference in the
standard error). Tha two trip difference should not be construed to
iniicate that inbound interviewing is "better" than outbound, but
rather that the difference is so small that, in fact, the two
directions “mirrer" one another.

The second part of the research study dealt with determining the
optimum time period for interviewing, Sample time periods ranging
from three to eleven hours in each direction anad both directions were
selacted and comparad to the total 0-D file. Standard deviations were
calculated hy purposa for each sample indicating how close each one
approximated the distribution found in the universe. The best time
p2riod test~d was a four hour sample in both directions from 2 p.m. to
6 p.n. which resulted in an overall average standard deviation of 14
trips, which indicates that 68% of the zones were numerically less
than 14 trips different than the universe. Since there are about
60,000 trips in total, this difference is acceptahle especially when
one consilers the numerous other phases of a comprehensive
transportation planning study where uncalculated probablistic

decisions are necessary.



E. CHAPTER 1
PROCEDURES

The data obtained from any external origin-destination survey
around an urban area contains two types of trips: 1) internal-
axteraal (IT) trips having cne end inside the cordon and the other end
outside, and 2) external-external (EE) trips having both ends of the
trip outsils the cordon line. These tvo trip types are frequently
analyzed 1ifferently and used in diverse applications so it was
nacessary to determine if each type independently displayed the
mirroring effect under investigation.

Th= actual origins and destinations obtained in any external 0-D
survey are normally dispersed over a large geographic area and,
depending on the kind of analysis for vwhich they were gathered, are
manually coled to a fixed set of analysis‘zones. The trips which end
outside 5f the cordon line may be coded to large zones throughout the
State such 1s counties or they may be coded to the external stations
at which they were intercepted. Both of these zonal arrangements are
discussed and investigated in this research paper in crder to
datermine tne extent that the mirroring effect is applicable, if at
all., To acconmplish this task, the origins and destinations vere
originally coded to a base array of 541 analysis zomes. Of these, 131
ar> inside the study area, 391 are codes for cities or areas inside
tha Stat~ of wWashingtoa and 19 are extermal to the State. For the
rascarca study, the analyses could be performed with greater economy
if fewer zones were usad in the compariscns of trips, so the 541 zomes

were jrouped into larger districts, both inside and outside the study

cordon lina.



The origins and destinations were recoded to provide three basic

configurations for use in the researcch.

Confijuratiou 1. Trips inside the cordon {66_zones).

All internal-external trips in the inbound {IE~IB) direction
begin at an external station where they were intercepted and end
inside the cordon. All internal-external trips in the outbound (IE-
OB} direction begin inside the cordon and end at an interview station.
All oxt=rnal-external trips regardless of direction (EE-IB or EE-QB)
b2yin and end at the cordon line.

This configuration allows for the determination of whether the
distribution of the 0B origins mirrors the distribution of the IB
destinations for trips as far as the cordon line but not beyond,
Lepr=sentiny the type of situation used in a transportation study.
The corion area is the original 131 zones collapsed tc a total of 66
zones, 58 of which are zones inside the cordon and 8 are external
interview stations on the cordon itself.

Configuration 2. Trips outside the cordon (48 Zones) «

The cities inside the state were recoded (collapsed) into a set
of 43 zones corresponding to counties for the most part. The
proximity of the study area to the Washington-Oregon torder required
that some special zones be created to accommodate special areas of
trips. The zones inside the cordon were collapsed to one "area", for
Longview and Kelso. The remainder of Cowlitz County was divided into
three zones.

This zonal organization allovs for the anlysis of directional

distributions for the trip ends beyond the cordon line and also for



trip purpos> compariscns for the trip eads beyond the cordon line.

Configuration 3., Trips_outside the cordon_{406 zones).

In order to analyse the trip length frequency distribution for
the trips outside the cordon line an existing street and highway
network was utilized which was composed of all state and interstate
highwiys in Washington as well as connections to border states and
Canada. The zone numbers as originally coded correspond with the
cantroid numbers of this network.

rnese three zomnal configurations allovwed the analysis of the
dasired travel characteristics without altering the statistical
reliability of the information. Also, a smaller sample size (number
of zones) was achieved for cost econcmy of the analysis while
maintaining samples large enough for accurate statistical comparisons.

This raeport contains the summary data from the research study for
all the interview stations combined. A file of the voluminous
background material is compiled and contains the individeal station
analyses as well as the techincal data on computer techniques used in

data editing, reformatting and trip expansion procedures.



P ——

N N .,.. " o~ !

10




INTERVIEW® STATICN VOLUMES

AVERAGE WEEKDAY AVERAGE
STATION 24-HOUR NUMBER OF SAMPLE
NUABER ROUTE __ VOLUME INTERVIEWS _RATE__ _
1 SR 411 3,372 2,517 74.6%
2 COAL CREEX RD. 1,513 1,282 B4.7%
3 s 4 5,572 4,901 87.9%
4 MEMOKTIAL PARK 560 442 78-9%
5% SR 433 7,738 6,179 79.8%
6* INTERSTATE - 5 19,823 8,943 45.1%
7 Us 99 2,176 | 1,474 67.7%
3% INTERSTATE - 5 19,034 10,883 57.1%
TOTAL - 59,788 36,621 61.25%

* Indicates 24 hours of interviewing

TABLE I-1



F. CHAPTER IT
TRIPS TO THE COQRDON LINE
For this part of the analysis a total of 66 '‘comgressed?! zones
were used: 58 inside the cordon line (internals) and eight external
stations at the cordon line. The two types of trips, IE and EE, were
handled separately in the comparison procedure but are summarized

together in Table II-1 below.

ITRIPS_TO _THE_CORDON

iE EE TOTAL

INBOUND 13,938 15,919 29,857

QUTBOUND 13,641 16,291 29,932

TOTAL 27,579 32,210 59,789
Table II-1

e e . it e g et

The distribution of trips inside the cordon line for each of the
external stations was the first part of the analysis for the IE trips.
The eight external stations were omitted as abservations themselves
since, 1) the distribution inside the cordon was the ma jor concera and
2} the EE trips were to be handled separately. This left a sample
size of 58 for each station for each direction.

To dctermine whether the observed differences of inbound versus
outbound trips by zone were normally distributed it was decided to use
a percentage value instead of the actual quantity of trips. This was
done to normalize differences in station volumes and to make the

histograms more ccmparable. Each zonal observation of trips was



trausyenorated to a percentage by dividing by the total trips for that
station and direction. In addition, this process allowed for an
accountinyg of the slight differences in total trips by direction which
rasulted from the expansion procedure. The calculated percentages
were then subtracted, inbound minus outbound, and histograms were
constructed of the percent differences. Figure II-1 shows the
histogram of I-E trips for all stations combined and the normality of
the distripution is apparent. The mean value of the observations
will, of course, he zero since the data represeated are percentages
and the percent differences, plus and minus, will sum to zero. The
standard d2viation of 0.2687% indicates that 68.27% of the
opservations (about 40 zones) are within the range of 0.0 (mean) plus
or minus 1/4 of one percent, (a value of 37 trips per 2zone) which is
normally an acceptable error, especially when the histogram shows that
in no case does the difference exceed one percent for all stations
combined which represents about 140 trips. -

REGRESSION:

A regression analysis was performed comparing inbound
destinations to the outbound origins for the 58 internal zomnes for
each station seperately and one for all stations combined. Scatter
plots ware constructed using the IB destinations on the X-axis and the
0B origins along the ¥-axis. 1If a perfect mirroring were to take
place, all points in the plots would fall om a #4#5° line of ¥Y=X, and,
naturally this is not the case. Figure II-2 which is a scatter plot
for I-% trips for all stations combined, does indicate a high degree
of correlaticn both visually and statistically. The two eguations

from Figure II-2 are the result of each direction being used as the



indepeniznt variable and the other dependent. The 'Y' equation
(73=3.1285+0.9449%18) indicates that as a result of the regression
where 13 was independent that the OB trips could te calculated by
usingy this ejquation. Comparing this and the *y* eguation to the
axpectad 4592 line it can be seen that the intercept (-2.9348) and the
slope (1.0343) of the X! egquation is somewhat closer to the expected
intercapt of zero and slope of 1.00, however either relationship is
acceptable in determining the number and pattern of trips in the
opnosit2 Jirection. The direction chosen for interviewing should
depend on the conditions at any particular study site such as peaking
charactaristics in each direction, general trip purpose distributions
and any physical constraints.

Tte standard error of the estimate has properties analogous to
the standard deviation, and was calculated for each station for both
variables. 1If, for example, lines are constructed parallel to the
regra2ssion line of Y or X above and below a vertical amount equal to
one standard error than it can be said that 68.27% of the observations
would be included between these lines. Standard errors of 36.00 trips
(inbound independent) and 317.67 trips {(cutbound independent) were
calculated for all stations combined using the IE trips.

These taree statistical checks (percent difference, linear
regr2ssion, and standard error) are summarized by individuwal station
and for all stations combined in Table II-2. The summary shows the
same high degree of correlation on an individual station basis as well

as for all stations comnbined,



FOr thoa external-gsxternal trips to the cordon line the zones are
actually the eight external stations. Figure II-3 shows the expected
45% line and the regrassion lines for the EE trips. The sample size
{(eight) is swall and even through a correlation coefficient of 0.992
¥as calcualated, more substantial analysis was indicated.

Phus, in Chapter 1V, the IE and EE trips are carried beyond the
cordon linc to the actual county of their destination im order to

determine if the correlation demonstrated here holds as well for that

zonal confijuration.
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CHAPTER IIZX
TRIPS TO COUNTIES

[k~ 541 original zones were grouped into 48 county size zones.
The zones inside the cordon became one county (number eight) and other
Spacial arcas such as Rainier and Portland, Oreﬁon ¥ere recoded to a
separat= county zone also. With the study area compressedAto a point
source and the cordon line eliminated as an end for the trips it was
possinla to analyse the trips on a statewide basis to determine
whether the airroring as determined ia Chapter II for the study area
also holls true for statewide area. Similar analyses to those
pertormeld for the study area zones were accomplished for the county
zones, le, reqgression, standard error and percent difference. The

breakdown of the total trips by direction angd type is shown in Table

I1r-1,
IRIPS_TO_COUNTIES
iE EE TOTAL
INBOUND 13941 15917 298558
QUTBOUND 13641 16285 29926
TOTAL 27582 32202 59784y

TABLE III-1

A histogram showing the percent differences for the total I-F
inbound and outbound trips to the county zones was developed (Figqure
I1I-1). The standard deviation is 0.1985% or about 43 trips per zone.

Th2 regression plot for the IE trips, Figure III-2, shows a high

deyree of correlation hetween the expected 459 line and the regression



lines (0.9993). The standard error of the estimate for all stations
combined in less than 44 trips. One reason for the exceptionally high
corralation is the small number of counties which actually had origims
or d=2stiniations to them. The 32 zones with no trips ia or out had a
decided influcnce on the correlation of the data. The plot does show,
however, that the other 16 zones are near the expected 450 line.

The summary statistics for each station and for all stations
combined are shown iam table ITI-2. Since the average number of I-E
tripends per zone is 281.45 and the standard error of the estimate is
less than 44 and there is a good correlation from the regression, the
conclusion can he made that a mirroring of the directional traffic
exists both in magnitude and distribuition.

The through (EE} trips to the counties exhibited similar standard
ieviations, correlations, and standard errors as those from the I-E
trip group. A mirroring of the directional traffic is also concluded
for the E-E trip group. Fiqure III-3 is a histogram showing the
percentage difference for traffic for this group. TFigure III-4 is the
regression plot and table IITI-3 shows the summary statistics for each

station and total trips for the E~E trip group.
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CHAPTEE IV

TRIP PURPOSE

Tn addition to assuring that trip end distributicns were mirrored
satisfactory by direction, it was also necessary to check trip purpose
compatibility for the interview data by station and direction. On the
ariginal interview form “fronm purpose" and "to purpose" was coded,
each having a range from zero to nine. These purposes were combined
ani collapsed into four general purpose categories of 1) Work, 2)
Personal Business and Shopping, 3) Social-Recreatiom and 4) Other.

The recode and collapse procedure did not influence the results
of the purpose comparisons as it was performed uniformly and before
any 18-03 checks were made, It is likely that some differemces in the
purpose categories which were grouped into the "other" Purpose (serve
pass-=njer, school, eat meal, etc.), vwhich were a small percentage
overall, may have been clouded by compensating differences. These
purposes ar= generally not handled independently, however, and their
groupiny into the "other" purpose category is a reasonable procedure.
Tabla IV-1, below, shows the trips by purpose and direction for all

stations combined.



TOTAL_TRIPS_BY PURPOSE_CATEGORY

TYPE HORK PBES S=RC CTHER TOTAL
IE I3 4,960 4,148 3,623 1,210 13,941
IE 03 4,758 3,9M 3,825 1,091 13,645
EE I3 1,821 2,358 9,881 1,855 15,915
ER 0D _1,949 _2,348 10,280 _1,711 16,288
TOIAL 13,488 12,825 27,609 5,867 59,789
I TOTAL 5,781 6,506 13,504 3,065 29,856
{22.8%) (21.8%) (45.2%) {10.2%)
0B TOTAL 6,707 6,319 14,105 2,802 29,933
{(22.4%) {21.1%) (47.1%) { 3.4%)
Table IV-1

Bar charts were constructed for each external station for IE and
EE trips shoving the percentage of the inbound and outbound trips by
parpose. Figure IV-1 shows the bar chart for all stations and all IE-
EE trips combined. The mirroring effect is demonstrated by the bars
being of nearly eqgual height. The bar charts for each individual
station are included in Appendix A and the mirroring is indicated on
this level also.

As may be expected the social-recreation trip purpose shows the
most variation on a percentage basis prokably due to the fact that

vacation travel patterns are generally less predictable than other

purposes.
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CHAPTER ¥

TRIP LENGTH

The final trip characteristic investigated was trip length
fregquency distribution. Two networks were created for the calculation
of the trip lengths, one for the street system inside the cordon, and
one for statewide and beyond. The trip lemgth frequencies are
mirrored if the plots are generally coincident one with the other.

Zone to zone travel times from the networks were calculated and
compared with these trip tables.

Table V-1 shows summary average trip lengths and standard devi-
ations for the various categories, and Figures V~1 thru v-4 show the
trip length frequency plots. As expected frequency distributions for
the different types of trips vary significantly, however the two di-
rections inbound and outhound are mirrored well for the same trip
type.

The largyest discrepancy, inbound versus outbound, is for the IE
trips to the corden line in the five to seven minute range., This is
mainly 3 result of the relatively gross level of detail to which the
internal higyhway network was coded. The inbound trips may use differ-
ent links than the outbound, resulting in different trip lengths.

Overall, the plots indicate a good balance by direction with the
differences small enough to assume reliability for all trip types.
The average trip lengths and the standard deviaticns cf these trip
lengths for each direction for each trip category selected were very
closa., The largest difference observed being in the statewide EE

trips of 11,/2 %.



TRIP LENGTH FREQUENCY DISTRIBUTION SUMMARY TABLE

NETWORK TRIP AVG. TRIP STANDARD
USZD ___ DIRECTION TYPE LENGTH_(min.) DEVIATION
Internal Inbound IE 8. 86 3.43
Outhound IE 8.88 C 3.42
Intound EE. 7.93 3.23
Cutbound EE 7.95 ' 3.23
Statewide Intcund IE 38.17 44,72
Outbouni IE 38.18 45.53
Inkound EFR 275.60 186.03
Cutbound EE 280.14 189.03

TABLE V-1
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CHAPTER VI

SAMPLING SELECTED TIME PERIODS

Introduction

Having determined that inbound travel characteristics effectively
mirror the outbound for the twenty-four hour period, the second phase
of the study was undertaken. This phase was to determine if
acceptanle rasults could be obtained by interviewing only selected
hours of the day and expanding the interviews to represent daily
travel by means of expansion factors.

A population data base from which samples could be selected was
constructed using all the interview data for all stations in both
directions. This universe was separated into the four general trip
purposes of “ork, shopping, social-rec, and other for each station.
The time periods chosen as samples could then be evaluated for their
trip end distributions by trip purpose by station.

The results cbtained by the comparison of sample data to the
universe, can be evaluated by designers of poteantial external 0-D
studies to determine which hours to interview for their own needs and

study area.

Sample Selection_Procedure

In deciding which hourly periods would be chosen for testing
against the universe, only those hours which would reasonably be
expectad to represent the purpose distribution in the universe and
those that would be logical and efficient from the standpeoint of

manpower utilization were selected. Time periods of three, four,



seven, ~iyht, and eleven hour duration were selected, each of which
included at least oﬁa of the AM or PM peak periods.

While there are numerous combinations of time periods which could
be investigated, it was decided that durations of less than three
hours would be acceptable only for very specialized surveys and
secondly tha* periods longer than eleven hours defeat the objective of
minimizing the effort in terms of time, manpower and cost. The
process of obtaining the sample was composed of three steps:

1} Salect the inter#ieu from the population master file by

hour and direction;

2) Expand the interviews to 24 hours and recode zones and
purpose.
3) Build matrices of the results by station, zone and purpose.

The sample tables built in this manner are now in the same format
as the universe tables. Subtracting the sample matrix from the master
matrix resulted in a differences matrix containing positive values in
cells where the master was higher and negative values where the sample
matrix had more trips. Each cell of this differences matrix for each
purpose, was treated as an observation im the analysis. By assuming
the differences (positive and negative) normally distributed a
standard deviation was calculated to get an estimate of the confidence
level of the observed Jifferences.

The sample periods tested which contained only one-directionmal
invervi=aws (IB or 0OB) were factored by applying a doutle expamnsion
factor. This was necessary to bring the samples up to a full two way
traffic control volume. The samples selected which contained

interviews from both directions did not require this doubling since



both directions are represented after the normal expansion factors are
applied. 1In all cases, after the factoring was completed all the
through (EE) trips were included twice since they or amn egquivalent
trip were accounted for once upon entering the study area and again
upon leavinjy. Since these trips are doubled, and the EE cells of the
differences matrix are doubled also, a procedure was developed to
averaye and halve symmetrically opposite cells of the differences
matrix for the E-E trips i.e., cell {5,2) and cell (2,5). This step
normalized the EE trips to the same base as the IE trips.
Ihe_Samples

The time periods listed below uere tested in each direction 1B,

0B, and bothvays combined, except as noted:

2 -5 PHM {3 hours) {B¥ only)
7 - 11 aM (4 hours)
2 - 6 PY (4 hours)
7 AM - 6 BM {7 hoars)
11 AM - 6 PM (7 hours)
7 - 11 AK & 2 - 6 PH {8 hours)
7 AM -~ 6 EH (11 hours) (not BW)

In addition to the above, a twenty-four hour sample in the
oubound direction was used to provide a benchmark of the magnitude of
the minimum 2rror which could be expected. This assumes subjectively
that twenty-four hours would be the maximum number of interviews one
would collect and further that the differences cbserved will pinimize
as the number of interviews increase.

A Comparison of the universe data and the 24 hour outbound sample

(Table VI-1) shows this reference point and will aid in explaining the



summiaries of the other samples. These tables used in conjunction with
general yguidelines are intended to provide information necessary for

ascertaininy what interviev time periods should be used for a proposed

axternal 0-0 survey.

COMPARISON OF UNIVERSE DATA TO 24 HOUR OB SAMPLE

UNIVERSE %TRIPS SAMPLE LTRIPS STD.DEV,
2URPOSFE TRIPS UNIVERSE TRIPS_~ SAMELE  DIFFERENCE
work 13,465 22.6% 13,420 22.4% 7.17
Personal Business 12,808 21.5% 12,637 21. 1% 6.65
and Shopping _

Social-Qiec. 27,593 46.2% 28,207 47. 1% 8.64
Other 5,841 9.7% 5,609 0.4% 4.78
TOTALS 59,707 100% 59,873 10C% 7.52%
* Means weilghted standard deviation = ((%Trips) * Std.Cev)

TABLE VI-1

In reviewing these tables, it is important to remember that the
factors calculated both for this sampling process and for the data in
Chapter II controlled on station direction, hour, and vehicle type but
not on trip purpose. Therefore two basic data items should be
consid2red: 1) how close is the sample to having the froper percentage
of trips for that purpose category? and 2) how good is the
distribution of the sample data by zone as measured by the standard
deviation of the differences? The percentages by purpose of the
twenty-four hour outbcund sample data ccmpare to the actual
percentages in the universe very closely with the largest observed

difference of only 0.9% in the social-recreation category. The

- 40 -



standard deviation of the differences between the sample and the
universe is the indicator of how well the sample observations were
distributed un a zone to zone basis. The common and actual usage of
this value is that a normal distribution is assumed and that 68.27% of
the observations will be within the range of one stamndard deviation on
either side of the mean. The values of the standard deviation
obtained from this test are the best that could reasonably be
achieved, in a sample of less than 24 hours. Por the work purpose as
tabulated 99+ percent of the zones will be different from the universe
by less than 15 trips and similar errors are evident for the other
purposes in the 24 hour samgple.

Th> summary of the time periods tested is included in Table VII-2
and shows averaye standard deviations ranging from a high of 34 trips
to a low of 14 trips, If the variability from the selected test
period is considered small, and if the consequences of the variability
will not be significant, then we may often choose to ignmore it hy
assuming that the results will be equal to the hest estimate
available. Some general statements can be made regarding the summary
tables which may assist in their interpretation.

* The bothways sawmples are combinations of the inbound and
outbound data so that eccentricities tend to be smoothed.

* The cost effectiveness of a bothway sample (which contains many
more interviews) will depend on the station volume and the value of
the increased reljability.

* The IB 7-11 AM period does not mirror the OB 2-6 bﬂ period.

* Each purpose must be close to the actual percentage or the



standard deviation will be large, however, ever if the percentages are
Close the standard deviation may still be excessive.

* Longer interview periods do not necessarily improve the
probability of afpproximating the universe more closely.

* The best time period for the Longview-Kelso area may not be the
best one for other areas, for example, saaple #5 (11 am to 6 pm bothways)
wouldl pe much better overall if there were 50% work trips and 20% social-
rec instead of the actual percentages of 22.6% work and 46.2% social-rec.

The three hour sample from 2 PM to 5 PM bothways was tested to

determine how much the error would increase over the 2 PM - 6 PN sagzple.

The results of this test are as follows:

Work 14,035 trips (23.5%) $D=17.7

P.B.5S. 14,047 (23.5%) 5D=16.8 Weighted Average

5-Rec. 27,009 {45.2%) 5D=18.38 Standard Deviation = 19
Other 4,675 { 7.8%) SD=26.6

This shows that the 2-5 PM sample has an increase of five trips in the
overall standard deviation when compared to the 2 - 6 PM sample. The
percentages by purpose are somewhat closer to those found in the actaal
distribution except in the personal business and shopping category,
however, the difference is slight.

An additional aid is provided which is a summary table from the
master file., Table VII-3 is a cross tabulation of trips by purpose and
hour for both directions combined. This table is a summary from the
master O-D file and is provided as an additional investigative aid. For
the Lonyview-Kelso area it becomes apparent which hours contain the
majority of the trips for each purpose and a sample time period could be

selected to accentuate the sample for the desired results.
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PURPOSE BY HCQUR TABLE FROM BMASTERY FILE

PERSONAL
HOUR HORK BUS. &_SHOP SOCIAL REC. OTHER TOTAL
00 138 24 409 155 726
01 79 14 244 138 475
02 97 22 163 151 433
03 53 13 84 58 208
ou 119 9 128 145 401
05 211 21 126 144 502
06 815 o 264 170 1313
07 2190 265 550 258 3263
08 813 495 781 313 2402
09 576 776 1473 319 3144
10 525 891 1852 335 3603
11 424 1074 2121 317 3936
12 500 1027 2049 327 3903
13 558 988 2013 379 3938
14 733 1000 2003 379 4115
15 967 1015 2054 362 4398
16 1533 1202 16806 314 4855
17 1381 1062 1902 276 4621
18 503 868 1808 231 3410
19 302 787 1715 207 3011
20 171 447 1186 181 1985
21 191 421 1110 212 1934
22 269 266 975 225 1735
23 342 76 793 2711 1482
TOTAL 13490 12827 27609 5867 59793
PERCENT 22.56% 21.45% 46.17% 9.82% 100. 08
TABLE VI-3



CHAPTER VI1

COKCLUSION

PUHASE { - LNTERVIEW PERIODS OF TWENIY-FOUR HOURS

Jverall, it is clear that there is a high degree of correlation,
batween tae intound and outbound, trips characteristics for the
Louyview-Kelso area. It has been shown that the trip engd
distribntions, trip purpose distributions, and trip length frequency
distributions mirror each other sufficiently well to warrant the
dacision taat interviewing motorists in one direction for tventy-four
liours will provide adequate information for both directions. To
obtain 4 usable two directional trip table the internal to external
trips woull be doubled. It has been shown that the mirroring effect
is valid ftor several types of analyses, long and short distance trips,
IE trips and EE trips, and for different zonal re-organizations of the
trip origins and destinations.

Investijation of the data detailed by individual stations
indicates aore variation in the apalyses than is apparent in the tests
Usifiy all the data combined. This result is expected, just as it
might be eaxpccted to find a larger discrepancy in trip end
distribution comparisons if they had been analysed separately by the
Niae oriyinal trip purposes. It was practical and necessary to (1)
handle IE and EE trips Separately, (2) perform trip purpose
comparisons, for the four general trip purposes only, (3) plot trip
langth frejuency distributions and {4) check the trip end
distributions inside and outside the cordon line. It is obvious that
any number of combination of trip purposes by station, by zone

confiyuration could be used in making the inbound-outbound trip



characteristics check and it was felt that an adequate number of these
were used to verify cur hypothesis.

One cause of the observed differences by station is due to the
proximity of one station to the next, which in some cases may provide
the opportunity for the outbound trip tc enter the study area through
a different station for its returm trip.

Generally, the purpose comparisons were statistically very good.
With respect to the bar charts one might expect scme difference in the
purpose reporting of a given round trip. As an example, an outbound
trip may be reported as a vacation or social-rec. purpose but the
driver may report his return trip as "to work"™ since that's the reason
he's coming tack home after his vacation. On a total survey basis,
the standard error calculations indicate that for 68% of the zones the
inbound trips will be less than 35 trips different than the outbound
trips and that for 95% of the zones the difference will be less than
70 trips. Trip purposes are comrparable within twc percent, on a total
survey basis and average trip length are nearly equal.

The decision as to what level of expected error is acceptable
nust be considered in relation to the accuracy of the overall study,
however, for most cases the results indicated herin weculd verify our
hypothesis that inbound travel characteristics are acceptably mirrored
by outbound travel characteristics for a twenty-four hour period.

PHASE II - INTERVIEW PERIODS LESS THAN THENTY-FOUR HOURS

Since the first phase of the study shows that on adegquate
mirroring of the traffic characteristics is exhibited by directional
traffic for a tventy-four hour period, shorter time periods, by

direction and combined, were selected and tested. Of the samples



tosted, numper twe, a four hour period from 2 PM to % PH, proved to be
ta~ best sauple for the Longview—Kelso data. 1t resulted in the
lowest overall standard deviation and the closest percentage matches
LY purpose.,

The dapplication of the results of this study with respect to
interviewing for time periods less than twenty-four hours will aund
rightly should vary for each particular case in which they are
considered.

The Longview-Kelso area is bisected by Interstate 5 which is the
main north-south highway for western Washington and Oregon. The
junction of I-5 and SR#¥4 is located in the Longview-Kelso area and
Sn#lt 135 one of the major state routes to the Long Beach-Ilwaco-Willipa
Bay areas on the Washington coast. For these reasons, and due to the
fact tnat the interview data used in this research project was
collected during the peak of the summer tourist season in August 1967,
the amount of social-recreation traffic is very high.

It would npot be reasonable to imply that the results obtained
frow the Longview-Kelso, Washington area would be typical of larger
urban areas or even similar-sized urban areas with different urban and
soclio-economic charcteristics. This is not to say, howvever, that
approximations are not useful in arriving at well founded answers. If
the general trip purpose make up of a particular study area is known a
sample time period can be selected by amalyzing the data presented in
this report and result in substantial savings in cost and manpower for
the external survey.

For exapmle, the 2 - 5 PM bothways sample for Longview-Kelso

contained 7,120 personal interviews or less than 20% c¢f the 36,600

wahy



intervievs ccllected overall. The cost savings involved for this
level of effort for any study will depend on several factors,
including the location of the study area, station volumes and the
amount of personnel needed for the interviewing. Additional savings
will also result because subsequent coding and processing of the data
vill be less costly in terms of the expenditures reguired for both
man-hours by the study staff and computer processing.

The approach taken in presenting this analysis has been
deliberately simple and based partly on the requirements of
computational feasability and partly on the restrictions imposed by
the use of non-probability sampling techniques. Statistical analysis,
properly and thoroughly performed, requires a careful examinatior of
the suppositions and uncertainties involved. 1t has beem our
intention to expose these suppositions where possible and allow each
reader to drawv his own conclusion as to whether the data reported will

have any applications for his area.
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1)

)

ADDITIONAL HRESEARCH

The analysis performed herein should be applied to cther areas of

different size and characteristics.

Some Lnvestigation is necessary to determine if expapsion

procelures used influenced the results obtaianed,
other procedures could be applied.

and 1f so,

what
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