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1.0 Introduction

. ..

The Phoenix urban truck travel model project was conducted for the
Arizona Transportation Research Center, Arizona Department of Trans-
portation. The Mancopa Association of Governments Transportation and
Planning Office (MAGTPO), the metropolitan planning organization for the
Phoenix area, provided technical monitoring of the project. The primary
objectives of the project were to conduct a travel survey of commercial
vehicles operating within the Phoenix metropolitan area and to use the
data collected in this survey to develop commeraal vehicle trip generation,
distribution, and traffic assignment models. The models are designed to be
incorporated into MAGTPO’S UTPS-based travel model system which
predicts highway and transit system usage throughout the metropolitan
area, The project was conducted by Cambridge Systematic, Inc.,
Cambridge, Massachusetts, with support for data collection providedby
ONeil Associates, Inc., Phoenix, Arizona.

This report document: ‘he entire urban truck travel model project, in-
cluding both data co!J w “on and model development. The remaining
sections describe the s~rvey methods used (2.0), provide, a statistical
summary of the survey results (3.0), and document the travel models
developed (4.0). The final section (4.4) discusses the issue of the trans-
ferability of the results of this project to other urban areas, particularly in
Arizona. Thus, the commercial vehicle travel patterns identified in
Phoenix, and the travel forecasting models based on these patterns, may
also be useful in other urban areas such as Tucson which have similarities
to Phoenix with respect to their mix of commercial and industrial activities,
and their growth and development into major metropolitan regions.

This report concludes with four appendices which provide additional
detail on the survey forms used (Appendix A), the computerized files of
commercial vehicle and trip data collected in the surv,ey (Appendices B
and C, respectively), and the ~S proceduresfor model implementation
as part of the MAGTPO forecasting system (Appendix D). The information
in these appendices, plus the data and procedure files transmitted sep-
arately to MAGTPO, will allow transportation planners in Phoenix to
obtain additional survey summaries and to integrate the new models into
the MAGTPO travel forecasting process.

Cambridge Sys:mmtics, hc. 1-1
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2.0 Survey Methods

. .

The Phoenix commercial vehicle survey provides detailed information on
3,402 trips made by 606 commercial vehicles registered in Maricopa
County or used by the US Postal Semite in the county. Each surveyed trip
has both its origin and its destination within the Marico~a Association of
Governments (MAG) transportation study area. The survey does not
include any commercial vehicles registered outside Maricopa County. In
the Phoenix travel forecasting system, most of the trips made by these
vehicles are included in ex”ternal commercial vehicle trip tables. The pur-
pose of this survey was to develop new models for internal commercial
vehicle trips onlyl

Two sources of data were used to determine the total population of com-
mercial vehicles to be sampled in the survey. The first was a computerized
file of approximately 157,000 commercial vehicles registered in Maricopa
County in 1989. This file, obtained from the Department of Motor
Vehicles, contains truck type identifiers and o-er$’ names and addresses.
The second was a listing, by garaging location in Maricopa County, of the
2,300 vehicles owned by the US Postal Service, but not registered -in”
Arizona. The procedures used to select vehicles for the survey sample
from these sources are described in Section 2.2, below.

The data collection procedure used for vehicles selected from the DMV file
was a combined telephone/mail method. This approach was adopted after
obtaining low response rates in an initial pretest whi* relied entirely m a
mailout/mailbaCk method. The following general procedure was used:

$ ● Telephone Contact: Vehicle owners for which telephone numbers
could be obtained were called, initial screening questions were asked,
and cooperation was requested in the mail portion of the survey.

Mail Contact A maiI-back questionnaire including a one-day trip diary
was mailed, both to those who agreed to participate in the survey and to
selected owners who could not be contacted by telephone.

For Postal Service vehicles, with the assistance of the Manager of Fleet.,
Operations for the Phoenix Postal District, vehicles were sampled by .i
weight class and garaging location. Then, for the sampled vehicles, USPS
forms detailing daily itineraries were obtained and translated into the
format of the”trip diary used for vehicles obtained from the DMV files.J

i
I

CambridgeSyshmtics,hc. 2-1
I
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Data Collection Forms

During the telephone portion of the survey, a saipt was used to introduce
vehicle owners to the survey, to elicit their cooperation, and to obtain the
following information on their registered vehicle which was selected to be
included in the Wrvey

.

s For vehicles leased by another firm or individual, name and address of
the lessor.

● For vehicles not used on a“specified survey day:

- The reason for no usage: no work, vehicle not operational, or other;
and

- The registration number for a replacement vehicle, if any.

● Person to whom the mailout questionnaire should be sent.
b

An example of the mailout questionnaire used for the truck survey is pro-
vided in Appendix A of this report. It was designed to obtain the fol-
lowing data for each surveyed cornmeraal vehicle:

●

●

●

●

●

Starting and ending addresses on survey day;

Vehicle type, based on number of axles and body style;

Estimated gross weight;

Vehicle usage for transportation between home and work, and for
work-related purposes; and

Total number of one-way trips on the survey day.

The DMV file also pro~des data items which were used along with the
survey data. These items include the zip code of the owner and the reg-
istered vehicle weight.

In addition, the travel diary requests the following information on the first
ten one-way trips made by each vehicle on the selected survey day:

●

●

●

Start and stop times;

Stop odometer reading;

Name and address of stop;

Cambridge Systcmatics, IHC. z.~



●

●

●

—

Driver/vehicle activity at stop;

Land-use at stop; and

Vehicle type and total axles during trip (to determine trailer pick-up
and drop-off locations.)

It should be noted that the potential. biases due to the limitation to the first
ten daily trips were felt to be unavoidable if cooperation was to be ob-
tained from the required number of vehicle operators. The magnitude of
these biases was felt to be minimized because over 80 percent of the v,e-
hicles make tenor fewer trips per day, and vehicles making more than ten
trips per day tend to make many similar trips (for example, a number of
pairs of a warehouse to delivery location trip followed by a return trip to
the warehouse, or a number of stops on a multi-pickup tour) which would
be sampled sufficiently by the first ten daily trips. Furthermore, the trip
weighting or expansion process discussed later was designed to eliminate
biases related to the number of trips reported pr day. s

The survey forms included in Appendix A evolved as the survey proc-
edures were developed. Initial versions were reviewed by the &fAGTPO
staff monitoring the project. Then, as the pret=t and a pilot Swvey“were
conducted, changes were made to accommodate the final telephone /wa~”
survey procedures. In addition, minor changes in wording were made for
clarification.

As stated previously, a small mail-only pretest indicated that more work
was required to identify vehicle owners and drivers and to obtain their
cooperation in the su~ey. Since this work was beyond the original project
scope, a pilot survey was conducted to refine the telephone/mail pro-
cedures and to determine the additional costs involved. This pilot survey
used one-sixth of the-entire DMV sample. The results of the pilot survey
were the following:

● The new telephone/mail survey procedures proved to be workable;

● Survey responses reached an acceptable level; and

● Survey costs per valid response increased by 27 percent compared with
the original estimates for the costs of a mailout/mailback s~ey.,

Based on these findings, authorization was given by ADOT to complete the
survey using the telephone/mail proced~es developed ~ the Pilot surveY.

Ca7nbridge Systevmtics, Inc. 2-3
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2.2 S_ampleDesign

DMV-Registered Veticles

Stratified samples were selected from the DMV registration file and from
the list of Postal Service vehicles. In both cases, the stratification was on

‘ the basis of vehicle weight. This variable was used for stratification be-
cause separate travel models were desired for three or more weight classes,
and the number of heavy vehicles is much smaller than the number of light
and medium vehicles. In the DMV’S 1988 Maricopa County file, for ex-
ample, commercial vehicles were distributed as follows:

Vehicle Percentage of
Weight Total Commercial “

(Ibs) Vehicles

0-8,000 82
0-28,000 13 b

28-64,000 3
64,000+ 2

,.

This distribution represents the 155,000 registrations in the file for all
motorized vehicles (trailers were excluded) in the following three vehicle
categories used by the DMV:

● C - Commercial vehicles;

c D-Buses; and

● S - Cornmeraal pick-ups and station wagons.

The survey pretest was conducted using a random sample of 120 vehicle
owners selected from the 1988 DMV file. Following the pretest, sub-
samples for use in the remainder of the survey were selected from the 1989
DMV file which included the same vehicle types and vehicle categories.
These subsamples were designed to provide a total of at least 4,000 vehicles
distributed by vehicle weight as follows:

Gmbridge Systemtics, Ittc. 2-4
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Vehicle Weight Percentage of
(lbs) Total SamDle

0-8,000 40
..- 8-28,000 20

28-64,000 20
64,000+ 20

Subsamples meeting these requirements were obtained from the DMV file
by selecting every Nth record within a particular weight category. The
following values of N were used:

Vehicle Weight Records
(Ibs) Selected

0-8,000 Every79th record ,.
8-28,000 Every 24th record

28-64,000 Evexy5th recofd
64,000+ Every 4th record

J

By sorting the entire DMV file by zip code prior to sample selection,
subsamples were obtained in which all geographic areas are represented in
proportion to their vehicle weight category-specific distribution in the total
population. The sizes of the resulting subsamples were as follows:

Vehicle Weight Total Vehicle
(lbs) Records

0-8,000
8-28,000

28-64,000
64,000+

Total

1,613
810
966

1,237

4,626

Postal Service Vehicles

The Postal Service vehicles to be included in the survey were selected by
the Postal Service’s Manager of Fleet Operations. All Postal Service
vehicles in Phoenix fall in the two lightest weight categories used in this

Cambridge Systematic, Inc. 2-5
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project. The selection process involved the lisdng of all vehicles within the
Fwo relevant weight categories in order by garaging location. Then, every
Nth vehicle was selected from these lists, with N equal to 40 for vehicles
weigl-t~g less than 8,000 pounds and equal to 10 for vehicles weighing
more than 8,000 pounds. The resulting subsamples, and the populations
from which they were selected, are as follows:

Vehicle Weight Total Selected
(lbs) Vehicles Sample Size

0-8,000 2,180 53
8-28,000 101 9

Totals 2J81 62

9 2.3 Data Collection b

The PretestSurvey

The initial pretest, involving mailout/mailback procedures only, was
conducted in September, 1989. The survey forms were mailed to a total of
120 registered vehicle owners from DMV’S 1988 commercial vehicle file for
Maricopa County. The disposition of the pretest sample was as presented
in Table 2.1. The overall response rate was 17 percent, two-thirds of the
expected rate of 25 percent. However, only 8 percent of the totai sample
reported making commercial trips on the survey day, and half of the
responses were from unqualified vehicles or indicated that no commercial
trips were made in Maricopa County on the survey day. The combination
of the low response rate and the large fraction of responses from vehicles
which were unqualified or did not make commercial trips indicated that
the mailout/mailback survey strategy would not provide a valid sample of
commeraal vehicle travel in Maricopa County.

The PilotSurvey

Revised Procedures

Recognizing that an improved surveying technique would be required,
and that the new technique would be likely to require more surveying
resources per response, a pilot survey was next designed to test the new
procedures and to determine the change in resource requirements. The

Cambridge Sy@matics, Inc. 2-6
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Table 2.1 Pretesl Sample Disposition

. .
Category Number Percentage

1.

2.

3.

4.

Totalmailing 120 100

Unsuccessfulcontacts -
returnedby PostalService 10 8

No responses 90 75

Total responses 20 17

a. Vehicle not qualified-
no tripsmade= 10 8’

b. Vehicle qualified- 10 8’
trips made

Note: Subtotals and totals may be inconsistentdue to rounding.

a Includesvehiclesnot used for commercialpuqxxes, vehicleslocatedoutside
MaricopaCounty, and vehiclesno longerownedby addressee.

Cmnbricfge Systenmtics, Inc. 2-7
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i_mproved technique, which involves both telephone and mail procedures,
was designed to identify, for each commercial vehicle, an individual who
would accept responsibility for receiving the survey form, arranging for
the vehicle driver to complete the form, and returning the form. In many
cases, this identification process was necessary because the registered
vehicle ovmer was a business concern or individual who was not directly
involved in day-to-day vehicle operation. This identification proc~ss, con-
ducted by telephone, was combined with preliminary questions on’vehicle
location and usage to determine the vehicle’s suitability for inclusion in the
survey. By thus eliminating unqualified vehicles and obtaining promises
of cooperation from vehicle owners’ representatives, the survey team
expected to increase the response rate per mailed out survey form and to
minimize non-response biases.

The pilot survey was carried out in October and November, 1989, using a
subsample of 771, one-sixth of the 1989 DMV file discussed in Section 2.2.

Telephone Survey Results

The results of the pilot survey indicated the effectiveness of the revised
surveying strategy. These results are summarized in Tables 2.2 and 2.3.
Forty-two percent of the registered vehicles could not be contacted by
telephone; most because no number was available from directories or
information semices. Other reastms for failure to make telephone contacts
were disconnected telephones, locations outside Maricopa County, and no
answers after repeated tries. Of the owers’ representatives contacted, 156
(2o percent) were not qualified to receive the survey for a variety of rea-
sons shown in Table 2.2. In addition, 48 of the representatives of qualified.
vehicles would not agree to participate. Surveys were mailed to the re-
maining 247 (32 percent) owners’ representatives. In addition, to deter-
mine the validity of the pretest results, sweys were alSOrn~ed to 406 of
those who did not agree to participate.

.

Mail Survey Results

Table 2.3 summarizes the results of the mail portion of the pilot survey.
Even though 247 owmers’ representatives agreed to participate, only 55
percent mailed back a completed survey form. This response rate, how-
ever, was much better than the 14 percent rate for those who did not agree
to partiapate. Overall, 30 percent of the 653 s~eys m~ed were returned;.
of these, 109 (56 percent) reported qualifying trips on the survey day.

c.fWtbTid& s@?JlldiCS, hC. 2-8



Urhn Trm-k Trmd MvA4

Table 2.2 Pilot Survey Results – Telephone Portion

. .

. . . Category Number Percentage

Total subsample

No telephone contact possible

Vehiclesnot qualified

No work/no alternativevehicle 22

No informationavailable 30

Non-commeraal vehicle 36

Lesseename not available 53

Out of state owner 15

No agreementto participate

Agreementto participate-
surveys mailed

771

320

156

3

4

5

7’

2

48

247

100

42

20

b

6

32

Note Subtotalsand totalsmay be inconsistentdue to rounding.

Cambridge Systmatics, Inc. 2-9
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Table 2.3 Pilot Survey Results – Mail Portion

1.1

1.2

1.3

2.1

2.2

2.3

3.1

3.2

3.3

Category Number Percentage..

Totalsurvey$mailedto those
agreeingto partiapate

Not returnedor not completed

Responses

a. Tripsmade

b. No tripsmade

Totalsumeys mailedto other
vehicleowners

Not returnedor not completed

Responses

a. Tripsmade

b. No tripsmade

Totalsuxveysmail~ (1.1 + 2.1)

Not returnedor not completed ‘
(1.2 +2.2)

ResponseS (1.3+ 23)

a. Tripsmade

b. No tripsmade

247

110

137

96

41

406

348

58

13

45

653

458

195

109

86

100

45

55

39

17

100 ,

86

14

3

11

100

70

30

17

13

Note Subtotalsand totalsmay be inconsistentdue to rounding.

Cumbridge Systcmatics, Inc. 2-10



Urh?f Truck Tmvel)vfOtiel

The Main Swey.

Procedures

Based on the results of the pilot survey, its procedures were extended to
the-remaining five-sixths of the 1989 DMV sample during the period from
January to March, 1990. However, due to the poor response and few trips
reported by those who did not agree via telephone to participate in the
remainder of the survey, only 300 survey forms were mailed to these reg-
istered owners.

Telephone Survey Results

Tables 2.4 and 2.5 provide the results obtained in this final portion of the
truck survey. The telephone results summarized in Table 2.4 show im-
provements in all general categories except agreements to participate.
Those not agreeing to participate in the survey increased from 6 to 13
percent of the total subsample. In spite of this result, however, 37 percent
of the total subsample did agree to participate, a favorable comparison
with the 32 percent in the corresponding category of the pilot test. ‘

Mail Survey ResuIts

The results for the mail portion of the main survey (Table 2.5) show that,
aIthough the response rate dropped from 55 to 29 percent for those who”
agreed to participate, the overall response rate to the mailed questionnaires
remained at 30 percent. The difference represents responses from 105 (35
percent) of 300 surveys sent out to owners’ representatives who were iden-
tified by name iiI the telephone portion of the survey, but did not initially
agree to participate. Apparently, many of these representatives saw, when
the survey form arrived by mail, that it could be completed without an
excessive amount of effort. The result was a higher response rate from this
group than from those who initially agreed to participate.

Prior to geocoding, the total number of survey responses was 720; 195 from
the pilot survey and 525 from the main survey. Of these 720 responses, 527
(73 percent) represent vehicles which made commercial trips on the survey
day.

Postal Service Vehicle Survey

Data collection for Postal Service vehicles was much simpler than for the
DMV file, because the cooperation of the Manager of Fleet Operations was
obtained prior to subsample selection. Travel diary data for the 62 selected
vehicles was obtained from existing Postal Service forms and transferred
directly to vehicle and trip data sets used in this project.

Gmbridge Systemtics, hc. 2-11
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Table 2.5

\

Main-Survey Results – Mail Portion

.

. . . Categoq Number Percentage

1.1

1.2

1.3

2.1

2.2

2.3

3.1

3.2

3.3

Total surveysmailedto those
agreeingto partiapate 1426

Not returnedor not completed 1006

Responses

a. Tripsmade

b. No tripsmade

Totalsuweys mailedto other
vehicleowners

Not returnedor not completed

Responses

a. Tripsmade

b. No tripsmade

Totalsurveys mailed(1.1 +2.1)

Not rehxned or not completed
(1.2 +2.2)

Responses (1.3 + 2.3)

420

358

62

300

195

105

60

45

1726

a. Tripsmade 418

b. No tripsmade 107

1201

525

100

71

29

25 .

4

100 ‘

65

15

100

70

30

24

6

Note Subtotalsand totalsmay be inconsistentdue to rounding.

Gmbridge Sys:emfics, hc. 2,13
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2.4 Data Coding and Factoring

Data Coding

AS ‘the DMV and Postal Service responses were received, they were edited,
coded, and entered in vehicle and trip data sets. All addresses were coded
fully as provided by respondents. The resulting data sets were then trans-
mitted to MAGTPO for gee-coding using the department’s LandTrak
computer program. Addresses which coul,d not be coded automatically
were processed manually to increase the number of gee-coded records.
Following all coding and editing of both non-geographic and geographic
data fields, a total of 606 vehicles making 3,402 trips were available for use
in statistical summaries and model development.

Data Factoring

Ovewiew
●

In order to expand the successfully coded vehicle and trip records to repre-
sent total commercial vehicle travel by vehicles registered in Maricopa ,
County, expansion factors were developed for each data record. Due to
the complexities of the subsample selection process and the limited number
of trips for which information was requested in the survey questionnaire,
these factors depend on a number of variables. The expansion factors for
trucks registered with the D~ depend on the following variables:

●

●

●

The percentage of vehicles in use for commercial purposes within the
Phoenix metropolitan area on a typical weekday;

Vehicle weight class; and

Zip code of vehicle owner.

The expansion factors for Postal Service vehicles depend on vehicle weight
class and postal garaging location.

Expansion factors for trips were developed by increasing the corre-
sponding vehicle factors to account for the following:

. The number of usable trip records per vehicle versus the reported total
number of daily trips; and

● Whether or not the trip represented travel to or from the vehicle’s over-
night garaging location.

CambridgeSystendics,’Inc. 2-14
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lTi-e details of the data factoring process are described in the subsections
which follow.

Vehicle”Factors

The -1989 DMV file used to obtain a survey sample contained 156,645
commercial vehicle registration records, and the Phoenix postal district
reported a total of 2Z81 vehicles. The breakdown by vehicle weight class is
shown in Table 2.6.

The telephone portion of the survey revealed that only 75.7 percent of the
vehicle owners contacted via the DMV data set reported that their vehicle
is available for use for commercial purposes within the Phoenix metro-
politan region on the typical travel weekday. This fraction was used to
obtain an initial estimate of the total population of qualified vehicles,
subject to adjustment in later stages of the project (see Section 4.3). Thus,
the survey data was expanded to represent 118,&45 DMV vehicles in oper-
ation, plus 2,281 Postal Service vehicles.

Expansion factors for the DMV vehicles were developed separately by
vehicle weight class and by omer’s zip code as contained in the DMV file.
Two sets of factors were developed, one to match the DMV, totals by
weight /zip category, and the other to match the DMV totals by w’eight
class. The latter factors take into account weight/zip categories for which
trucks exist in the DMV file but not in the final survey sample. Post Office
vehicles were weighted using a similar strategy, expanding to match the
Post Office to’tals by weight/postal garaging location category and to
match totals by weight class, The average factors by vehicle type and
weight class are provided in Table 2.7. Overall, the survey represents a 0.5
percent sampIe of all cornmeraal vehicles based in Maricopa County. ,-,

Trip Factors

Because the commercial vehicle drivers responding to the survey were
asked to report individual information for a maximum of ten trips on their
survey day, additional truck-specific expansion factors were required to
account for each truck’s unreported trips. These factors were defined as
follows:

● For trips to or from the truck’s overnight garaging locaticm, when the
total number of usable trip records was more than two, the additional
truck factor was set equal to 1.0.

Cmnbridge Systsmdics, Inc. 2-15
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Table 2.6 Total Population of Commercial Vehicles
In Maricopa County

Urlm?tTruckTrmel Model

Registered

. .

Vehicle Weizht (lbs)

VehicleType O-8,000 S-28,000 28-64/000 64,000+ Total

DMVVehicles ~27,427 19,440 4,830 4,948 156,M5

PostalService
Vehicles 2,180 101 0 0, 2,281

TotalVehicles 129,607 19/541 4,830 4,948 158,926 ,
by Class

Percentageof 81.8% 12.3’% 3.0’% 3.1% 100.0’%
Total Vehicles

b

A

. .

Table 2.7 Average Vehicle Expansion Factors

VehicleWeight (lbs)
Vehicle and
Factor Types O-8,000 8-28,000 28-64,000 64,000+ Total

lXt4V Vehicles

To matchby
weightand zip 619.5 107.3 18.9 9.8 127.0

To matchby
weight 1,084.5 175.3 25.9 16.3 218.1

Postal Service
Vehicles

To matchby
weightand zip 27.5 10.4 .- 25.0

To matchby
weight 41.1 11.2 36.8

Cambridge Systsmatics, Inc. 2-16
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“For trips to or from the truck’s overnight garaging location, when only
one or two usable trip records were available, the additional truck factor
was set equal to the following ratio:.

repotted number of total daily trips
‘number of usable trip records

For all other trips, the following ratio was used as the additional truck
factor:

reported number of total daily trips -2
number of usable trip records -2

The factors account for the reporting of trips to and from the overnight
garaging location, which generally was available for each truck, and for ‘tie
partial repordng of all other trips by trucks making more than ten trips per
day. The factors also correct for unusable trip records.

Final total trip factors were formed as the products of the additional factors
defined above and the truck factors, described in the previous subsection,
which match DMV and Postal Service vehicle totals by weight class. The
average t~tal trip factor is 284.5, implying an average additional trip factor
of 1.43. The average factors by vehicle weight class are provided in.
Table 2.8. When these trip factors are applied to the 3,402 usable reported
commercial vehicle trips, an estimate of 967,835 total daily trips is ob-
tained. The numbers and percentages of trips by weight class are pro-
vided in Table 2.9. Both the largest, and the smallest weight classes have
smaller percentages of trips than of commercial vehicles (see Table 2.6).
The trucks in the middle weight categories -8,000 to 64,000 pounds -
reported making more trips per day than do those in the smallest and
largest weight categories.

■ 2.5 Sample Accuracy

All surveys based on the sample of a population for which statistics are
desired are subject to sampling error. Sampling errors are the differences
between the results obtained from a sample and those which would be ‘
obtained if the entire population were to provide the information re-
quested in the survey. The size of sampling error depends both on the
number of survey responses obtained and on the range of responses to a
particular question.

For the Phoenix commeraal vehicle survey, estimates of the sampling error
range can be determined, both for vehicle data and for truck data. These

Cambridge Systmatics, Inc. 2-17
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Table 2.8 Average Trip Expansion Factors—

Vehicle Weight (lbs)
...

Factor Type 0-8,000 8-28,000 28-~ooo 64,000+ Total

Additional
trip factor 1.08 2.33 1.50 1.11 1.43

Total
trip factor 751.7 371.9 39.0 18.1 284.5

Table 2.9 Estimated Total Commercial Vehicle Trips by
L

Weight Category

t...

Vehicle Weight Daily Commercial Percentage
(lbs) Vehicle Trips of Total

G8,000

8-28,000 “

2&64,000

726,889

188,545

32,659

64,000+ 19,742

Total 967,835

75.1 ‘ ‘

19.5

3.4

2.0

100.0

Note Thesetotalsrepresentinitialestimates,prior to the trafficassignmentand calibrationstage of
the project. SeeSections4.2 and 4.3 for finalrefinementsof thevaluesprovidedhere.

Cambridge Systematic, Inc. 2-18
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estimates have been calculated for observed percentages at the 95 percent
confidence level, a common value frequently used to state the accuracy of
sumey data. The values of sampling error are also maximum values, valid
when the survey data is divided evenly between two possible responses.
Survey responses which are more unevenly divided have lower sampling
errors than those presented in this section.

For statistics based on all vehicles, the maximum sampling error is 4.0
per,cent. The corresponding value for statistics based on all trips is 1.7
percent. Table 2.10 presents the sampling errors for statistics based on
fewer cases, for both vehicles and trips.

GmbridgeSysfctutics,inc. 2-I9
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Table 2.10 Approximate Sampling Errors—

Vehicles Trips

Percentageof Sample Sampling Sample Sampling
Total Sample Size Error(%)’ Size Error(%)’

10 61 12.5 230 5.3

25 152 7.9 851 3.4

50 303 5.6 1,701 2.4

75 455 4.6 2,552 1.9.

100 606 4.0 3,402 1.7
/

b’

a Plusor minustoleranceof sample-basedpercentagesat a 95 percentconfidencelevel. ,

Cambridge Syatmutics,inc. 2-20



Udm Truck Trmel Model

3.0 Sum-mary of Survey Results

. .

Ali of the statistics reported in this section represent results of the weighted
commercial vehicle survey. In all cases, non-responses to a particular
question are omitted from the statistical tabulations. Two data sets - a
commercial vehicle file and a trip file - were used to obtain these tabu-
lations. Copies of these data sets have been transmitted to MAG; their
formats are documented in Appendices B and C, respectively.

9 3.1 Characteristics of Commercial Vehicles

b

Average Vehicle Weights

Table 3.1 provides reported average vehicle weights by vehicle weight
category and for all vehicles. For all commercial vehicles, the average.
weight is six tons.

Vehicle Types

Overall, pickups constitute over half of all commercial vehicles, followed
by single trucks (20 percent), autos and vans (10 percent), and panel bycks
(10 percent). Table 3.2 shows the distribution for the remaining vehicle
types, as well as separate distributions by vehicle weight category.

Vehicle Usage

In total, 41.9 percent of the vehicles are used for travel between home and
work as well as for other commercial purposes. Also, 79.4 percent of the
vehicles are used for commercial purposes on a typical day. These
percentages vary significantly by vehicle weight class, as shown in
Table 3.3.

Gmbridge Systmutics, frtc. 3-1
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Table 3.1 Average Vehicle Weights

VehicleWeight .Catego~ (Ibs) Average Vehicle Weight (lbs)

0-8,000 7,960

8-28,000 15,520

28-64,000 43,600

64,000+ 74,080

All vehicles 12,010

b

/

Table 3.2 Vehicle Types

Vehicle Weight (lbs)

VehicleType 0-8,000 8-28,000 2s64000 64,000+ Total

(%) (%) (%) (%) (%)

Autosand vans

CampeIs

Buses

11.?

4.4

0.0

3.6

0.0

0.8

0.0

0.0

1.7

0.0

0.0

0.0

10.1

3.6

0.2

Pickups 63.8 15.0 0.4 0.0 54.3

10.3 8.0 0.0 0.0 9.5
Panels

69.7 85.5 51.8 20.3
Singletrucks 9.8

Tractor/sefni-trtiler 0.0 0.7 7.4 13.3 0.7

0.0 2.2 4.9 38.5 1.3
Tmck/trailer

1

a Percentageof totalvehiclesby CbSS.

Cambridge SysteInntics, Inc.
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Table 3.3 Vehicle Usage

.- L

. Vehicle Weight (lbs)

0-8,000 8-28,000 28-64,000 64,000+ Total
(%) (%) (%) (9’0) (%)

Used for homework
travel 48.5a 14.4 1.3 1.8 41.9

Used for commercial
purposes 77.1 86.2 95.9 96.6 79.4

a Percentage of totaI vehicles by class.

b

Table 3.4 Time of First Trip

VehicleWeight (lbs)

0-8,000 8-28,000 28-64,000 64,000+ Total
(%) (%) (%) (%) (%)

Before6AM 12.9 17.9 30.1 51.8 15.5

6-9 AM

9 AM-2PM

After 2PM

65.2

20.0

1.9

44.5

31.0

6.6

54.8

10.2

5.0

35.2

11.1

1.9

61.0

20.9

2.7

a Percentageof totalvehiclesby class.

GvnbridgeSystsmntics,Inc. 3-3
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Time af First Trip

Most vehicles are first used be~een 6 and 9AM on a typical weekday, but
the pattern of the time of first usage varies significantly by weight cate-
gory. Lighter vehicles are less likely to start before 6 AM, and more likely
to-be used first after 9 AM. These variations are apparently due to
differences in working schedules for the comrneraal activities which make
use of the different vehicle sizes, and differences in the intensitv of vehicle.
usage by vehicle size. Table 3.4 provides the details of these time patterns.

Vehicle Trips Per Day

The average vehicle surveyed reported making 7.7 trips per day. The
distribution of vehicles by number of trips, and the averages by weight
class, are provided in Table 3.5. Vehicles ranging from 8-28,000 pounds
make the most trips per day (12.1), and vehicles in the heaviest category
make the fewest (4.7). Both of the remaining vehicle categories have
averages similar to the overall average. b

Vehicle Mileage Per Day

Vehicle mileage per day by vehicle category, when measured using
odometer readings at the start and end of the day, is inversely related to
the number of trips made (see Table. 3.6). This apparently anomalous
result is explained’ by the differences in average miles per trip by vehicle
category. Vehicles in the 8-28,000 pound category make many short trips,
typically for such activities as refuse pickup and package delivery. Ve-
hicles in the heaviest category make a few long trips and in so doing
generate many more vehicle miles per day than are generated by the
lighter vehicles. As in the case of trips per day, the remaining vehicle
classes exhibit average vehicle mileage and trip lengths similar to the
overall averages. These averages are 78.5 miles traveled per day, and 10.2
miles per trip. It should be noted that when trip Iengths are determined
using either odometer readings for individual trips (see Section 3.2 and
Table 3.6) or zone-to-zone distances or times obtained from MAGTPO’S
highway network (see Section 4.2), different values by vehicle category are
likely to be obtained for two reasons:

● Minimum paths in the highway network may differ from actual paths
used by commeraal vehicle operators.

● A number of survey responses did not include starting and/or final
odometer readings. The statistics shown in Table 3.6 do not include
these responses.

Cambridge Systemntics, hc. 3-4



Table 3.5 Vehicle Trips per Day

. . . VehicleWeight (Ibs),
Range of

Trips per Day 0-8,000 8-28,000 2844,000 64,000+ Total
(%) (%) (%) (%) (%)

o 17.6a 6.9 4.7 3.7 15.4

1-1o 63.6 68.4 69.3 92.8 65.2

11-20

21+

15.3

3.5

15.6

9.1

21.8

4.2

3.5 15.2

0.0 4.2 “

Averages 7.2 12.1 8.0 4.7 7.7

a Percentageof total vehicles by class.

d’

Cambridge Systmafics, hc. 3-5
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Table 3.6 Vehicle Mileage per Day

Vehicle Weight (lbs). .
Range of

Miles per Day 0-8,000 8-28,000 28-64,000 64,000+ Total
(%) (%) (%) (%) (’%)

1-20 14.6a 20.8 13.7 8.0 15.3

21-40 25.3 17.5 27.6 3.3 23.6

41-60

61-80

10.6 20.9

9.4 19.8

12.6 7.6 ‘ 12.0

8.6 11.8 10.9 -

81-100 13.4 14.5 8.1 12.1 13.3 >

101-150 19.1 4.4 17.6 32.8 17.4 ,

151+ 7.6 2.1 11.8 24.4 7.5

Averagesb

Milesper day 79.0 56.2 74.0 156.8 78.5

Milesper trip’ 11.0 4.7 9.2 33.4 10.2

a

b

c

Percentageof totalvehiclesby class.

Theseaverageaare basedon vehicles’startingand endingodometer readingson theirswvey day.
Becausemany drivemfailedto providethisinformation,the averagesshownare not as accurateas
thestatisticsprovidedin other tables. See alsoTable3.16.

Calculatedas milesper day fromthistabledividedby tripsper day fromTable3.5. !

Gmbridge Systetnutics, hc. 3-6
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Trips by Vehicle Weight

UrfwnTruck Trnvel Model

Commercial Vehicle Trips

. ..
The average vehicle weight per commercial vehicle trip is 11,870 pounds,
just one percent lower than the weight of the average commercial vehicle
(see Table 3.1). The averages by weight class are provided in Table 3.7. ‘

Trips by Vehicle Type

Table 3.8 provides distributions of commercial vehicle trips by type of
vehicle. For all tiips, pickups remain the predominant vehicle type, but
due to a lower than average trip rate, these 54 percent of total commer-cial
vehicles make just less than half of total trips. The results for autos and
vans are similar - 10 percent of total vehicles in this category make just 8
percent of total trips.. The fraction of trips made by single trucks (22 per-
cent) and panel trucks (17 percent) exceed the corresponding fractions’of
vehicles, indicating that these vehicle types have higher than average trip
rates.

Time of Day Distributions

In order to obtain time-of-day information from the survey results, it was
necessary to consider only the trips reported by vehicles which made tenor
fewer trips and thus provided details such as trip start and stop time for
each trip made. (Vehicles making more than ten trips were only asked for
detailed information on their first ten trips of the day.) Table 3.9 displays
the distribution’of time spent in travel by all vehicles which reported
details for all of their. trips on the sumey day.

These distributions indicate that, for each vehicle weight class, the time-of-
day pattern for commeraal vehicles is much different than that for private
autos. Rather than AM and PM peaks, truck travel typically increases
steadily to a single peak hour, and then begins decreasing steadily. The
peak hour by ’vehicle type ranges from the hour ending at 9 AM to the
hour ending at 2 PM, and the percentage of total daily travel occurring in
the peak ranges from 11 to 15 percent. The category consisting of the
largest trucks is the only one with two peak hours separated by a period of
lower volumes, but these peaks are separated by just two hours with
slightly lower volumes; the peaks for this category are in the hours ending
at 11 AM and 2PM.

Cmbn”dge Systmntics, f?lC. 3-7
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Table 3.7 Trips_by Vehicle Weight

VehicleWeight-Category(lbs) Average Weight Per Vehicle Trip (lbs)

0-8,000

8-28,000

7,980

14,700 -

28-64,000 44,600

64,000+ 74,020

All vehicles 11,870

b

Table 3.8 Trips by Vehicle Type

VehicleWeight (lbs)

Vehicle Type 0-8,000 8-28,000 28-64,000 64,000+ Total

(%) (%) (%) (%) (%)

Autosand V~S 13.1a

2.4

0.4

0.0

0.0

0.0

0.0 8.2

0.0 1.8
Campers

Buses

Pickups

0.0 0.7

9.8

1.1 0.0

0.0

0.2

1.1 48.561.3

16.0

9.6

0.0

Panels 26.8 0.0 0.0 17.3

Singletrucks

Tractor/serni-tratier

60.1 89.1 51.1 22.5

0.5 7.6 9.5 0.5

.
Tmck/trailer 0.0 1.7 1.1 39.3 1.1

a Percentageof totalvehicletripsby class.

/ Cmbridge SyStCl!ldiCS,blC. ‘
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Table 3.9 Time of Day Distributions

.-. Vehicle Weight (lbs)

Iiour Ending 0-8,000 8-28,000 28-64,000 64,000+ Total
(%) (%) (%) (%). (%)

1AM
2AM
3AM
4AM
5AM
6AM
7AM
8AM
9AM
10AM
11 AM
12 Noon
1 PM
2PM
3PM
4PM
5PM
6PM
7PM
8PM
9PM
10PM
11 PM
12 Midnight

.
-

la
-

2
5
4
5
5
8
8

10
14
15
6
5
3
3
1
1
1
1

.
.

1
2

2
4
6
7

10
9

11
13
11
8
7
4
2
1
1

.

.

1
1
1
2
5
9

11
12
10
11
8
8
8
6
2
1
-
2
1
1

.

.

1
‘4

7
9
8

10
11
10
9

11
9
6
4-
1

.

.

1
-
2
5
5
6
7
9g. b

11
13
13 ‘.

7
5“-
3
2
1
1’.
1
1
.

a Percentageof daily vehidehours occurringin the specified hour for all vehiclesreporting each of
their daily trips.

Gmbridge Systsmn!ies, inc. 3-9,,
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For all sampled commercial vehicles, the peak period extends over two
hours, from 12 noon to 2 PM. During both of these hours, 13 percent of
daily commercial vehicle travel occurs. Table 3.10 provides the per-
centages of commercial vehicle travel occurrirtg during the peak periods
for all vehicles, 6 to 9 AM and 3 to 6 PM. These values can be compared
with the percentages of total private vehicle travel occurring in the same
periods.l These values are 18 percent in the AM peak and 24 percent in the
PM peak. Thus, the AM peak period is as important for commercial
vehicles as for private vehicles~but during the-PM peak
traffic volumes are greatest in total, commercial vehicles’
daily traffic is only two-fifths of that for private vehicles.

Activitiesat Trip Ends

period, when
percentage of

Table 3.11 provides the distribution of activities at the stops made by
commercial vehicles. These results reflect the varying uses of different
sized vehicles, beyond the cargo pick-ups and deliveries which are
important for all vehicles. The smallest vehicle cat~gory is also used
heavily for service caIls and personal business. Vehicles in the 8-28,000 lb
category are used most often - and more frequently than are other size
categories - for combined pick-ups and deliveries. An example would be a
small package service such as UPS. Vehicles larger than 28,000 lbs are used
most predominantly for separate pick-ups and deliveries, probably of full
loads inmost cases.

Land Uses at Trip Ends

Eleven land use categories were included on the survey form. For re-
porting purposes and in order to match the land use data forecasted as part
of the travel forecasting process for the Phoenix metropolitan area, these
were grouped into the eight categories shown in Table 3.12, which
provides the distribution of land uses reported by truck drivers at their
stops. Three land uses - residential, retail and rnanufacturihg/ ware-
housing - account, overall, for approximately equal shares of all trip ends.
Together, these three land uses represent nearly two-thirds of the trips. It
is important to note that, due to the orientation of the survey to long-range
travel forecasting and the resulting limitations in future land use data
availability, information was not requested on detailed land uses such as
schools, restaurants, and grocery stores which have particularly low or
high trip generation rates.

~/ CambridgeSystematic, ~c. ~~YS~ ofTemporal~~d Shi* to Improve
Hi~hwaYSpeedModelin~ preparedfor ArizonaDOT,1988.
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Table 3.10 Truck Travel During Peak Periods for All Vehicles
. .

. ..
Vehicle Weight (lbs)

Time Period 0-8,000 8-28,000 28-64,000 64,000+ Tbtal

(%) (%) (%) (%) ‘ (%) (%)

AM Peak
(6-9 AM) 15a 22 32 23 17

PM Peak
(3-6 PM) 11 7 3 11 10

~ Percentageof daily vehicle-hoursfor all vehicles reporting each of their daily trips.

b

Table 3.11 Activities at Trip Ends

Vehicle Weight (Ibs)

Activityat Stop 0-8,000 8-28,000 28-*000 64,000+ Total

(%) (%) (%) (%) (%)

Loading,cargo
pickup

Unloading,cargo
drop-off

1
Loadingand

unloading

Sewice
calls

14.4a

27.6

21.0

16.1

14.2 30.6

23.7 39.4

32.7 5.3

9.4 9.3

21.4

51.4

5.6

0.5

15.1

27.7

22.4

14.2

Vehicle
maintenance 1.3 2.2 1.2 0.8 1.5

Personal
business 11.8 1.6 1,.2 2.1 9.2

To/ from
7.8 16.3 13.1 18.2 9.9

garaging location

a Percentageof allcommeraal vehicletrips.

Gmbridgi Systemtics, htc.
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Table 3.12 Land Uses at Trip Ends

.

,’

. . . VehicleWeight (lbs)

LandUse at Stop 0-8,000 8-28,000 28-64#ooo 64,000+ Total
(%) (%) (%) (%) ~ (%)

Residential 19.5a 35.8 18.6 26.7 22.9

Retail

Manufacturin&
Warehousing

20.0 18.5 “ 22.9 ‘ 7.4 19.5

22.2 15.8 23.6 16.6 20.8

Transportation,
Utilities,
communications 2.0 1.6 3.7 9.6 2.2

b

Medical,
Government 4.0 0.4 4.0 6.4 3.4

Office,
Services 11.2 3.2 1.8 1.2 9.0

Garaging
locations 9.3 18.4 13.1 19.0 11.5

Other 11.8 6.3 123 13.1 10.7

a Percentageof allcornmeraal vehicletrips.

Cimbridge Systemtics, Inc.
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Activi@/Land Use Linkages at Trip Ends

Table 3.13 displays all trip end activity/land use linkages which account
for eight percent or more of the total vehicle trips by weight category.
Lea-ding at manufacturing and warehousing sites is important for all
vehicle sizes. Vehicles in the smallest weight category are unique in the
importance of residential service calls. Vehicles in the second weight
category (8-28,000 lbs) are unique in the importance of combined loading
and unloading operations, at both residential and retail locations. Loading
at residential locations - largely solid waste pick-ups, for example - is
important for trucks weighing 28-64,000 lbs. For the largest trucks, the
most important activities are loading, as noted above, and unloading at a
number of land uses. The preponderance of unloading at residential
locations reflects, to a large extent, the delivery of construction materials
including lumber and ready-mixed concrete. In a more detailed stu-dy,
residential construction sites would be considered in a separate land use
category. Jn this study, however, it was necessary to be consistent with the
outputs of land use forecasting and to consider such sites as residential
land.

Stop Locations

Overall, over one-third of commercial vehicle stops are made on-street. As
indicated in Table 3.14, there is considerable variation in this statistic for
the separate vehicle weight categories. Vehicles in the 8-28,000 pound
weight category make half of their stops on-street, while for heavier ve-
hicles the percentages are 11 and 18 percent, respectively. The percentage
for the lightest vehicles is nearly the same as the overall average.

I

Trips by Time Duration

The distributions of vehicle trip times, and the corresponding averages, are
shown in Table 3.15. These distributions are based on the times between
successive vehicle stops; they include time spent stopping. For this reason,
they exceed the more relevant trip times discussed in section 4.2, which
reflect only origin to destination travel times over minimum paths, as
determined from the offpeak highway network. Overall, the average trip
time is 28.1 minutes. Generally, average trip times increase with increasing
vehicle weight.

Gmbridge Systsmatics, Inc. 3-13
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Table 3.I3 Activity/Land Use Linkages at Trip Ends

Vehicle . . Percentageof
Weight Activity at Land Use at all Trips by

(lbs) Trip End Trip End Weight Category

o-woo Loading Manufacturin&Warehousing 10

,, Urdoading Retail 11

,* Unloading Manufacturin&Warehousing 8

,, Servicecalls Residential 10 ‘

8-28,000 Loading Manufacturin&Warehousing 8 $
b

,, Loadingand Residential 34
unloading ‘

,, Loadingand Retail
~.:

unloading

28-64,000 Loading Residential 10

,, Loading Manufacturing,Warehousing 12

,, Unloading Retail 17

,, Unloading Manufacturing,Warehousing 9

64,000+ Loading Manufacturin&Warehousing , 10

,, Unloading Residential 30

,, Unloading Transportation,Utilities 9
Communication

,, Unloading Hospitals,Government 8

Note Onlyactivity/land use linkages which acco-t foreight percentOrmore Of~ triPsby ‘eight
categoxyare includedin the table.

Cmnbrkfge Systematic, h. 3-14
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Table 3.14 On_Street Stops

‘“-Vehicle Percentageof

Weight VehicleTrips

(lbs) Stopping On-Street

0-8,000 36.8

8-28,000 50.2
.

28-64,000 10.9

64,000+ 17.5

AIIVehicleTrips 38.3

Table 3.15 Distributions of Trip Durations

Vehicle Weight (lbs)

Time Range
(minutes) 0-8,000 8-28,000 28-~000 64,000+ Total

(%) (%) (%) (%) (%)

o-5
5-1o
10-15
15-20
20-25
25-30
30-45
45-60
60-75
75-90
90-105
105-120
120+

18.5a
17.2
17.3
8.6
6.1
9.6
8.8
3.6
4.8
2.1
0.1
0.8
2.6

37.7
16.6
10.5
10.6
3.2
7.9
3.6
4.1
0.2
0.2
0.5
0.2
4.7

13.3
17.2
20.5

8.5
4.4
8.5
8.5
5.5
2.6
2.0
0.7
1.4
6.8

1.8
2.8
5.8
5.7
6.5

13.6
15.5
9.2
9.2
5.3
4.3
5.8

14.5

20.4
16.1
15.3

8.5
5.3
9.0
7.8
3.7
3.9
1.7
0.3
0.8
7.2

Average (min.) 23.9 18.8 30.1 57.6 28.1

Note Thesetrip durationsincludetime for loadin~ unloadin~ etc., at each stop. SeeTable4.6 for
estimatesof timespenttravelingper trip.

a Percentageof all commercialvehicletrips.

Cambridge Systa~fifi, Inc.
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Trips by Travel Distance

Table 3.16 provides distributions of trip distances, based on starting and
ending-odometer readings for individual trips. The trip-based average
values show major differences from the vehicle-based averages in Table 3.6
both due to the difference in weighting and due to the large number of
data records of both types with missing odometer data. The poor re-
porting of odometer data as probably due to the difficulty in obtaining
cooperation from vehicle drivers to provide more odometer information
than they normally must provide. Because network-based distances can be
estimated for all reported trips, the lack of complete odometer data was not
critical. For most purposes, the information shown in Table 3.16 is more
relevant; it is also more consistent with the network-based values discussed
in Section 4.2.

Table 3.16 also provides the average speeds by vehicle implied by the
average times and distances from Tables 3.15 and 3.16, respective y. The
results indicate a reasonable range of average speeds by vehicle size.

b

Camhdge Systematic, Inc. 3-16
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Table 3.16 Distributions of Trip Distances

.. .
Vehicle Weight (lbs)

DistanceRange
(miles) 0-8,000 8-28,000 28-64,000 64,000+ Total

(%) (’%) (’%) (%) (%)

o-1
1-3
3-5
5-1o
10-20
20-40
40-60
60-80
80-100
100+

Average (miles)

speed
(miles/hour)b

10.9
17.6
17.1
18,2
19.8
9.4
1.9
0.8
0.2
4.1

14.1

35.4

32.3
17.9
9.7

21.9
9.5
3.9
2.7
0,6
0.0
1.5

8.5

27.2

15.8
17.1
12.3
16.1
21.7
11.1

1.7
1.2
1.2
1.9

13.3

26.5

2.2 ,
3.1
4.3

12.0
36.6
27.5

3.9
1.9
1.0
7.4

27.1

28.2

14.7
17.4
15.4
18.7
18.3
8.8
2.0
0.8
0.2
3.6 ,

13.3

28.4 -

a Percentage of allcommeraal vehicletrips.

b Calculatedas milesper trip from thistabledividedby timeper trip (includingstoppedtime)from
Table3.15.

Cwbridge Systsmtics, k.
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4.0 Urban
Travel

Commercial Vehicle
Models

~ 4.1 Trip Generation

Trip File Processing

One of the primary files for trip generation model development consisted
of 32 district-weighted totals of trip ends by weight class (four categories)
and by trip end activity (eight categories: loading, unloading, loading and ~
unloading, service calls, vehicle maintenance, personal business, to/from
the garaging location, and total for all activities). The survey data was ag-
gregated to the district level in an attempt to reduce the random sarnpl@g
variability due to the small sample size of 3,400 trips. The trip file was
merged at the zonal level with the MAG zonal data for 1990 prior to its
aggregation to the district level. The district level file also contains sum-
mations of each of the following variables from the MAG file:

“ Number of households (four categories plus total);

Q Number of employees (five categories plus total);

“ Average household income;

● Total developable land area; and

● Total vehicles.

The second file used for trip generation model development was the
weighted trip file used for statistical analysis of, the survey trip data. It
provides trip totals by weight class and land use category, as discussed in
Section 3.2 and presented in Table 3.12. These totals, for all land use
categories except garaging locations, could be used together with house-
hold and employment totals for the entire MAG study area to obtain land
use/employment based trip rates.

Gmbridge Systmmtics, Inc. 4-1
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Alternative Model Forms

Linear Regression Models

The activity-based trip end totals by district developed in the first file
described above and summations of these totals by vehicle weight class
were used to estimate a wide range of models using stepwise and standard
linear regression.

Trip totals by trip end activity were used in an attempt to obtain models
sensitive to the unique mixes of these activities by vehicle weight class, and
to the potentially unique independent variables related to each activity.
The final models, however, were always seen as being specific only to
vehicle weight class, not also to trip end activity. Thus, a number of can-
didate models were developed using the activity-specific trip end totals,
but these were subsequently aggregated to provide totals by vehicle
weight class before comparisons were made between alternative model
forrmdations.

The first step in developing candidate linear regression models was the&e
of stepwise regression to estimate aIl 32 activity/weight class-specific
models both with and without estimated intercept values. Models withou~
estimated intercepts are preferable to avoid problems in transferring the
results from the district to the zonal level of aggregation and in estimating”
trip ends accurately in small zones and districts. Review of the initial
estimation results revealed that the specification of models without in-
tercepts did not change coefficient values or reduce goodness of fit
measures significantly, so all subsequent estimation efforts were limited to
models without estimated intercepts.

The second step in developing candidate linear regression models was the
specification and estimation of five sets of five weight class-specific models
using the following specification strategies:

●

●

Strategy 1- Summation over trip end activities of the 32 zero-intercept
modeis obtained using stepwise linear regression to provide five
models: four for vehicle weight classes 1 to 4, respectively, and one for
the total of vehicle weight classes 3 and 4.

Strategy 2- Direct estimation using stepwise linear regression of five
weight class-specific models.

Strategy 3- Stepwise estimation of 32 models in which the first two
variables included in the models are forced to be total households and
total employment; followed by summation of the results over activities
to provide five weight class-specific models.

G7mbridge Systmrmtics, Inc. 4-2
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●

●

‘Strategy 4- Direct estimation of five weight class-specific models using
stepwise linear regression starting with total households and total ~
emplopnent variables.

Strategy 5- Direct estimation using standard linear regression of five
weight class-specific models with the specifications found for each
weight class in each of the previous strategies, followed by selection of
the model having the correct signs for its coefficients and the highest
R-square of the tested alternatives.

The results obtained for aIl five strategies are summarized in Table 4.1,
which provides the number of variables and R-squared statistic for each
weight category.

Generally, the best of these models provide acceptable goodness of fit
measures, given the small sample size available in the commercial vehicle
survey. There are potential problems, however, due to the lack of con-
sistency in the variables used to estimate each of the 25 candidate models.
Furthermore, the number ,of variables included in 14 of the models is fe~er
than five; these models are not able to capture many of the potential factors
affecting commercial vehicle trip generation.

Land Use-Based Rate Models

Because the commercial vehicle survey includes information on land uses
at trip ends and the MAG zonal data includes the number of residents and
employment by land use category, it was possible to determine trip rates
by land use category. As defined for use in this project, these rates have
the following form:

trucktrip rate for landuse category i =

totalstudy area trips to landuse catezorv i
totalstudy area employmentat landuse category i

The five categories of land use available in the MAG zonal data, and the
corresponding categories used in the truck survey, are shown in Table 4.2.

An additional land use category, residential land, was included in the
survey. For trips to and from this category, ,the trip rate was defined as
follows:

total study area trips to residential land
total study area households

It should be noted that each of the trip rates defined above includes a
minor mis-specification error, since the reported trips include those made
to construction sites, but the land use data do not identify these sites
explicitly. However, since constriction activity is also not predicted

Gmbridge Systematic, hc. 4-3
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Table 4.1 Summary of Linear Regression Model Results

/ . . VehicleWeight (lbs) ‘
Model

Specification
Strategy 0-8,000 8-28,000 2&64#ooo 64,000+ 28,000+

1 12/0.66= 6/0.36 7/0.59 8/0.40 8/0.60

2 4/0.76 2/0.43 1/0.59 3/0.63 3/0.76

3 9/0.66 3/0.15 5/0.58 5/0.37 7/0.60

4 2/0.74 2/0.25 3/0.74 2/0.58 2/0.74

( 5 8)0.77 2/0.43 3/0.74 3/0.63 8/0.76

b

a h eachcell,the firstvalue is the numberof variablesintheselectedmodel. The secondvalue is the
R-squaredstatisticfor themodel.

Table 4.2 Correspondence Between Employment and Land Use
Categories #

MAG Zonal Truck Smey
Employment Category Land Use Category

Retail Retail

Industrial Manufacturin&warehousing

. Public Medical,government

Office Office,services

Other Transportation,utilities,
communication,other

Gwbridge Systsmafics, hc. M
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-.

explicitly for futme years and all present And future commercial vehicle
trips must be accounted for, this mis-specification cannot be avoided as ,
part of a-long-range travel forecasting model.

Although the land use-based trip rates defined above account for most
truck trips reported in the survey, they do not include trips to and from
garaging locations. Information on land uses at these locations was not
requested in the travel survey. To overcome this data limitation, the
equations estimated for trips to and from garaging locations in Strategy 1
were added to equations based on the trip rates defined above. The
characteristics of the final land use-based models for the five vehicle
weight categories are summarized in Table 4.3.

These models have the advantage of a consistent set of independent
variables. Like the regression models, they have no constant term and thus
are well-suited for application at both the zonal and the district level.
Finally, their R-squared statistics are comparable with those of the al-
ternative regression models.

Model Selection
b

Based on the considerations discussed above, the land use-based model for
each weight class was evaluated against the corresponding best regression.
model, mainly with respect to the models’ accuracy in replicating the
district-level survey results. Table 4.4 summarizes this evaluation.

Those results indicate that the land use rate models have lower coefficients
of variation, and thus are to be preferred over the linear regression models
for statistical reasons as well as for reasons related to consistency and
numbers of variables, as discussed previously.

The modeling results obtained for the two heaviest vehicle weight classes
combined indicate that, from the standpoint of predicting trip generation,
this classification strategy is preferable to keeping these weight categories
separate. A final decision on this issue was not made, however, until the
average travel times, based on MAGs network data, were determined for ‘
each category and preliminary distribution model results were obtained.
Thus, models based on both classification strategies were developed and
used at the beginning of the trip distribution modeling task.

The final estimated trip generation models are presented in Table 4.5,
which contains the coefficients assoaated with each independent variable
for each model. The following equation, for cmnrnercial vehicles less than
8,000 pounds, illus~ates how the rates shown in Table 4.5 are used in the
trip generation models:

Gmbridge Systemntics, Inc. ~ 4-5
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Table 4.3 Summary of Land Use-Based Model Results

Vehicle Weight Number of R-Squared
(lbs) Variables Statistic

0-8,000 7 0.64

8-28,000 7 0.29

28-64,000 7

64,000+ 8

28,000+ 9

0.57

0.29

0.55

b

Table 4.4 Coefficients of Variation
Land Use-Based Models

for Regression and

Coefficientsof Variationa

Vehicle Weight, Linear Regression Land Use
(lbs) Models Rate Models

CL8,000

8-28,000

28-64,000

64,000+

28,000+

0.89

2.28

0.92

0.99

0.82

0.78

1,10

0.81

0.98

0.81

a Coefficientof Variation= StandardError of Estimatedividedby the mean value
of the dependent variable

Cmbritfgc SySt@f17fiCS,h. 4-6
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Table 4.5 Final Trip Generation Models

. ..
Vehicle Weight (lbs)

Independent
Variable 0-8,000 8-28,000 28-64,000 64,000+ 28,000+

Total households 0.15433’ 0.06859 0.00671 0.00590 0.01260

Retail employment 0.59091 0.13253 0.03075 0.00609 0.03685

Industrkdemployment 0.64087 0.09972 0.03210 0.01781 0.04991

Publicemployment 0.29491 0.00596 . 0.01349 0.01049 0.02398

Officeemployment 0.30925 0.02119 0.00225 0.00Q95 0.00320

Otheremployment 0.76348 0.10567 0.04026 0.03500 0.07527 ,

Residenthouseholds 0.04004 -- 0.00288 -- 0.00288

Groupquarterhouseholds - 7.52348 .- ..

Total area (acres * 100) -- -- 0.00365 0.00365 -

Vehicles -- -- 0.00062 0.00062

a Commercialvehicleoneway tripsper one unitof the independentvariable.

Note The coefficientsshownheredo not reflecttheresultsof the trafficcalibration/assignment
phaseof the project. SeeSection4.3for a discussionof the finalregionalfactorsused to
estimatetotalcommeraal vehicletripgeneration.

Ciwbridge Systmu?tics, Inc. 47
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TJUPSi =

where:

TIUPSi =

RETEMf’i=
INDEMPi =
PUBEMPi =
OFFEMPi =
OTHEMPi=
RESIW$ =

0.15433 * TOTFEIi + 0.59091 * RXTEMPi
+ 0.64087* DJDEMPi + 0.29491 * PUBEMPi
+ 0.30925 * OFFEl@i + 0.76348 * OT’I-EiMPi
+ 0.04004 * RESliMi

total average weekday commercial vehicle trips for vehicles
less than 8,000 pounds originating in (and the total destined
for) zone or district i.
total households in zone or district i.
total retail employees in zone or district i.
total industrial employees in zone or district i.
total public employees in zone or district i.
total office employees in zone ,or district i.
total other employees in zone or district i.
total resident (non-group quarters, non-temporary, and non-
seasonal) households in zone or district i.

9 4.2 Trip Distribution

Network-Based Average Trip Times

Six zonal level trip tables were developed using the weighted truck travel
survey data. Four of these tables represent the trips made by vehicles in
the four weight classes used throughout the project. The fifth table com-
bines the two heaviest weight classes and the sixth table includes all
weighted survey trips.

A table of zone-to-zone off-peak highway skimmed travel times for
Phoenix’s existing highway system was obtained from MAG. This table
was combined with the six truck trip tables described above to obtain
travel time distributions and average times by vehicle class. These results,
plus the trip totals per table, are shown in Table 4.6. The averages by
vehicle weight category are much less than those obtained from vehicles’
reported stopping times per trip (see Table 3.16), reflecting the elimination
of stopped time from the averaging process and reflecting differences
between times based on minimum paths in a highway network and times
reported by vehicle drivers.

Cambridge Sysfemutics, Inc. 4-8
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Table 4.6 Characteristics of Zone-to-Zone Trip Tables Based on
Survey Data

Vehicle Weight (lbs)

All
0-8,000 8-28,000 28-64,000 64#ooo+ 28,000+ Trucks

Total Weekday
Daily Tnpsa

AverageTrip
Time (minutes)

Trip Time
Distribution
(percentages)

0- 15 minutes
6-10

11 - 15
16- 20
21 - 25
26-30
31-40
41-50
51-60
61 - 70
71-80
81-90
91 -100

101 -110

702277

16.4

21.2 b
20.4
19.2
12.4
6.5
8.2
6.1
2.3
1.5
2.2

.

.

.

.

187,855 31,944 19,430

11.9 16.2 23.1

42.3
20.2
10.3
9.4
5.1
1.9
7.9
1.8
0.6
0:6

.

.

27.8 17.2
17.1 5.7
15.1 5.8
8.5 16.6
8.2 16.7
7.4 8.9

10.6 17.5
3.8 6.3
1.1 4.1
0.6 0.9

0.3
.

-

0.1 .

51377 941,613

18.8 15.6 ~

23.8
12.8
11.6
11.6
11.4
8.0

13.2
4.7
2.2
0.7
0.1

.

.

25.5 ‘
20.0
17.0
11.8
6.5
7.0
6.8
2.3
1.3
1.8

.

a These totals do not reflect the results of the calibration/assi@ment ph~e of the project”~
Section 4.3 for additionalfactomappliedto the triptotalsshownhere.

b Percentageof total commeraal vehicle tips by vehicle weight category.

Cmbridge Systematic, Inc. 4-9
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Model Structure—.

For consistency with MAGTPOS person trip models and with the state of
the modeling practice in many US metropolitan areas, the standard
gravity-type model structure was selected for commercial vehicle trip
distribution modeling in the Phoenix metropolitan area. This structure is
one in which trips for a particular category (in this case, commercial
vehicle trips by weight category) between a production zone i and an
attraction zone j are directly proportional to the total number of trip
productions in zone i, attractions in zone j, an attractiveness factor based
on the impedance (in this case, offpeak highway travel time) from i to j
(although this factor decreases for larger values of impedance as an
attractiveness measure should, it is termed a friction factor in the trans-
portation literature; to avoid confusion, the standard terminology will be
used in the remainder of this section) and, optionally, an adjustment factor
(K-factor) which varies by origin and destination superdistrict (no
K-factors are included in these commercial vehicle models). Because a
share formulation is used, the number of trips between zones i arid j is
ihversely proportional to the numbers of attractions in all other zone~, to
the friction factors from i to each of these zones, and, optionally, to
K-factors from zone i to each of these zones. The friction factors are
normally estimated iteratively for each trip category using a gravity .m,odel
calibration program which attempts to match the observed impedance
distributions.

Gravity Model Calibration

Number of Vehicle Classes

The average trip times for the two heaviest vehicle categories are quite
different, but a final decision to combine these into a single heavy vehicle
category was not made until initial gravi~ model calibration results were
obtained. These initial results were obtained by running the lTU4NPLAN
calibration program for three trip tables, representing the following vehicle
weight ranges:

●

●

●

28-64,000 pounds;

64,000 pounds and greater;

28,000 pounds and greater - the summation of the two heavy-vehicle
categories.

The observed and predicted average trip times for these three models, and
the corresponding percentage errors, are provided in Table 4.7. The
average trip time for the combination of the two heaviest vehicle classes is

Cmnbridge Systmafics, fm. 4-1o
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Table 4.7 InitialCalibration Results
Vehicle Categories

for Alternative Heaw
J

Average Trip Times (minutes)
VehicleWeight Percentage

(lbs) Obsemed Predicted *or

28-64,000 16.2 15.9 -1.3
64,000+ 23.1 23.9 +3.s
28,000+ 18.8 18.9 +0.5

Table 4.8 Observed and Average Trip Times for t
The Final Distribution Models

Average Trip Times (minutes)
VehicleWeight Percentage

(lbs) Observed Predicted f Error

0-8,000 16.4 16.1 -2.0

8-28,000 11.9 12.2 +2.6
28,000+ 18.8 18.8 +0.2

Cambridge Sysfsmatics, Inc. 411
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predicted much more accurately than are the corresponding averages for
th-eseparate classes. Based on these results, and the small sizes of both of
the heavy-vehicle trip tables, the gravity model for a single heavy vehicle
category, 28,000 pounds and greater, was selected rather than the two

models for 28-64,00b pounds and 64,000 pounds and greater. This selection

does not imply that vehicles in these two weight categories have the same
trip patterns; only that more accurate models can be developed when the
two categories are combined then when they are not.

Final Distribution Models

Comparisons of the predicted and observed trip time distributions from
initial calibration runs for all three vehicle weight categories revealed
significant variations, even when average trip times were very nearly
matched. Furthermore, increases in the number of calibration iterations
did not improve these initial results. A careful review of the calibration
algorithm used in the TIU4NPLAN package revealed that its friction factor
smoothing process was apparently responsible for these results - by fitting
a smooth log-linear function to the adjusted friction factors, the required
adjustments were being cancelled out on each iteration.

●

This problem with the available gravity model calibration program was
overcome by switching to an iterative application of the TRANPLAN
gravity model calculation program, supplemented by a spreadsheet to
assist in making manual friction factor adjustments. As in the T&4NPL@l
calibration process prior to smoothing, the manual adjustments involved
re-estimating each friction factor using a correction term equal to the
desired fraction of trips in a travel time range divided by the previously
estimated fraction in this range. Rather than using constant travel time
ranges of one minute, the travel time ranges were selected to ensure that
the resulting friction factors would always decrease as travel times in-
crease. This procedure converged after just 3-5 iterations (beginning with
the results of a five-iteration run of the calibration program) to models with
acceptable travel time averages and distributions. Tables 4.8 and 4.9
provide comparisons of the observed and predicted averages and distri-
butions for these final models. Appendix D lists the corresponding friction
factors for each model.

Gmbridge Systenmtics, hc. 4-12
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Table 4.9 Observed and Predicted Trip Time Distributions for
The Final Distribution Models

.

Vehicle Weieht (lbs)

0-8,000 8-28,000 28,000+
Trip Time
(minutes) Observed Predicted Observed Predicted Obsemed Predicted

(’%) (%) (%) (%) (%) (’%)

o- 5 21.2= 21.0 42.3 41.3 23.8 21.8
6-10 20.4 20.8 20.2 19.4 12.8 13.4

11 - 15 19.2 19.1 -10.3 10.8 11.6 12.2 “
16 - 20 12.4 12.6 9.4 9.7 11.6 12.6
21-25 6.5 7.6 5.1 5.4 11.4 11.8

\ 26 - 30 8.2 6.6 1.9 3.8 8.0 10.0
31 - 40 6.1 6.3 7.9 5.7 13.2 10.4 ,
41 - 50 2.3 2.9 “1.8 2.6 .4.7 4.7
51 - 60 1.5 1.8 0.6 0.9 2.2 2.4
61 - 70 2.2 0.9 0.6 0.3 0.7 0.7
71-80 - 0.3 - 0.1 0:1
81-90 . 0.1 - . .

.91 -100 -

101 -110 .- - .

a Percentageof total vehicle trips by weight category.

~t?fb~~ge syskItt17fiCS,hC. 4-13
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■ 4.3 Calibration and Traffic Assignments

The Current Internal Commercial Vehicle Travel Forecasting
Process ..

MAG’s current travel modeling process, as updated in 1988, includes a trip
generation model for a single category of internal truck trips representing
all weight classes, plus a single gravity model. The trip generation model
was borrowed from the forecasting system developed, for the Detroit
metropolitan area by the Southeast Michigan Council of Governments
transportation staff. The gravity model was developed using Phoenix data
collected more than 15 years ago. The internaI commercial vehicle trips
estimated by this gravity model. are added to all other vehicle trips, in-
cluding external truck trips which are estimated based on a recent external
vehicle trip survey, and assigned to the Phoenix highway network using a
network equilibrium pEocedure.

During the 1988 model updating process, these internal truck generation
and distribution models were considered as temporary “place holders”, to
be replaced by the models developed in this project. However, they were
also used to perform the final adjustments required to calibrate the
complete vehicle trip modeling system to match current vehicle-miles of
travel (VMT) data for the entire Phoenix metropolitan region. Thus, a
regionwide factor of 1.38 was applied to the results of the current trip
generation and distribution models as these trips were added to all other
vehicle trips prior to the traffic assignment step. The overall adjustment of
38 percent provided by this factor represents the total effect of each of the
following components of changes in internal truck travel:

●

●

●

The expansion of truck vehicle trips to the equivalent number of two-
axle counts, as measured by the automatic traffic recorders used to
estimate the total VMT in the Phoenix area.

The adjustment of internal truck travel estimated with the current
models used in Phoenix to represent the actual internal truck travel in
the Pho@x area.

The exuansion of Phoenix internal truck travel to compensate for any.
under-~eporting in the latest Phoenix travel surveyor u&ier-estimation
in the updated non-truck Phoenix models.

Only the first component, accounting for internal truck axles rather than
trucks, can be determined accurately using the available data. The other
two factors cannot be isolated to determine the relative importance of the
adjustments due to model transfer and those due to under-reporting of
non-truck travel.

Cambridge Systematic, Inc. 4-14
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Adjustinents of the New Truck Models

It was necessary to incorporate the first and third adjustment components
listed above also in the calibration process for the new models. In addition,
although no adjustments are required due to model transfer, an adjustment ~
was required to account for the fact that only the trips made by commeraal
vehicles registered in Maricopa County are included in the models devel-
oped in this project. As these models are integrated into the MAG fore-
casting system, they must be adjusted to represent all internal commercial
vehicle trips, including those made in the study area by vehicles registered
outside Maricopa County. As in the case of the current models, the net
effect of the factors due to vehicle registration location and under-reporting
can be determined, but the separate factors making up this total adjustment
cannot be isolated. Thus, the calibration process for the new models con-
sists of two steps:

●

Expanding the commercial vehicle trips by weight class to account for
the average number of axles per vehicle in each class. b

Expanding total commercial vehicle trips so that total estimated and
observed VMT in the Phoenix region are equal. This expansion factor
represents the net effect of internal trips by all commercial veh”icles
versus those by vehicles registered in Maricopa County, and of, any ~
under-reporting or under-estimation in any of the Phoenix models
which aff~ct the ~umber of truck and non-tru& vehicle trips.

The subsections which fo~ow describe these two steps.

kles per vehicle Trip Factors

Table 4.10 summarizes the information obtained in the coirunercial vehicle
survey concerning axles per vehicle trip by weight category. In the light
vehicle category, all vehicle trips are made using vehicles having two axles.
Only 3.7 percent of medium vehicle trips have more than two axles; the
average number of axles for this group is 2.056. In the heaviest group,
most vehicle trips are made by vehicles with three axles; the average is
3.124. When each of these averages are divided by two, factors are ob-
tained which can be used to increase the number of medium and heavy
vehicle trips to account for those made by vehicles with more than two
axles. Overall, this adds 3.3 percent more vehicle trips and vehicle-miles of
travel to that provided by the unadjusted vehicle trip models.

Combined Registration and Under-Reporthg Factor

When the average travel t~e statistics by weight class and the overall
average speed for the entire expanded Phoenix travel survey are applied to
the survey’s total commercial vehicle equivalent two-axle trips, an

Cambridge Systemfics, Inc. 4-15
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Table 4.10 Axles per Vehicle Trip

Vehicle Weight (Ibs). .
Number All
of Axles 0-8,000 8-28,000 28,000+ Vehicles

(%) (%) (%) . (%)

2

3

4

1O(P

.

96.3

1.9

1.6

24.1

57.5

2.4

95.6

3.2

0.4

5 . 0.2 14.0 0.7

6 2.0 0.1
b

Averages 2.000 2.056 3S24 2.066

a Percentageof totalcommercialvehicletripsby weightclass.
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es~ated of 7.182 million vehicle-miles is obtained .1 This value compares
with 11.659 million VMT, the difference between the total observed two-
axle VM.T in the Phoenix area and the total estimated by all current
Phoenix models except the temporary internal truck trip model.2 Thus, the
combined registration/under-reporting factor, the ratio of the latter numb-
er to the former, is 1.623.

Model Implementation

The adjushnent factors described above were combined with the trip gen-
eration models listed in Table 4.5, the trip distribution models described in
the previous section, and MAGs current vehicle trip assignment procedure
to fully implement the new commercial vehicle models as an integral part
of the total Phoenix travel forecasting system. Appendix D lists these
changes, which have also been provided to MAG in computer-readable
format.

b

■ 4.4 Model Transferability

Because travel patterns are often found to vary to a large extent from one
urban area to another, the safest means of using the results of this project in
another city would be to repeat the travel survey and model development
tasks using the procedures found to be most effective in this project. The
information requirements of this s~ategy wo~d be ~~in tie usual capa-
bilities of local and regional agencies responsible for transportation
planning. These requirements include:

●

●

●

A file from the Arizona Department of Motor Vehicles, or corre-
sponding agencies in other states, of all commercial vehicles registered
to owners in the planning agency’s study area;

The ability to ge~code street addresses to traffic analysis zones;

Current zonal data on households and employment by type, on ve-
hicles, and on land area;

~/ Table 4.6 provides trip t~tals by weight class. The predicted average trip
times for all trips is provided in Table 4.8, and the average speed in
Table3.16.

~/ As reportedby PriscillaJohnson,MA-, JUIYW, 1991.
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A matrix of zone-to-zone offpeak highway travel times in the year of the

commercial vehicle travel survey;

An existing model system to which truck travel models can be added, or
in which existing truck havel procedures can be replaced; and

● Estimates of regional vehicle-miles of travel by commercial vehicle type
and by private automobiles.

AIthough the information requirements of this strategy for transferring the
procedures used in this project to other areas are reasonable, the costs of
doing so will be significant. Thus, it is important to explore less costly
means of transferring the modeling strategies developed in this project to
other urban areas. Recognizing the inherent tradeoffs between the reduc-
tions in costs and possible reductions in precision and accuracy involved in
alternative approaches, a number of possible approaches are described
briefly in this subsection. They are ordered from the least costly in terms of
resource requirements and development time to the most costly.

●

Complete Transfer of the Phoenix Models

[f planners in another urban area have no current tools to predict com-
mercial vehicle travel, they would be able to use the models developed in
this project, including its modeIi.ng strategies, model parameters, and UTT’S
travel forecasting procedures and setups. In this way they could imple-
ment a complete new set of commercial vehicle models. To the extent that
commercial vehicIe traveI patterns in Phoenix are representative of local
conditions, this approach would provide a useful tool for local planning at
a relatively small cost.

This approach would be a reasonable one for Tuscon, for example, which is
likely to be highly similar to Phoenix in terms of both current and expected
future travel behavior. It might also be appropriate in other large and
growing southern and western cities with either current or expected future
levels of commeraal vehicle travel similar to those in Phoenix.

Adjusting the Phoenix Models to Match Local Data

The previous strategy could be improved at low cost by adjusting the
Phoenix models to match local information on commercial vehicle reg-
istrations and/or vehicle-miles of travel for the entire study area, following
the strategies used for Phoenix. As discussed in Section 2.4, information on
total vehicles registered by weight class was used to provide preliminary
expansion ‘factors for both vehicles and trips. Changes in registrations per
employee could thus be used to adjust the Phoenix trip generation models

Cambridge Systematic, Inc. 4-18
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foi- application in other cities. Similarly, changes in the resulting models
could be adjusted to match total commercial vehicle-miles of travel, as
discussed in Section 4.3. As in the case of Phoenix, vehicle-miles of travel
data can be obtained from local vehicle classification counts. Thus, after
revjsing the Phoenix trip generation models, a set of commercial vehicle
models calibrated to local regionwide data can be obtained,

The Phoenix trip distribution models could also be adjusted, if local data
on average commercial vehicle trip lengths are available. However, this
information is not likely to be available unless a recent commercial vehicle
travel survey has been conducted.

If any model parameters are revised to reflect local conditions in other ~
urban areas, changes of various types will be required in the programs
which implement the models. These changes include the following: -

Revisions to the trip generation models implemented in Fortran to
reflect coefficient changes required to match local measures of vehicle
registrations and/or vehicle-miles of travel; and ●

Revisions of the friction factors input to the trip distribution models ~. -
implemented in AGM to reflect changes required to match local data on
average trip lengths.

Development of a “National Model”

Perhaps the ultimate extension of the models developed in this project to
other urban areas would involve their generalization to create a “national
model”, taking the Quick Response System3 as a pattern. This would
involve combining the existing models with information in the UMTA
reports “Characteristics of Urban Travel Demand and “Characteristics of
Urban Travel Supply” to provide tables of each of its parameters as these
are likely to vary by urban area type and size. Although this would
involve a significant amount of effort, it would provide all urban areas
with versions of the models developed in this project which, in the absence
of local data and model estimation, could be used to estimate commercial
vehicle travel with acceptable levels of accuracy for sketch planning pur-
poses, such as performing initial feasibility assessments of new highway
facilities with or without features designed for exclusive use by either
autos or commeraal vehicles.

~/ Sosslau,A.B.,~ aJ “Quick-ResponseUrbanTravelEstimationTechniquesand
Transferable Parameters, User’s Guide”,-- ~ Washington
D.C., 1978.
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Appendix A

,..

= Mail-Out Travel Suwey Forms

we pages which follow provide a copy of the complete survey package
mailed, with a postage paid return envelope, to selected commercial
vehicle owners in the Phoenix metropolitan area.

*

Cambridge Systmntics, Inc. A-1



a& MARICOPAOA660C!ATIONQOPGOVERNMENT8
G .Transportation6 PlanningOffice,~.~~W,,S,.,MS(,,,s,,~,,

Phcwnix.ArlZ(>rlauXw7
(f-X72)2.5.%7s67

Dear Truck owner, –-

Enclosed you will find a Vehicle Trip Record designed to study commercial vehicle
transportation and tsavel- activity. The suzvey will play an important past in
planning for future transportation needs here in the Valley. We are interested in
learning more about the.day-to-day travel behavior of commercial vehicles in Maricopa
County. We need your help. The vehicle with the license plate number listed on the
label attached to the survey is the vehicle that should have its travel activity
recorded on this Vehicle Trip Record. By having the driver -ofthat vehicle fill out a
travel log for just one day, you will help us learn more about how to help address
tiizona’s transportation concerns. We need the travel activity of that vehicle for
Tuesday, October 3, 1989.

mom w

The 14aricopa AssociaeLon of Governments (MAG) is a voluntary association of local
governments that does transportation planning for Xarlcopa county. Research studies
about transportation are conducted so that we can learn more. about how to solve
traffic problems that affect the Valley. We also maintain computer programs that help
us to project future traffic patterns.

*

ABOUT THE STUDY

This Vehicle.Trip Record is being filled out by several hundred commercial vehicle
drivers in Maricopa county. Vehicles are randomly selected to participate in the
study, and yours is one that has”been selected. The info=tion about the use of YOU=
vehicle will enable 14AGto understand “a day in the life” of this county’s fleet of

coasnercial vehicles. We want to know what the vehicle is used for and where Lt goes.
We are interested in the vehicle, but we
Trip Record, your driver will be giving
else. Through your record, we will learn

~UT THE RESULTS

AU information gathered fox this study

need your help. By filling out the Vehicle
us information that we cannot get anywhere
more about that vehicle and othe:s like it.

is coming from individuals just like your
drivers who are filling out identical Vehicle Trip Records. All of the information
will be treated with the utmost confidentiality. We will use”the Information only fo=

U purposes, to help us prepare future transportation bprov-ent programs. Programs

that we hope will help you.

You really count to us. Can we count on you? In expectation of getting yjourhelp

with this study, I thank you. If you have any concerns about partieipati.ng in the
research, please call our Survey Information telephone line at 967-4441.

TO proceed, the addressee should complete the first page of the Vehicle Trip Record
and then forward the record to the driver of the appropriate vehicle as indicated on
Page 1.

Yours appreciatively,

,-
MAG Transportation & Planning
Office Manager

Avo!unta~ Assodationof LOCaf

1
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ADOTCOMMERCIALVEHICLE TRIP RECORD——,.
‘** A personal MessageTo The Driver Or Drivers ● **

If youhaveanyquestions,pleasecallourSurveyInformationtelephonelii 9674441.

Whoshouldwecontactif we&wequestionsaboutyourVehicleTripRecord?

NAME

TELEPHONENUMBER

x x-”

INSERTLABEL HERE
,

x x,

1.Whatisthesrartingaddressfor thevtilcle listedonthelabelabve onthesurve date(thofustTuesday,Wednesdayor
Thursdaahr YOUrcc.eivd thissurvey)? PleasebeSPCCK:C!IndicateSt., Ave.,

{
d orth,South,Eastor West,noarcstitttcr-

acctioni streetaddressis unlmown.

- Wet Ad&e~

2.PleaselookatFigure1 anddeterminewhichvehiclelooksmostlikethisvehicle. In thespaceprovidedbelow,writoin
theletternexttothepictureof thevehiclewhichlooksmostlikethisvclicle, (ff thisvehiclenormallyoperateswithoneor
moretrailers,writeintheletterof themostamunontractor/trailerconfigurationusuallyural.)

LetterofVehicleFromFigure1:

3. If thisvelicle, whenusedasshowninFi e 1, hasmorethansixtires,pleasewtiteinancstimatoof w~t youthinkis its
rgrossweight.Ifthevehiclehassix tiresor CSS,goontoQuestion4. .

Grossweight

4. Howwillyoube usingthevehicle today?Pleasecircle“yes”or “no” foreach item Mow to tell us whether youwillusc
thevehicleforthatactiwtytoday.

a.Transportationbetweenhome andwork . . . . . . . . . . . . YES NO

b. Anywork-relatedpurposeotherthancommuting. . . . ~ NO-KX)MPISIfONOF
DIARY1SNOTREQUIRED.RETURN

I FORMINPOSTAGEPAIDENVELOPE
v

:

--=-== ~~~
Beforeyougo onto theTravelD- onthenextpage,wcwantto giveyouanidm of what we considertobeatriportrips
tobe recordedonthesepages. We will usc theexampleofa ten-wheeltracttxwhichis nosmallyusedwithan eight-wheel
scmhrailertodelivabuildingsupplies ,

Trip1

Trip2

Trip3

Trip4

Trip5

Trip6

TrilI7

Loadedtractor-traikgoestirn warehouseto fm deliverysite,a new rcskkadal dovelopntcntunder
cmlstructiow

Emptytractor-traik returnstowsrshousctodropoff forr-loading.

Tractoroolygoesto truckstop(tmmpatationlandUSC)tobe refueled.

Tractorgoestorestaurant(retaillandUSC>driverhaslunch.
. .

Tractorreturnsto warehousetopick uploadedtrailer.

Loaded&actor-trailergoeshornwarehousetoscmnddeliverysite,whcxea~ospid k Wig expanded.

Emptytractor-trailerreturnstoWSMOUSC whcse it is parkedovernight.
9 ~~~
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Figure 1
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—.

Start time: — :— A. M./P.M. TRAVEL DIARY please recor, eat, trip
Start Odometer: in the order you make it.

rrlp Start Stop stop Name & Addreom of stoP Zipcode Activity Stop ON Land Use Vehicle Total
# Time Time Odometer P.leane give EXACT street” of stop at stop or OFF at ●top Type #

egvw A.w. IP. U.) addresa, St. vs Ave., etc. ● . . beaew.street ●900s!... S**b~}o-.axles
XAMP LE TRI PI (TRl! I #6 IN PRE1 ~lous EXAMPLE)

12:46 1:15 1346 N. 10th Street
6 6082.3 ‘ 86014 1 0

ON OFF
Warehouae #2, Phoenix 3 4 3

1. ON OFF
~- FM AU ● M

. .

2. ON OFF
AM ● M AU PM

“,

3. ON OFF

AM ● M &v ?M

4. ON Of F

AU ?U AU PM

b

6. ON OFF
AU ● M AM PM

,,

6. ON OFF

AU ● M Au ● M

7.
&u●M

ON OFF
AU ● M

8. ON OFF

AM ● M AU ● M

9. ON OFF

AM PM km●U

10. ON OFP
AU ● M AM ?W

1

LANO U8E AT 81OP
If your vohlolo mad. rnoro than

ACTIVITY AT STOP VEHICLE

10 trlpo during tho day.writ.
1.n**l**911bl

1.?808●*.L*ld TYPE
In tho lotal number of trips horo~

s. n-tall
s. owe ●ll. Ualotd 8. Uaaat**lm*lm#. 1. ●slml. bt

Wrlto In your tlnal odomotor rosdlng horo$
8. L*ba 8 ueleati Wemha,alns. ●I*. tem*k

4. ● *tvl*9 ●*II 6. Ttam*#*vtallw*
8. TPmmlett

0. ● m 9* wb1019
•aml~rall.r

ffhat was your tlnal stop addroms?
8. Ullblllma

0. u*sl/otb*t Pevamad
?. T1**l*rt

o. o*m9mml*allea*
T1*II**

4. ●obtall
?. WOQPIISIO a. c*9me**lel

8. ?mbllalomv*r9m*m8 Am**

6. 0tft**f89twla*m

At tho ● Itd of tlro trav.1day for C~IO Vohlelo, pIOaOO fold and return tho Vohlclo Trip Rooord by mall. Po.taootopaid.

PteasoMumW

ONEIL ASSOCIATES, INC. ““

.

412 EastSouthernAvenue
Tempe, AZ 85282

. ‘A-5
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AppendCx B

. .

■ The Vehicle Data File

Table B.1 documents the vehicle data file developed from the responses to
the Phoenix commercial vehicle travel survey. The file consists of 606 ‘
individual vehicle records, each containing 21 fields or variables. Tlie SAS
statistical analysis system was used during the project for all data
processing; the transmitted file is a “flat” ASCII data set which can be used
as input to all microcomputer or mainframe based statistical or data base
programs. The file name is ‘VEHICLE.DAT’.

GmnbridgeSystmutics,Inc. B-1
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Table B.1 Vehicle Data File Format

Field Variable column. . .
Number Name Location Formata Description and Codes

1

2

3

4

5

6

7

8

9

10

11

12

13

ID

DMVZIP

DMVWT

CLASS

SRTADD

SRTZIP

SRTTAZ

SR’ITIME

SRTAMPM

SRTODOM

FNLADD

FNLZIP

FNLTAZ

2-6

8-12

14-19

21

23-62

6468

70-73

75-79

81

83-92

94133

135-139

141-144

1

I

I

I

A

I

I

R.2

A

R.1

A

I

I

Survey identification
number;matcheswith
variableIDin theSumey
Trip File (Cl)

Zip code of mailing address
from DMV file

Vehicle weight from DMV
file (lbs)

Vehicle weight class:
1 = 0-8,000 lbs t
2 = 8-28,000 lbs
3 = 28-64,000 lbs
4 = 64,000+ Ibs

Address at start of first trip -
on suwey day

Zip code at start offirst trip

Trafficanalysiszone at start
of firsttrip

Sttiing timein theformat
xx.yy, wherexx = hours
(12-hourclock)andyy =
minutes

StartingtimeAM or PM
code

lor A=AM
2or P=PM

Startingodometerreading
(miles)

Address at end oflad trip
on survey day

Zip code at endof lasttrip

Trafficanalysiszone at end
of last trip

Gmbridge Systematic, Inc. B-z
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Table B.1 Vehicle Data File Format (continued)

Field Variable column
Number Name Location Formata Demription and Codes

14 FNLODOM

15 vEmE

16 COMMUTE

I

17 WORKREL

18

19 VEHDIST

20 VFACTl

21 VFACT2

146-155 R.1

157 A

159 I

161 I

163-165 I

167-176 R.1

178-187 R.3

189-198 R.3

Endingodometerreading
(miles)

Vehicletype code; codes
shownin Figure 1,
AppendixA

Vehicleusage for travel .
betweenhomeand worIc

l=yes
2=no

Vehicleusage for any ‘
work-relatedpurposeother
than COllUllUtin&

I=yes
2=no

Total tripsmade on survey
day

Total dailyvehicledistance
(miles)

Vehiclefactor 1: to match
populationtotalsby
DMVZIPand CLASS

Vehiclefactor2 to match
populationtotalsby CLASS

a The followingcodes are used:
I = Integervariable no dedmal included
A = Alphanumericvariable
R.n = Realvariable decimalincluded;n digitsto the rightof thedecimal

Cambridge Systematic, Inc. &3



UrbanTruck Travel Model

Appendix C

. .

9 Trip Data Files

This appendix documents two trip data files developed from the responses
to the Phoenix commercial vehicle travel survey. Each file is a “flat” ASCII
data set which can be used as input to all microcomputer or mainframe
based statistical, data base or transportation planning programs. These
files are:

. Survey Trip File. The information obtained in the trip diary portion of
the travel survey on 3,402 commercial vehicle trips was merged with
selected vehicIe data. The resulting file includes 29 fields or variablp.
The file name is ‘SRVIT@S.DAT’.

. Generation’ Data File. The survey trip file was aggregated to the
dis~ct of origin and destination level to provide 100 records for use in
trip generation model development. ‘A number of variables from”
MAG’s TAZ master file were also aggregated to the district level and
merged into this file. The resulting file includes 55 fields or variables.
me file name iS ‘GENDATA.DAT’.

The record formats for each of these files are provided in Tables C.1 and
C.2.

..

Gmnbridge Systmutics, Zrrc. c-1
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Table C.1 Survey Trip File Format— b

Field Variable column
Number Name. Location Formata Descriptionand Codes

Section1. Vehicle Data

1 ID 2-6 I

2 Dh4VWT 11-16 I

3 CLASS 18 I

VEHTYPE1 20 A

COMMUTE 22 I

6 WORKREL

..

7

8 VEHTYPE2

24 I

26-28 I

30 I

9 AXLES 32 I

Survey identificationnumber;
matcheswithvariableIDin the
VehicleData Fde (’8.1)

VehicleweightfromDMV file
(lbs)

Vehicleweightclass:
1 = 0-8,000 Ibs
2 = 8-28,000 lbs
3 = 28-64,000 lbs t
4 = 64,000+ lbs

Vehicletype code as registered;
codesshownin Figure 1, “
AppendixA

Vehicleusage for travelbetw~n
homeand work

l=yes
2=no

Vehicleusage for any work-
relatedp~ose otherthan
commuting

I=yes
2=no

Tokdtripsmade on sunwyday

Vehicletype code as used for
cumenttrip:

1 = Straighttruck
2 = Tractor/seini-trailer
3 = Tractor/trailer
4 = Bobtail
5 = Comrneraal, Auto

Numberof axlesfor vehicleas
used for arrent trip

(hmtidge Systematic, Inc. c-2
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Table C.1 Survey Trip File Format (continued)

Field Variable column
Number Name Location Formata Description and Codes

Section 2. Origin Data

10 OZIP

11 OTAZ

12 OTIMX

13 OAMPM

14 00D0M

15 OACI’

.. 16 OLU

17 OPARK

34-38

40-43

45-49

51

53-62

64-65

67-68

70-72

I Zip code at origin

I Trafficanalysiszoneatorigin

R.2 Trip start time in the format
m.yy, where xx=hours (12-hour
clock) and yy=minutes -

A Trip start timeAM or PMcode
lor A=AM
2or P=PM b

R.1 Startingodometerreading
(miles)

I Activityat origincode
i
2
3
4
5

6-8
11 or12

= Pickup, load
=Drop off,unload
= Load and unload
= Servicecall
= Gasup vehicle
= Meal/other personal
= Garaginglocation

I Land use at origincode
1 = Residential
2 = Retti
3 = Manufacturing,

warehousin&etc.
4 =Transportation
5 = Utilities
6 = Communications
7 = Hospitals
8 = Public,government
9 = Office,semices

* 10 = Other
11 or12 = Garaginglocation

A Parkinglocationat origincode
‘ON”or ‘OFF

Cambridge Systsmatie, Inc.
L-a
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Table C.1 Survey Trip File Format (continued)—

Field Variable column
Number Nam-e Location Formata Descriptionand Codes

Section3. Destination Data

Note The codes, formats,and unitsfor variables18-25 match thosefor thecorrespondingvariablesin
Section2.

18

19 -

20

21

22

23

24

25

DZIP

DTAZ

DTIME

DAMPM

DODOM

DACT

DLU

DPARK

Section 4. Trip Data

26 TRIPNO

27 TIME

28 DIST

29 TFA~

74-78

80-83

85-89

91

93-102

104-105

107-108

110-112

114115

117-119

121-125

127-136

I Zip code at destination

I Trafficanalysiszone at
destination

R.2 Trip end time

A Tripend timeAM or PMcode,

R.1 Endingodometerreading
\

I Activityat destinationcode

I Landuse at destinationcode

A Parkinglocationat destination
code

I Tripnumbe~specificto vehicle
numberID

I Triptime (minutes)

R.1 Trip’distance(miles)

R.3 Tripfactor

a The followingcodesare used:
I = Integervariable no decimalincluded
A = Alphanumericvariable
R.n = Realvariable decimalincluded;n digitsto the rightof thedecimal

CaAridge Systematic, Inc. c-4
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,

Table C.2 Generation Data File Format

Field Variable column
Number Name Location Formata Descriptionand Codes

Section1. Record Identifier

1 DISTRICT 2-4 I

Section 2. Trips For Weight Class k 0-8,000 lbs

2 TRIPS1lb 6-15 R.1

3 TRIPS12 17-26 R.1

4 TRIPS13 28-37 R.1

5 TRIPS14 39-48 R.1

6 TRIPS15 50-59 R.1

7 TRIPS16 61-70 R.1

8 TRIPS17 72-81 R.1

9 TOTALl 83-92 R.1

MAGdistrictnumber

Total trips;weightclass1, activity1

Totaltrips;weightclass1,activity2

Total trips;weightclass1, activity3

Total trips; weight class 1, activity4’

Total trips;weightclass1, activity5

Totaltrips;weightclass1,activi~6-
8

Total trips;weightclass1, activities
11-12

Total tips;weightclass1

Section 3 Trips For VehicleWeight Class28-28,000 lbs

Note VariablesTRIPS21-TRIPS27correspondto TRIPS1l-TRIPS17withrespectto theiractivities;ball
have formatR1.

10 TRIPS21 94103

11 105-114

12 TRIPS23 116-125

13 TRIPS24 127-136

14 TRIPS25 138-147

15 TRIPS26 149-158

16 TRIPS27 160-169

17 TOTAL2 171-180

CmnbritfgcSystenintics, Inc. c-5
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Table C.2 Generation Data File Format (continued)—.

\

. .

Field Variable column
Number Name-- Location Formata Description and Codes

Section 4. Trips For Vehicle Weight Class 328-64,000 lbs

Note: VariablesTIUPS31-TRIPS37correspond to TRIPS11-TRIPS17with respect to their activities;ball
have format R.1.

18 TRIPs31 182-191

19 m32 193-202

20 TRKPS33 204-213

21 215-224

22 TRIPS35 226-235
b

23 TRIPS36 237-246

24 TRIPS37 248-257

25 TOTA13 259-268

Section 5. Trips For Vehicle Weight Class 4 64,000+ lbs

Note VariablesTRIPS41-TRIPS47correspondto TRIPS1l-TRIPS17withrespectto theiractivities;ball
have formatR1.

26 TRIPS41 27il-279

27 281-290

28 TRIPS43 292-301

29 303-312
.

30 TRIPS45 314-323

31 TRIPS46 325-334

32 TRIPS47 336-345

33 TOTAL4 347-356

Gmbridge Systanatics, hc. c-6
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Table C.2 Generation Data File Format (continued)

Field Variabre” Col&n.n
Number Name Location FormaP Descriptionand Codes

Section6. Trips For Vehicle Weight Classes 3 and 4 28,000+ Ibs

Note Variables HEAVY1-HEAVY7 correspond toTRIPS11-TRLPS17 with respect to their activitks;b
allhave formatR.1.

34

35

36

37

38

39

40

41

HEAwl

HEAVY2

HEAVY3

HEAVY4

HEAVY5

HEAW6

HEAVY7

TOTA134

Section7. District Data

42 llEsHH
43 GQHH

44 T’M.NSHH

45 ‘ SEASHH

46 TOT’HH

47 PUBEMP

48 RETEMP

49 OFFEMP

50 INDEMP

51 OTHEMP

52 TOTEMP

358-367

369-378

380-389

391-400

402-411

413-422

424433

435-444

446-451 I

453-458 I

460-465 I

467-472 I

474-479 I

481-486 I

488-493 I

495-500 I

502-507 I

509-514 I

516-521 I

b

Residenthouseholds

Groupquartershouseholds

Transienthouseholds

Seasonalhouseholds

Totalhouseholds

‘Public/ quasi-publicemployment

Xetail employment

~ffice employment

‘Industrial employment

Otheremployment

Totalemployment

Cnmbridge Syste?ndics, k. c-7



UrlwnTruck Travel Model

Table C.2 Generation Data File Format (continued)—

Field Variable column
Number Name Location Format= Description and Codes

53 AREA 523-528 I I-andarea (acres*100)

54 INCOME 530-535 I Meanhouseholdincome(1988 $)

55 VEHICLES 537-542 I Vehicles

a The followingcodesare used:
I = Integervariable no decimalincluded
A = Alphanumericvariable
R.n = Realvariable decimalincluded;n digitsto the rightof the decimal

b Ingeneral,variableTRIPSijrefersto tripsmade by weightclassi for activitygroup j. The activity b
codesincludedin each activitygroup j are describedin the descriptionand codes columnfor the
WeightClass1 variables(Se&ion2). SeevariableOACTinTableC.1 for definitionsof theseactivity
codes. Activitycodeswere assignedby allocatinghalfof each weightedobsenwdtrip to itsorigin
activity(OACT)and halfto itsdestinationactivity(DACT).

Gvnbridge Systematic, hc. c-8



Appendix D

■ Model Implementation Procedures

Tables D.1-D.3 provide listings of all changes required to incorporate the
modeIs presented in Section 4.0 into the current Phoenix travel forecasting
system. This material has also been transmitted to MAG as an ASCII text
data set for ease of use in modifying MAG’s current travel forecasting
procedures. The file name is ‘PROCS.NEW.

Tables D.1 and D.2 provide the changes required in MAG’s current trip
generation and trip distribution procedures, respectively. Table D.3
consists of a modified vehicle trip table accumulation procedure. b

No changes are required to MAG’s current traffic assignment model. The
prior steps create a single trip table for assignment containing all vehicle
trips, including internal truck trips by three vehicle weight classes. These
truck trips are estimated in the prior steps provided in this appendix ysing
adjusted versions of the trip generation and trip distribution models
developed in this project.

/

CmnbridgeSystanfitics,Inc. D-1



Uriw TruckTmvd MoA4

Table D.1 Trip_Generation Models

Insertthefollowingcode ~nplaceof thecurrentFortran program in STEP1 of the TRUCK set-up:

‘ //PAN .SY91N DD *
++XNSERT WORR
c
c
c
c
c
c

Phoenix Internal Commercial Vehicle Trip Generation Model

Developed by Cambridge Systcuuatics,Inc.
Aqust 1, 1991

ZNTEGER*4 ZONZ, TRIPS(3), TTRIPS(4)
REAL*4 MS(4) , EMP(5), AREA, VWS, MACT, MACT(3) , C(3, 10)

c
DATATTRIPS /3*0/, RPACT /1.623/, APACT /1.000, 1.020, 1.562/
DATAC /0.15433, 0.06859, 0.01260, b

* 0.59091, 0.13253, 0.03685,
* 0.64087, 0.09972, ,0.04991,
* 0.29491, 0.00596, 0.02398,
* 0.30925, 0.02119, 0.00320,
* 0.76348, 0.10567, 0.07527,
* 0.04004, 0.00000, 0.00288,
* 0.00000, 7.52348, 0.00000,
* 0.00000, 0.00000, 0.00365,
* 0.00000, 0.00000, 0.00062/

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

IVWC = Vehicle weight class:
1- 0-8,000 lbS

2- 8-28,000 lbs
3- 28,000+ lbs
4- Total, ●ll weight classes

TRIPS(IVWC) =
TTRIPS(XVWC) =

WACT(IVWC) =

Trip origins/destinations for currant zone
Total trip origin/destinations for ●ll zones
1 - ZONE
Axle factor: ●verage exles by WC divided by 2

IVAR = Variable nmuber: Associated variable:
1-
2-
3-
4-
5-
6-
7-
8-
9-

10 -

Total households
Retail employment
Industrial employment
Public employment
Office uaployment
Other employment
Resident households
Group quarter households
Total ● rea
Vehicles

TOTHNS
EMP(3)
Em (5)
Em (2)
EMP(4)
EMS (1)
HNs (1)
HNs (2)

VENS

—.
Cambridge Systenmtics, Inc. D-2
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UrhmTmck Trmd Model

Table D.1 Trip Generation Models (continued)

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

. .

C (IVWC,IVAR) = Model coefficient

IH =

x~ =

Household type:
1 - Residents
2- Group quarters
3- Transient
4- Seasonal

HHS(IH) = Households in current zone of type IX
TOTHHS = Total households in current zone

Employment type:
1 - Other
2 - Public
3 - Retail b

4- Office
5- Industrial

EMP(IE) =

MEA=
VEHS =

RFACT =

c-------------------,

Employment in current zone of type IE

Total zmal ● rea (acres * 100)
Total vehicles in zone

Regional ●djustment facto= to match ~
total VMT

------------------------ -------------------

c
100 ~ (1, 101, ~~ . 300) ZONE, Xxis, EbsP, VmiS, AREA
101 FORMAT (5X, 14, 29x; 4F5.0, 5F6.0, 43X, F5.0, 1X, r6.0)

c’
ToTHIis = XIXs(l) + HHS(2) + HHS(3) + HXS(4)

c \

DO 200 IVWC = 1, 3
TRIPS(IWC) = IFIX (IWACT * AFACT(IWC) * (C(IVWC,l) * TOTXHS
* + C(IVWC, 2) * IMP(3) + C(IWC, 3) * =(5)
* + C(lWC, 4) * EMP(2) + C(=C, 5) * EMP(4) ~
* + C(IW$C, 6) *.=(1) + C(InC, 7) ● ~S(l)
* + C(IVWC, 8) * HIM(2) + C(xwc, 9) * ~
* + C(IWVC; 10) * VEHS + 0.5))
TTRIPS(IWC) = TTRIPS(IV’WC) + TRIPS(IVWC)

200 CONTINUE
c
c Output adjusted model results to production ●nd ●ttaction files

Cambridge Systenmfics, Inc. D-3



UAm Truck Trnvd Model

Table D.1 Trip Generation Models (continued)—

WRITZ (2;” 102) ZOHE, TRIPS
102 E’ORMAT (14, 4X, 316)

WRITE (3, 102) ZONE, TRIPS
Go To 100

c Output totals ●nd close-out
c
300 TTRIPS (4) = TTRIPS (1) + TTRIPS (2) + TTRIPS (3)

WRITE (6, 301) TTRIPS<
.... 301 ~ORMAT (1OX, ‘TOTAL INTERN- C_RCW mHICLE TRIPS:‘ /

* 15X, ‘o- 8,000 LBS’, 110 j
* 15X, ‘8 - 28,000 LBS’, I1O /
* 15X, ‘ 28,000+ LBS’, 110 /
* 15ic, f------------------------~ /
* 15X, t TOTAL’, 110)
STOP b
END

/*

Cambridge Systematic, Inc.
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Udmn Truck Trawl Model

Table D.2 Trip Distribution Models

. .

Insertthe followingcontroldata in the placeof thecurrentdata in theAGMstep af theTRUCKset-up:

1
2
3
4
‘5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

999999999999999999
428000893000946000
204000847000753000
84500 7330605000
22600 4080217000
17800 3420 53000
10900 1520 51000
7790 1140 41800
5650 916 27900
4880 682 14800
4370 486 14600
3900 352 14100
3410 259 13300
2770 246 12000
2280 230 10900
1900 215 9880
1590 201 9020
1340 176 8310
1120 140 7840
941 113 7410
798 92.3 7020
683 76.4 6660
588 64.8 6340
586 58.3 5930
580 53.0 5590
573 48.7 5280
543 45.1 5020
515 42.1 4780
488 39.8 4580
447 38.0 4400
384 .36.3 4190
331 35.1 3710
288 33.6 3290
268 32.2 2910
250 31.0 2570
233 30.1 2260
218 29.4 1990
207 28.9 1730
197 28.4 1690
189 27.7 1660
182 25.3 1640
176 23.0 1630
170 21.1 1610

b
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Urban Truck Travel Model

Table D.2 Trip_Distribution Models (continued)

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74. ”
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

167-”19.2
164
161
159
158
156
155
154
153
152
152
151
151
150
149
149
148
146
145
143
142
139
137
134
131
227
123
119
115
110
105
99.2
93.7
87.9
82.0
76.1
70.2
64.3
58.6
52.9
47.5
42.3
37.4
32.8
28.5
24.6

17.3
15.5
13.9
12.6
11.5
10.2

9.1
8.3
8.4
8.5
8.5
8.6
8.6
8.5
8.5
8.3
8.1
8.0
7.0

6.1
5.2
4.4
3.5
2.9
2.3
1.7
1.3
0.9
0.5
0.3
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1590
1580
1540
1480
1430
1370
1320
1260
1210
1160
1110
1060
1020
989
952
914
875
834
792
714
605
505
415
333
280
262
243
224
205
186
168
150
133
117
102
88.6
75.9
64.4
54.2
45.1
37.2
30.3
24.5
19.5
15.4
12.1
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Urtitn Truck Trnvel Model

Table D.2 Trip-Distribution Models (continued)

..-

90 21.0 0.0
91 17.8 0.0
92 14.9 0.0
93 12.5 0.0
94 10.3 0.0
95 8.3 0.0
96 6.7 0.0
97 5.4 0.0
98 4.3 0.0
9,9 3.3 0.0

100 2.5 0.0
101 2.0 0.0
102 1.5 0.0
103 1.1 0.0
104 0.8 0.0
105 0.6 0.0
106 0.4 0.0
107 0.3 0.0
108 0.2 0.0
109 0.1 0.0
110 0.1 0.0
/*

//AGM.SYSIN DD *

9.3
7.1
5.3
4.0
2.9
2.1
1.5
1.1
0.7
0.5
0.3
0.2
0.2
0.1
0.1 t

0.0
0.0
0.0
0.0
0.0
0.0

1991 XNT C- VEX TRIP DISTRIBUTION ~DELS ~OR 3 WEIGHT CLASSES
&PARAM ZONES=1272,AITER=3,MAxT=11O,TABOUT=3 SEND
&OPTXON A=T &END
&SELECT REPORT=l,-8 6END
/*
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UrbunTruck Travel Model

Table D.3 Vehicle Trip Table Accumulation—

InsertthefollowingcontroI”datain the place of the currentdata in theUMCONand UMA~ stepsof the
VEH04zDset-up:

//UMCON .SYSIN DD *
EXPAND & BLOCK JKtL VEHICLE TRIP TABLES
&P~ ZONES=1272,1272,1272,1 88,1288,1288,1288,

f Y
72,1272,1272,1272,

ROUT=1288,COU!b1288,
TASLXS=1003,2003,2OO9,3OO1,4001,4002,4003,5001,6001,6002,6003,
0UTPUT=4,NAME1=’HBW VEH’,NAUE2=’NHB VEH’,NAME3=’HBO VEH’,
NAME4=’E/E VEX’ ,NAME5=’Z/I AUTO’,NAME6=’ZXT ~D TRK’,
-7=’ EXT XiW TRK’ , NAME8=’ AIR PASSt , NAME9=fINT LT TRX’, .
NAME1O=’INT MED”TRK’,NAMEll=’INT m TRK’ &Em’

&DATA
99999999
30013001 1 1288 11288* 1.42

/*
t

//UMATRIX.SYSIN DD *
CONVERT 1991 WDZL VEHICLE TRIPS TO O&D E’ORMAT
&PARAM SIZE=1288,

J9001.VEH =IP-'0.5* (T1001+T1002+T1003 +TlOO4+TlOO5+TlOO6+TlOO7
+T1.008+TIO09+T1 O1O+T1O11)+TR(O. 5* (TIO”O1+T1OO2
+TIOO3+T1OO4+T1OO5+T1OO6+T1OO7+T1OO8+T1OO9+T1O1O
+T1011))’ GEND

/*
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Urban Truck TravelModel

Table D.3 Vehicle Trip Table Accumulation

Insertthe foUowingcontroi-datain the placeof the current data in the UMCONand UM.A7TUXstepsof the
VEHO&Dset-up:

//UMCON .SYSIN DD *
EXPAND & BLOCK ALL VEHICLE TRIP TASLES
&PARAM ZONES= 1272, 1272, 1272,1 88,1288,1288,1288,

f ?
72,1272,1272,1272,

ROUT=1288, COUT=1288,
TABLIBS=lOO 3,2 OO3,2OO9,3OO1, 4001,4002,4003,5001, 6001, 6002, 6003,
0uTPUT=4, NAMZ1=’ HBW VEH’ , N-2=’ NHB VEX’ , NAk4E3=’ NW ~H’ ,
N~4=’ E/lC VEH’ , NAMES=’ E/I AUTO’ , -6=’ EXT =D TM’ ,
H7=’EXT HVY TAR’ ,NAME8=’AIR PASS’ ,NAMZ9=’ Im LT -’,
NAME1O=’INT ~D TSX’,NAMEll=’INT NVY TR.K’ &mD

&DATA
99999999
30013001 1 1288 11288* 1.42
/*

*

//MTRIx. srsxN DD *
CONVERT 1991 l@DEL VEHICLETRIPS TO OGD FORMAT
&P- SIZE=1288, . .

J9001.vEH mIPs='O. s*(T1001+TIO02+T~ 003+Tlo04+T1005 +TloO6+TlOO7
+TIO08+T1009+T1 O1O+T1O11) +TR(O .5* (T1001+T10~2
+TIOO3+T1OO4+T1OO5+T1OO6+T1OO7+TIOO8+T1OO9+T1O1O
+T1011))’ &END

/*
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