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EWITS IMearch RqMs:
Background and Rupose

This is the third of a series of reports prepared from the Eastern Washington Intermodal
~on Study -). The reports prepared as a part of this study provide information
,to help shape the multimodal network necessary fw the efilcient movement of both fkeightand
people into the next century.

EWITS is a six-year study fimdedjointly by tiy Federal government and the Washington State
Dqartmedt of ‘hqortation as a part of the hMemnod@S@q Tnqor@@ Bffici&y Act
of 1S91. Dr. Ken Casavant of Washington Siate University is Director of ‘thestudy. The Gillis
Group, a private consulting fm MM ib *tern Wasi@ton, provided the WSU project team
with research and management assistance. A state-level Steering Committee provides overall
direction pertaining to the design@, i@emen!ation,of the project., ~.i.ing Committee
includes Jerry Lenzi, Regiohal Admiriistrator (WSDOT;’ Ik&m Region); Richard Larson
(WS~, SouthCentralRegion);Don Senn (WSDOT, North Central Region); Charles Howard
(’WS~, PkumingManager),and Jay Weber (DouglasCountyCommiiioner). Linda Tompkins
represents the Washington State Transportation CommissiW on the Steering Committee. An
AdvisoryCommitteewith representationIlom a broad range of transportation interest groups also
provides guidance to the study. The following are key goals and objectives for the Eastern
Washington Mermodal Transportation Study:

■ F&litate aisting regional and state-wide transpo?tmon planning
@o?ts.

m Forecastjhture)%eigh$ andptzwenger tmnsporta”on service need
for eastern Wwhington.

■ Identijj gaps in eastern Wahington ’s current transpotim”on
injhastructure.

8 Pinpoint transporttm”onsystem improvement options cn”tical to
econornkconqwtzliveness& mobi~ within eastern Wmhington.

,’

For additionalinfimnationabout the Eastern Washington Intermodal Transportation Study or this
report, please contact Ken Casavant at the following address:

Ken Casavant, Project Director
Department of Agricultural Economics

Washington State University
Pullman, WA 991@-6210

,(509) 335-1608 ~~
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The contentsof this report reflect @eviews of the authors, who are responsible for the facts and
~ accuracyof the data pr~nted herein. .The contents do not necessarily reflect the ofllcial views
L or policies of the Washington State Department of Transportation or the Federal Highway

Administration. This report does not constitute a standard, specification, or regulation..—
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Washington State Freight Truck Origin and Destination Study:
Methods, Procedures, and Data DiCtiO~
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INTRODUCTION

Providing for the efficient intermodal movement of freight and goods is a primary
responsibilityof StateDepartmentsof Transportation,MetropolitanPlanning Organizations
(MPG@and many local governments. This responsibilityhas received increased emphasis
as a result of the federal Intermodal Surface Transportation Efficiency Act of 1S91
(ISTEA). ISTEA requires states and MPOSto include a specific focus on height and
goods mobility as one element of their updated plan.

Planning for the efllcient movement of freight and goods is hindered by a lack of
information on the source and characteristics of freight truck movements on state and
regionalhighways. Freight movementby rail and water can be tracked adequately through
Interstate Commerce Commission (ICC) waybill samples, the Corps of Engineers
Waterborne Commerce data and other published sources. However, obtaining
comprehensiveinformationon truck freight movements is much more difficult due to the
large number of carriers and the numerous potential origins and destinations.

To address this information gap, the Washington State Department of Transportation
(WSDOT)initiateda state-widefreighttruck origin and destinationstudy in April of 1993.
A region-widefreight truck origin and destination study was first proposed in Washington
as an element of the Eastern Washington Intermodal Transportation Study (EWITS).
EWITS is a six-year ISTEA planning study to define the multimodal network necessary
for the efficient movement of freight and people throughout the region of Washington
located on the east side of the Cascade Mountains. Supplemental finding provided by
WSDOTenabledthe EWITS freight truck origin and destination study to be expanded to
include the entire state. Washington State University worked with The Gillis Group, a
private consulting firm to conduct the study.

The Washington study is the frst in the United States to collect state-wide freight truck
originand destinationdata through direct personal interviews of truck drivers. The state-
wide study involved over 300 persons conducting personal interviews at 28 separate
locations. A total of 28,000 truck drivers were interviewed providing Washington with
an extensive database on state-wide freight and goods movements.
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This paper describes the methodology Wd procedures utilizmj for the state-wide freight
truck study. Specificissuesinclude data collection issues and methods; data management
analysis and modeling procedures; and opportunities for fhture enhancements to the
database system.

DATA COLLECTION

Data Source Alternatives

ISSUES AND METHODS

Aggregateinfixrnationon U.S. freight truck movements can be obtained from a variety
of government and private sector sources. For example, the TransearC$ freight flow
&tabase compiledby Reebieand Associatesprovidesaggregateinformation on commodity
movementsby modebetweenmajor cities. TIN?Census Bureau and the Federal Highway
Administration produce the Truck Inventory and Use Survey, the Nationwide Truck
Activity and Commodity Survey and the Commodity Transportation Survey. These
government sources also provide a broad picture of major truck flows between regions.
However, none of these sources are designed to provide information on freight truck
movements on specific highways in substate regions outside major cities or local
transportation corridors.

The development of a methodology that would provide statistically reliable and
comprehensiveinformationon truck movements throughout the entire state was needed to
fulfill tesearch goals wtlined for the Washington State Freight Truck Origin and
Destination Study. In particular, information on a wide array of height truck
characteristics is needed to plan effectively for the state-wide freight and goods system.
Examples include:information on time of day movements, truckhrailer configuration,
cargo type, payloadweight, use of intermodalfacilities, and routes utilized between major
origins and destinations. Because this information is not available fkom published
secondary sources, it is necessary to collect data directly from trucking fwms.

Severalspecifwcriteria were developedas guidelinesfor the design of the state-wide truck
survey project including:

Data collectedshouldprovide statistically reliable information on truck characteristics
and commodity flows for all major Washington highways.

The samplesize shouldbe large enoughto provide useful freight and goods movement
information for major transportation planning subregions as well as the state as a
whole.

Informationshouldbe developedover a continuous 24-hour period in each of the four
seasons of the year.
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Amongthe alternatives, includingmail or telephone surveys, roadside interviews of truck
drivers are the most effi%tivemeans of generating truck !keight infbrrnationaddressing
these three criteria. Severalpreviou$studiesutilizii roadsideinte~iews provided insights
to the development of the Washington Freight Truck Origin and Destination Study.
Amongthe most comprehensiveof the previousstudiesis the Ontario Commercial Vehicle
Survey of 1988. The Ontario Ministry of Transportation con@cted roadside surveys of
19,225commercialvehiclesbetweenMarchanifNovt@er of 1988. Theinterviews were
conducted by Ministry of Transportation staff at 41 weight scale locations and 16
additional roadside locations. The truck driver interviews collected’a wide array of
information ranging from axle counts to cargo type to vehicle weight. A similar study
conductedby Washi~ton State University in 1992 fmused on northwestern Washington
border crossings between Canada and the United States. Roadside interviews were
conducted by student interviewers as trucks passed through the United States Ports of
Entry. In addition to collecting information on the truck characterisiios and commudity
type, the Washin@n State University study documented specific highwayroutes utilized
by the trucks.

Site Selection

Following the lead of the previous studies, permanent weigh stations and ports of entry
were utilized as the primary data collection sites for the Washington truck survey. The
specificweighstations utilized as data collection sites were’identified through analysis of
WSDOT’S traffic count and vehicle classification data. Data collection sites were
established on all state highways with a sigfiificant volume of daily truck trafilc. On
Washington’s major interstate corridors, multiple data collection sites were identified.
Recognizingthe importance of expanding international trade, plans were also established
for roadside interviews at major United States/Canadian border crossings.

To obtain a complete profile of truck movements it is necessary to interview trucks
travelingboth directionson a given highwaysegment. On divided highways, this required
identifying two separate interview sites on alternate sides of the highway. In total,
interviewsites were establishedat 21 Washington State Patrol weigh stations, 3 Canadian
border locations and the Oregon Port of Entry in Umatilla (see Figure 1.1 on page 4).
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Hgure 1.1: Truck Interview Locations
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QuestionnaireDes@

Questionnaire design is an important element of a successful methodology for roadside
truck driver interviews. The Washington state-wide truck driver survey collected
informationon time of day movements,vehicleconfiguration, trucking company location,
origin and intended destination, cargo type, vehicle and cargo weight, use of intermodal
facilities and the specific route traveled (See Appendix A).

To encourage truck driver participation, the questionnaire was designed to be completed
within3 minutes. Approximatelyone-halfof the questions (for example number of axles,
trailer style, time of day, hazardous material placard) could be filled out by direct
observation of trained interview personnel. Questions to be asked directly to the truck
driver focused on cargo, weight, use of intermodal facilities and route of travel. To the
extentpossible, checkboxes were utilizedto enable rapid completion of each interview by
minimizingneceswy writing. A map of major Washington State highways was attached
to each questionnaire. Utilizing this map, the interviewers are able to quickly highlight
Washington highways utilized by drivers traveling between their stated origin and
destination.

Appropriate phrasing of interview questions is also essential. For example, the
preliminary questionnaire developed for the Washington truck driver survey requested
information on the “payload weight.” During the pretest phase of the project, many

r

4
.



driversconfused “payloadweight”
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Consequently, the questionnaire .-
was revised to request “what is the weight of the cargo that you are carrying today?”
Establishinga process for ongoingevaluationand modification to the survey questionnaire
is essential.

Selecting Interview Dates and Duration

The WashingtonState FreightTruck Originand DestinationStudy developed seasonal data
for each of the four seasons:summer, fall, winter, and spring. Particularly in agricultural
regions, seasonaldifferencesin truck movements can be substantial. For example, grains
are harvested in the summer while apples are harvestkd in the fall. Consequently,
highways important to the transportation of these commodities may have significantly
different truck volumes in different seasons.

The Washington truck survey is designed to provide a profile of state-wide truck
movementsduring each season. Consequently, it is important to conduct interviews at all
25 sites within as short of time frame possible during each season. Data collection sites
were systematically scheduled to avoid the practical problem of requesting an interview
from the same truck driver on a given day. With these constraints, approximately five
weeks were needed to complete each interview cycle at the 25 sites.

Truckdriver interviewsat most locations were scheduled for a continuous 24-hour period
to provide a comprehensive picture of state-wide movements. Interviews were also
consistently scheduled for Wednesdays to obtain median traffic patterns rather than
exceptionally heavy Monday or Friday flows. Maintaining consistent data collection at
each site helps to avoidpotentialstatisticalbias when aggregating the data to profile state-
wide movements.

sampling Issues

Approximately 4,500 commercial vehicles travel Washington’s I-5 corridor each day.
Other majorWashingtonfreight truck corridorstypicallysupport 1,500 to 2,500 trucks per
day. Interviewingevery truck driver traveling these busy corridors is neither feasible nor
necessary. A systematic sampling strategy was developed for the Washington truck
survey.

An overall goal of obtaining at least 300 surveys over a 24-hour period at each site was
established. One out of every 10 truckson I-5 and one out of every 5 trucks on most other
major Washington freight truck corridors were targeted for an interview. On several of
the lower volume routes, one out of every two commercial vehicles was targeted for an
interview. A total of approximately7;000 truck drivers were interviewed during each of
the four seasonal survey rounds, providing a database of 28,000 interviews for the year-
long study.
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INTERVIEW TEAM RECRUITMENT AND TRAINING

Interview Team Recruitment

To obtain an accurate seasonal profile of truck movements throughout the state of
Washington, it was necessary to conduct interviews simultaneously at more than 6 sites
acrossthe state. The more typicalapproachof hiring a team of interviewers to traveJ from
site to site over a period of weeks did not meet the research dwign goals established for
the Washington study. Typically 15 people were required to cover a 24-hour interview
sessionat each of the sites. On a given day, up to 90 interview personnel were re@red.

,.

Consequently,a particular challenge was to obtain a very large, short-term labor force to
successfully complete the Ileight truck origin and destination study.

To meet this challenge, members of community service clubs were recruited and trained
to conduct truck driver interviews. A community service organization with state-wide
membership was sought for the project. The opportunity was frost introduced at a state-
wide conference of Washington State Lions Clubs. The Lions Clubs were offered the
opportunity to conduct truck driver interviews as a club find raising activity.

As a result of initial recruitment efforts, 15 Lions Clubs and 1 Kiwanis Club agreed to
provideat least 15’mernb+rsto serve as local interview teams. A total of over 300 service
club members participtked in the Washington study.

All the clubs were ltited in close proximity to “theseltited interview sites. Their close
geographicproximity minimized travel costs for the interview team. The club members’
personal knowledge of local roads and industries also proved to be a major advantage in
communicatingand understandingresppses provided by truck drivers. Most of the same
club members participated in each of the four interview rounds, creating a highly ‘
experience local interview team available for fimweprojects.

Training

Interviewteam training is alwaysan importantcomponent of any study involving personal
interviews. A strong training program is essential when less experienced personnel are
utilizedto conduct interviews. A detailed training program for interview team members
was conducted by The Gillis Group. The training program included both classroom and
on-site instruction.

6



Figure 1.2: Interview Team Training Agenda

m ,,

Project goals and objectives 10 minutes
Overview of the interview questionnaire 20 minutes
Identi~ing truck&d trailer configurations 15 minutes
Personal interview,~hniques 15 minutes
Safety requirements 10-minutes
Things to bring 5 minutes
Questions and answers 30 minutes

.-

-.
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.-.
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-.

. .

. .

An individualand customizedclassroomtrainingsession was con@cted for e&h of the 16
serviceclubs. Each training session ~gan with an overview of the key projtit goals and
objectives. Each interviewer was prepared to answer basic questiow ~ncerning the
purpose of the study. ”This information W* helpful to them in res~ondin~,@questions
from truck drivers. The interview questionnaire was reviewed in detail. Piiitiicular‘focus

-.

was given to ensuring the interview team members were able to accurately identifi the . .
different truck and trailer configurations. Personal interview techniques were also
covered. In particular, advice on how to introduce the study purpose and request an

-.

interview from the truck driver was offered. . .

Conductingpersonal interviews of truck drivers at busy weigh stations is a strenuous and
-.

potentially dangerous activity. Every effort was made to design a site setup and @affic .’

control plan to avoid the potential of an unwary interviewer stepping in the path of an
,,

oncomingtruck. In addition, the personalresponsibilityof each interviewer to be alert and
promote- on-site safety was stressed at the‘training: Examples of safety requirements
emphasized to the interview team members included: always wear safety vests and hats
while on-site, never approach a truclcwhen moving, do not allow qaffic congestion to
occur in the interview area and take regular breaks. A written manual outlining safety
requirements, truck configurations, and other interview guidelines was provided to&h
team member at the conclusion of the classroom training.

The classroom training session is only the beginning of what should be a continuous
processto ensure quality interviewsand personnelsafety. Ongoingtraining and instruction
was provided by a supervisor assigned from the project management team to each site.
Over time, most teams became highly adept at conducting the personal interviews and
constantsupervisionwas no longernecessary. However, periodic monitoring of interview
activities continued throughout the project.
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FIELD DATA COLLECTION PROCEDURES

Equipment Needs

Figure 1.3: Equipment Utilized at Each Interview Site

reflective safety vests interview team hats

Iclipboards pens, pencils and highlighters

Isurvey crew sign weather-proof boxes

Ihead lamps traffic cones

Proper equipment is necessary to ensure both interview personnel safety and accurate
results. Equipmentutilizedat each ihterviewsite is identified in Figure 1.3. An adequate
supplyof basic equipment such as clipboards, pens, pencils, highlighters, and staplers is
necessary. A large “SurveyCrew” sign was utilized at each site. The sign served a dual
purpose of informing truck drivers approaching the station that an official survey was
takingplace and also served as a caution that interview personnel are in the vicinity. All
interview personnel were issued safety vests. It is important that high quality reflective
vests be utilized when interview crews are operating in the dark. Head lamps were also
provided to the night shift to help interview team members see and be seen. Weather
proof boxes were provided at each site as storage for completed surveys.

Site Set-up and Traffic Control

Typicalsite set-upand traffic control plans utilized at interview sites are described by the
figures on page 9. Figure 1.4 describes site set-up at smaller weigh station sites typical
on lower traffic volume corridors. Figure 1.5 describes the site set-up at higher traffic
volume locations typical on I-5 and at ports of entry. Procedures at both large and
smaller sites are similar. Site set-up and traffic control plans at United States/Canadian
border locations were similar to those utilized at weigh stations.

All interview scheduling was coordinated and approved by the Washington State
CommercialVehicleEnf-ment Section, or U.S. and Canadian Customs officials in the
caseof data collectionsites at border crossings. Cooperationfrom the Oregon Department
of Transportation was received in conducting interviews at the Umatilla Port of Entry.
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Figure 1.4: Site Set-up and Trafllc Control P]@
at Smaller Weigh Stations
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Uniformedotllcers at the weigh stationsor ports of entry conducted enforcement activities
as normal. Commercial vehicles entered the weigh station or port of entry check points
following the usual procedures. After enforcement activities were complete, selected
trucks would be directed into a designated interview area by the officer in charge or a
member of the interview team. Truck drivers were selected for an interview according
to predetermined interview procedures. For example, along 1-5 every tenth truck was
directed to the interview area. Along Interstate 90, every fifth truck was directed to the
interviewarea. At some low volume locations, every other truck driver was selected for
an interview.

While the truck was parking, a member of the interview team completed visual
information such as the time of day, number of axles, truck configuration, and the
presence of a xdous material placard. After the truck came to a timplete stop, a
member of the team approached the driver requesting an interview. Truck driver
participationin the survey was voluntary. Remarkably, approximately%% of the truck
driiers requested to complete an interview agreed to participate. The truck drivers were
providedwith a couponfor a free cup of coffeeas a token of thanks for their participation.

At the smaller weigh station sites, only two and at most three trucks can be safely parked
to the side. At stations with a large parking area, traffic cones were utilized to block-off
up to four lanesas a designatedtruck interview area. In all cases, a lane was provided to
allow trucks not selected for an interview to pass safely back onto the highway.

On average, an experienced interviewer can complete the questionnaire within three
minutes. A crew of up to five interviewpersonnel was maintained at each site throughout
the 24-hour survey period. This enabled the crew to quickly begin a new interview as
soon as the previous one was compieted. In most cases space and personnel at the
interviewsites were adequateto ensure traffic continued to flow freely. However, during
certainbusy periods, trucks that wouldhave otherwise been interviewed were allowed to
pass because space to safely park them was not available.

Importance of Uniformed Officers

Cooperation and support from Commercial Vehicle Enforcement Officers and Customs
oftlcials was essential to the success of the field data collection project. Uniformed
offkers providedtwo critical services. First, their presence helped to ensure the safety of
the interviewpersonnel. Second, the presence of a uniformed officer was likely a major
contributingfactor to the high level of participation received horn truck drivers asked to
complete an interview. While passing through weigh stations or ports of entry, truck
drivers are prepared to present their records and respond to questions pertaining to
enforcement. Many of the truck drivers indicated they thought they were asked to park

10
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for an enforcement violation. They expressed relief and willing cooperation when they
learned they were only being asked a few questions about their destination and cargo.

Quality Control Procedures

A program of on-sitequalitycontrol is essential to ensuring accurate data results fkornthe
interviews. A strong training program for the interview teams was one tool utilized to
support accurate data collection. In addition, a supervisor fkomthe project management
team was assigned to each site. The supervisor checked questionnaires for accuracy as
they were completed. Problemareas were immediatelyaddressedwith interview persomel
as necessary.

A qualitycontrol award was establishedas an extra incentive for service clubs to perform
quality work. Small bonus checks were awarded to clubs that provided data entry
personnelwith the most legible,accurate,and complete questionnaires. As a result, many
clubs institutedtheir own qualitycontrol measures. Several clubs assigned one individual
to check each completed questionnaire and make changes as necessary. Some clubs re-
wrote questionnaires that were less legible.

Data quality was also affected by the weather and other events beyond the control of the
team. For example, rain showers dampened some paper questionnaires. Several of the
interviewsessions took place during snow storms. To protect the safety of the crew and
ensure high quality data, interviews were often conducted inside the scale house during
periodsof bad weather. The selectedtruck drivers were asked to park and come inside the
scale house for an interview.

Particularlyalong high traffic volume corridors, brief interruptions to the data collection
occurred. For example, during high volume periods, the available capacity on the weigh
station entry ramp may be inadequate. In these cases, to prevent congestion on the
highway, it was necessary to briefly shut down enforcement and interview activities until
the traffic could clear. In several cases, road construction in the vicinity of the weigh
stationmade it necessary to cease interview operations for a period of several hours. At
one station, a hazardous material spill resulted in the closing of an interview site for an
entire afternoon. Interview teaIIM r-rd~ my br* in ~tivity Or other problems
affecting data quality on a site summary sheet provided to the project managers.
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DATA MANAGEMENT, ANALYSIS AND
MODELING PROCEDURES

The overall ftameworkfor data management, analysis and modeling of Washington State
fleight truck movements is depicted in Figure 2.1. Key data management, analysis, and
modelingproceduresutilizedby the Eastern Washington M.ermodal Transportation Study
(EWITS) research team are highlighted in this section.

Figure 2*1:
Data Management, Analysis and Modeling Framework

I Truck Driver Interviews I

v

1 Data Integrity Checks I
I

,

ii ,. -------- -------- -------- .----,

I

i I

1 Qeogrephic
1

I 8

c1

Meps
1
t Information k— from
I System

1
I 1 WSDOT

I

I i I
-------- -------- -------- -------

T

@

!_-
~ ‘G-r;phic !
I outJnJt :---- ----

I
f

WSDOT, Metropolitan, and Ragiond Trenw@a~n mn$

Data Management

Implementationof carefidlydesigneddatabasemanagementprocedures is key to providing
an accuraterepresentationof state-wide and regional freight truck movements. Effective
data management’systems help minimize errbrs due to inaccurate field data collection
and/or data entry.
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Thereare at least three potential sources of error associated with field intemiews of truck
drivers. First, there are systematicproblemscaused by inappropriately worded questions,
interview procedures, and/or site selection. Second, the truck drivers may provide
inaccurateresponsesto questions. Th~d, interviewersmay incorrectly record vehicle data
or responses provided by drivers.

Potential systematic errors caused by flaws in the survey methodology were minimized
throughongoingevaluationand adjustmentsto the interview questionnaire and site survey
procedures. Improvingthe clarity of interviewquestionsalso helped to minimize potential
errors due to drivers providing inaccurate responses. An ongoing program to provide
trainhg and supervisionto community service club teams helped reduce errors associated
with interviewersincorredy recordingresponsesprovidedby truck drivers. Despite these
safeguards, field data collection errors can not be eliminated completely.

A data integrity review was implemen~ for each completed questionnaire prior to
entering information into the database. Each questionnaire was reviewed to ensure the
answers were logically consistent. Among the most frequent errors were completed
questionnaires with a total combined payload and empty vehicle weight well above the
legal limit for a particular axle configuration. In these cases the driver was generally
providing the interviewer with the gross weight rather than the requested cargo weight.
Anothercommonerror was a truck reported carrying cargo that was actually empty. The
data integrityreviewprocess included the development of specific decision rules to revise
incorrect data utilizing other information recorded on the questionnaire. For example,
truckswith a reportedcombinedcargo’and emptyvehicleweight in excess of 110% of the
legal limit were assumedto be gross weights. Revised payload weights were estimated as
gross weight minus the reported empty vehicle weight. Empty vehicle weights were
generally reported accurately.

Using these techniques, data recorded incorrectly on the field interview questionnaires
were identifiedand cmected prior to data entry. The research team utilized the Conway
Survey-It software package for data entry purposes. Survey-It provides a user friendly
menudrivendata entry screenbut has only limiteddatabasecapabilities. Data entered into
Survey-It were then exported into Borland Paradox. Paradox was used as the primary

. .

---

. .

-.

-.

. .

. .

database software for the project.
utilizing cross-tab, edit, and search

Data Analysis and Modeling

Additional data integrity
functions of Paradox.

checks were implemented . .

-.-

.-

-..

Data collected through state-wide personal interviews of freight truck drivers provides
valuableinformationfor a wide varie~ of @ns~rtation planning applications. A number

.4

of specificexamplesof potentialapplications are listed in Figure 2.2 (page 15). Many of -.
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the database applications listed in Figure 2.2 will be demonstrated by a future EWITS
report whichwill be availableearly in 1995. The purpose of this report is to highlight the
assumptions and procedures which underlie the analysis.

It was not fwible to interviewevery truck driver passing through Washington State weigh
stations on designated survey dates. Consequently, statistical sampling procedures
describedin Section 1 of this report were utilized. For the purpose of analysis, statistical
procedures are necessa@ to expand sample data to reflect characteristics of. the entire
populationof trucks utilizing Washington highways. Specifically, two types of statistical
weights may be required in conducting analysis. First, Weightsare needed to expand
samplecharacteristicsof trucks observedat each interviewsite to reflect the characteristics
of the entire population of trucks passing through a given site. Second, weights are
requiredto eliminatepossible “double-counting”of truck characteristics when the analysis
requires combining information from two or more contiguous interview sites.

Interview site weights are calculated as follows:

Totalnumber of trucks passingthroughwe@stationx
Interviewsiteweightatweight duringa selected24-hourperiodinseasony
stationxforseasony =

Numberof trucks interviewedat weigh stationx
duringa selected24-hourperiod in seasony

The interview site weight is unique to each weigh station where data is collected. The ~
interviewsite weightsfor each data colle@ionpoint generally also vary somewhat between
seasons because of slight sampling differences. The interview site weight for a specific
stationand seasonis calculatedby dividing the total number of trucks passing through the
station by the number of trucks interviewed. For example if 200 out of a total of 1,000
trucks passing through a weigh station over a 24-hour period are interviewed, the site
weight is 5.0. Multiplying a chosen sample characteristic times the site weight is the
“best”statistical estimate of that characteristic for the entire population of trucks passing
throughthe station. This can be illustrated by continuing the above example. If the 200
truckssampledat the weigh station reported an aggregate cargo weight of 5,000 tons, the
“best” estimate of the total aggregate weight passing through the station over a 24-hour
period is 5,000 tons x 5.0 = 25,000 tons per day. ,.

L

r
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Figure 2.2: Potential Applications for Freight Truck
Origin and Destination Data

CorridorPlanning
■ Identify highway corridors most critical to key industries

■ Pinpoint major freight truck generators for specific corridors

■ Document routes most widely utilized for national and international trade

■ Provide base data @project freight truck traffic growth and decline for specific
wrridors

■ Provide base data to estimate the economic value of specific commodities
shipped on specific corridors

btermodal Systems Planning
■ Delineate essential highways linked to rail, air, deep water, and river ports

■ Evaluate intermodal systems most critical to key industries and international
competitiveness

■ Geographic proximity of intermodal facilities relative to origins and
destinations of trucks utilizing those facilities

9 Provide base data to project changes in highway usage that would result from
rail-line abandonment or closing of key river ‘ports

PavementManagement
■ Document highway segments with the highest average freight cargo volumes

and weights

■ Provide base data to project fiture changes in ffeight cargo volumes and
weights on specific highway segments

Congestion Management and Safety
m Document origins, destinations, and routes used by freight trucks traveling

through congested urban areas

■ Provide base data to evaluate opportunities to reduce freight truck traffic
through urban areas during peak commute periods
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The WashingtonState Freight Truck Origin and Destination Study included two interview
sites that were special cases. Weigh Stations at Wallula Junction (SR 12/SR 730) and
Othello(SR 26/SR 17) included sampling of trucks passing through the station from four
diftkrentdirections. Personalinterviewsof major ffeightgenerators in the vicinity of these
two stations indicated that the sample data expansion method described by the equation
appearing above resulted in a substantial overestimate of the actual
traveling to and from key origins and destinations. Consequently,
weightsfor these two stations were recalibrated utilizing data collected
shippers to better reflect actual truck movements.

number of trucks
the interview site
directly from area

A specialanal@cal issuearises when combining data from two or more interview sites to
profilestate-wideand regional freight truck movements. Withoutan offsetting ~jpstment,
the statisticalaggregationof &ta pertaining to more than one interview site along a given
route would result in multiple counting of a single truck and its associated cargo. This
concept is illustrated in Figure 2.3 below. A truck carrying fivniture from Spokane to
Seattle cm a given @y would pass through intmwiewsites at both Tokio and Cle Elum.
Wkhoutan offsetting“adjustment,the state-wideinformation including both Tokio and Cle
Ehun weighstations would indicate two @ucl&with fimnituretraveling between Spokane
and Seattle rather than the actual one truck with furniture.

Figure 2.3: Illustration of Double Counting When a Truck is
Observed at Multiple Sites During a Single Trip

\
Spokane

& Cle Elumwestbound TokwWoSbound/>\

viv
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To offset potential multipleu)unting of a single truck trip, individual “record weights”
were calculated and applied to data collected fkomeach interview. The formula utilized
in calculating “record weights” is as follows:

Recordweightfor truck k =
1

Numberof intuview sitespassed through
bytmckkwhenusing repo!tedroutej

Informationcollecteddirectlyfrom the &]vers on the specific highway route they planned
to utilize between a given origin and destination is a necessary component of calculating
the record weight. From the example depicted in Figure 2.3 above, the truck would pass
through two stations. Consequently the record weight for truck k would be 0.5.

The adjusted weight utilized to expand sample data obtained from persomd interviews to
reflect total regional and state-wide movements is calculated as follows:

Sampleexpansionweightfor
txuckk interviewedat stationx Record we@ for truck k multipliedby the

duringseasony = interviewsite weightfor stationx during seasony

If the intended route of the truck driver only passes through the station where he was
interviewed, the record weight would be 1. In this simple case the appropriate sample
expansionweight would be equal to the interview site weight. However, if the intended
routepassesthough more than one interview site, the record weight is less than one with
a valuerangingbetween0.5 and 0.2 dependingon the number of interview sites along the
intended route. By utilizing the sample expansion weight to aggregate sample data for
regional analysis, the multiple counting of a single truck trip is offset in developing the
statistical population estimate.

for ~
. . .

In general, the survey forms collected through field interviews of truck drivers were
completed in a thorough manner. However, a significant number of completed survey
forms includemissingdata. For example,a surveyform indicating a truck carrying cargo
may not includea “cargoweight.” While the interview team member may have correctly
highlightedthe route reported by the truck driver, he may have inadvertently omitted the
city of origin on the survey form. A varietyof procedures were utilized to handle missing
data cases such as these.
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In manycases, missing data was confidently inferred from other questions on the survey
form. For example, when the commodity is known, missing data for trailer style (chip
truck, flatbed, tanker, etc.) can often be inferred with a high degree of txmfidence. If the
highway route was highlighted on the attached map, it was generally possible to infer
missing information on the city of origin or,city of destination, When possible to infer
missingdata in this manner, the database was updated to reflect likely values for missing
information. Missing data that could not be confidently inferred horn other completed
questions remains as a blank record entry in the state-wide database.

For purposes of analysis in the Eastern Washington Intermodal Transportation Study,
minimal criteria for “usable data records” were established. Specifically, the ability to
identify both the origin and destination of a truck trip was established as the minimum
criteria for a usable data record. Approximately %% of the completed interviews meet
the criteria of minimal acceptance.

In mostcases, survey forms with completeorigin and destinationinformation also included
responses to all the other questions asked by the interviewer. Consequently, after
eliminatingsurveys without complete origin and destination data, additional missing data
problems were minimal.

There were cases when weigh stations had to be closed for several hours during a
scheduled 24-hour interview period due to unforeseen problems. For example, a
hazardous waste spill near the Everett Southbound weigh station resulted in a 6-hour
closing during the winter interview period. Road construction resulted in a 12-hour
closing of the Sea Tac southbound weigh station during the same season. A total count
of the numberof truckspassingby the weighstationduring the scheduled interview period
was kept even when the stationwas closed. Consequently,it was still possible to calculate
an interviewsite weight reflectingthe proportionof trucks actually sampled. In those few
cases where it was not possible to conduct continuous interviews over the scheduled 24-
hour time period, the interviewsite weightwas larger than for seasons where no prwlems
occurred. This provided a.statistical adjustment for missing sample data.

There were two special cases where interviews for entire sites had to be canceled during
the spring interview period. The stations at the Spokane Port of Entry and the Sea Tac
southboundscalehouse were closedfor the entire seasondue to major ccmstructionat each
of the two sites. Omittingspring information for these two sites would produce a serious
bias of results in a state-wide or regional analysis of truck movements. For purposesof
analysis in the Eastern Washington Intermodal Transportation Study, it is assumed that
springand summer seasontruck movementsare similar at these two stations. An analysis
of the commoditystructureand major originsand destinadonsfor trucks utilizing these two
sitesverified that differences between spring and summer movements are not likely to be

f-- 18 ‘
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significant. Consequently, data collected during the summer interview period were also
utilizedto reflect truck movementsduring the spring season for the Spokane Port of Entry
and Sea Tac southbound sites. .

Documenting the geographic movement of truck freight between individual cities and
regions within the state of Washington is a key component of the Easfim Washington
Intermodal Transportation Study. For the purposes of the EWITS analysis, gee-codes ~
were developed for each Washington origin and destination identified by truck drivers J

participatingin the study. U.S. Bureauof Censusdesignatedplace codes were utilized for
all Washington counties and census places when available. Additional codes were ~

developed for reported origins and destinations that do not have an already established
Censusplace code. The gee-coding of truck data enables aggregation of data for specific
Washington counties or regions of interest in the Eastern Washington Intermodal z

Transportation Study.

Each truck driver was asked to report the commodity that they were carrying from the
place of origin to their intended destination. The interviewers were instructed to obtain
as detaileda descriptionof the commodityas could be determined. Over 3,100 individual
commoditycategorieswere reportedby the drivers. Commodity classification codes were
established to enable aggregation of these diverse commodities for detailed analysis.

UnitedStatesStandard Industrial Classification (SIC) codes were utilized for the EWITS
analysis. Each of the 3,167 identifiedcommodities were assigned to a two, three, or four
digit SIC code dependingupon the detail of description provided by the truck driver. For
example, some drivers were able to report that they were carrying refried beans while
otherscould only report that they were carrying “cannedfood products. ” Drivers carrying
mixedcargo were asked to report the major commodity. In some cases, mixed cargo was
simply reported as general freight or retail merchandise.

To the extent possible, the codes utilized were restricted to the agricultural, natural .
resource, or manufacturing categories (SIC 0111 - SIC 3999). Unique commodity
classification categories were also established for general freight, mail, solid waste, and
recycledmaterials. These commodities do not fit consistently with any of the established -.

StandardIndustrialClassificationCodes. In general, the commodities transported by truck
were classifiedas producer rather than consumer products. The supply side focus reflects .

“1
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an emphasisin the anaiysison the transportationneedsof the economic generators of truck
freight.

Estimating the economic value of cargo carried by trucks on major Washingw highways
is central to the EWITS a@ysis. The 1977 U.S. Census of Transp6rt4tion is the only
avaiiabiecomprehensivedata sourceprovidingestimatesofdoliar vaiue @r ton for specific
commodities. This sou~cewas utMzed as the base data set for estimating the vdlue of
commodities carried on Washington%highways.

The U.S. Census of Transportation economic vaiue data is available far most thr~ digit
Standad IndustrialClassifkationcategories. The Census data for each SIG!category were
updatedto 1994doliar vaium utiiizii the Standard and Pocwsproducer pike index. The
Standard and Poors producer price index is the most tiinprehtmsive data’available with
a standardizedbenchmarkyear. The producer pri~ index is,available for;ncarly ail two-
digit SIC categoriesand for some threedigit SIC categories. The mdst detailed ‘producer
price indexavaiiablewas appliedto the corresponding three-digit SIC dollar value per ton
data from the 1977 U.S. Census of Transportation to obtain updated 1994 doilar vaiues.

Twoadditionalsteps were required in preparingf~ estimates of dollar values per ton for
the EWITS study. First, current commodity values for agriculture ‘immmoditieswere
obtained from the Washington State AgricultiwalStatistics Service. Second spot checks
of key commodities’were conducted to ensure the prices calculated from the 1977 U.S.
Census of Transportation were in a reasonable range. ‘Adjustment were made when
necessary.

Commodity values utilized for the EWITS analysis are provided in Appendix B. It is
recognized that the vaiues utilized are broad averages for t$ree-digit SIC commodity
categories. There is’substantial variance in the value of individual commodities within
each threedigit categoiy. However, these broad averages are the best information
availabieand provide reasonableestitites of the aggregateetxinomicvalue of commodities
transported on Washington’s highways.

An updated commodity vaiue study fti highway freight is currently being completed by
the U.S. C&m Buieau. Data is anticipatedto be avaiiable from this stidy in 1995. This
data will provide an important basis for future highway commodity flow studies.
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Use of the Standard Industrial Classification codes for cargo tgans~rt@ by Washington
trucks also provides a means to project future growth in cargo tonnage on selected
Washingtonhighwaysegments. After consideration of data al~rqatives, 20-year detailed
industry output growth forecasts prepared by the U.S. Bure+pof Labor Statistics were
selectedfor use in projecting future growth ig Washington highway freight traffk., This
data source providtx detailed industry-level output projections for ,fhenatiop as a whole.
Resultstlom the analysisutilizingBureau of Labor Statistics projections We appropriately
viewed as an ~ of future growth expectations for cargo on Washington highways
rather ,than precise @imatgs. The magnitud~of carw growth on Wqs~ingtonhighways
may differ signifieytly ffom pro~tions for the nation ~as a whole due to regional
comparative advantag~ and 4isa@antages at the production level,as ,wellw differing
consumption patterns. However, the bias due to regional production and consumption
function differences is tempered ~mewhat by the fact that Washington highways are
utilized by trucks originating flom:all parts of the nation.

Projections of industry-level output growth specific to the state of Washing@nare not
available. Projectionsof fiture industry-level employment growth specific to the state of
Washingtonare available. However, employment growth or decline is not necessarily a
good indiaitor of t%turecargo tonnagp becaw industry-level productivity improvements
will reduce the number of workers required to produce a given volume,of output. That
is, the volume of tonnage transported from a factory, forest,, or field can increase
substantiallyeven thoughemploymentat the production location declines. Consequently,
projectionsof future output growthare muchpreferred to projectionsin future employment
growth when the use is to predict changes in fiture highway freight volumes.

The U$. Bureauof Labor Statistics@a is based upona consistentmethodology providing
forecasts for most three-digit SIC nqnfarm industries. This data series dqx not provide
detailed estimates of future produ@ion growth for agricultural, .commoditiea. An
alternative procedure ,wis utilized to develop forecasts of growth in.futurp agricultural
commodity tonnage on Washington highways. Future output growth for agricdture
industrieswere obtainedfkoma varietyof sour=. Growthprojections for fruit and major
vegetablewoups have been developedby the WashingtonState De~kment qf Agriculture
Economicsand were utilized for this study, A statistical regression analy$isof a 50-year
production time series for the Washington wheat production was utilized to approximate
future average annual growth in grain transportation needs. National growth projections
developed by the U.S. Bureau of Labor Statistics were utilized for other agriculture
commodities. Industry-level production output forecasts utilized for the Eastern
Washington Intermodal Transportation Study are identified in Appendix C.
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OPPORTUNITIES FOR FUTURE ENHANCEMENTS

The Washin@onState Freight Truck CMginand DestinationStudyprovides a rich database
for a wide variety of transportation planning applications. Opportuhiiies for further
enhancement to the existing database and anal~ical system are described in this section.

Linking Interview Data with WSDOT Automatic Highway Vehicle Classiieation
Information

Interviewdata was consistentlycollectedon Wednesdays for the Washington State Freight
Truck Origin and Destination Studies. This provides a reliable profile of freight truck
movements during the midweek periods for each of the four seasons. On most routes,
however, the volumeand possiblythe compositionof truck traffic varies ~ign~ficantlyover
the course of a week. An even more comprehensive picture of freight truck movements
on Washingtonhighwayswouldbe achieved by developing fill-week extrapolations from
the interview data.

One possible approach for obtaining,fill-week expansions on Washington freight truck
movements is to link interview data with data collected by WSDOT at automatic data
collection sites. WSDOT maintains 118 automatic data collection sites across the state.
The locationof these sitesare n6tedon the maps appearing on pages 24 Wd 2$. The data
collection capabilities of equipment at each site varies. Total 24-hour traffic counts are
availableon a continuingbasis at all the sites. Sites with Bending Plate, Piezo, or SHRP
equipmentprovide 13-binvehicle classification data providing the ability to segment total
daily traffic counts into categories including passenger cars, buses, and trucks. Truck
traftlc measuredby 13-binclassificationsystems can be further refined to reflect different
axle and/or trailer configurations.

Thirteen-binclassificationdata is available at or near most Washington State Patrol weigh
stationsor ports of entry where truck driver interviews were conducted for this study. To
the extent possible, equipment at these sites was checked by WSDOT officials prior to
each interviewsessionto ensure that it was in proper workingorder. In most cases, 13-bin
classification data is available for a fill-week period including the Wednesday interview
date at the major weigh stationsand ports of entry where interviewswere conducted during
each of the four seasons. By correlating truck information obtained through personal
interviews with same day vehicle classification information obtained through WSDOT
automatic data collection equipment, a vehicle profile matrix (cargo content, weight,
origins, destinations, etc.) can be constructed for specific axlehrailer configurations
recorded at each data collection site. Utilizing axlehrailer configurations recorded by
WS~ equipmentfor the other six days, the vehicle profile matrix constructed for each

r
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site would provide a means to estimate cargo content, vehicle weights, origins,
destinations, and so forth for a full seven day period during each season.

Full-weekextrapolations based on observations obtained for a single day of the week are
subjectto error if there are wide daiiyvariationsin vehicle profiles associated with a given
axle/trailer configuration at a particular site. For ex,ample,shipping schedules at odean
ports may be such that a large number of five-axle single-trtiler, vehicles transport
container cargo over a specific route on Mondays. A vehicle profile matrix based
exclusively on Wednesday observations would miss these container movements if ocean
shipping schedules consistently require truck connections occur early in the week.

Systematicdifferences in daily truck movements will need to be identified and accounted
fix in developingfull-weekextrapolations. Washington State Patrol Commercial Vehicle
Enforcement Officers familiar with ~h site can be a valtible source of information on
potential variances in daily movements. Other potential information sources include
personal interviewsof managersat major height generator facilities such as port managers
and large shipperswithin the region. In some cases, further field data collection at weigh
stations and ports of entry may be necessary. In general, this field work could be
accomplished through observation at each station and should not require additional
personal interviewsof truck drivers. Information obtained through personal interviews of
personsknowledgeableof local freight shipment patterns and personal observation can be
utilized to fkrther refine and calibrate vehicle profile matrixes at key locations.
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Fii 3.1: WSDOT Automatic Data Collection Sites Except the Puget
Sound Region
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Figure 3.2: WSDOT Automatic Data Collection Sites in the Puget Sound
Region
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-ion dth WSU Geographic Information System

Initialdevelopmentof the Washin@cmFreight Truck Origin Destination Study focused on
the creation of a database system flexible enough for a wide array of policy and
-~tion planning applications. Future development may include the integration of
this databasewith the WSU Geographic Information System. The WSU system is based
on ARCINFO software and includes a digitiml map of all major Washington highways.

Initial steps of this integration include linking of truck profile data obtained through
personal interviews,with individual segments on the digitized map of major Washington
highways. This will require the use of dynamic segmentation of the digitized highway
network to establish data links for selected geographic reference points. Corresponding
geographic reference links would also be required for individual routes associated with
each interview record contained in the database. A match between reference points
established on the digitized map with route segments contained in the database for each
record enables the analysis and geographic poitrayal of key freight truck characteristics
pertaining to selected highway segments.

The bottom line pu@ose of the Washington State Freight Truck Origin and Destination
Studyis to provide information useful to the development of WSDOT, MPOS, and other
regional transportation plans within the state of Washington. With this end purpose in
mind, the use of geographic information systems provides two major advantages. First,
a graphical presentation using GIS-T often illustrates research findings in a form more
easily understood than the alternative of tabular output. Second, GIS-T enables a direct
graphical interface with complementary planning data. For example, highway segments
supportingthe highestaveragedaily cargo tonnagecan be identified and directly compared
with databases documenting pavement conditions for those segments.

Graphical output complements but does not replace tabular output as a means to
communicate and analyze freight truck origin and destination study results. Graphical
presentationis most appropriate for geographical comparison of aggregate characteristics
such as total daily cargo tonnage on defined highway segments or key routes utilized by
trucks traveling to a specific destination. However, tabular da~ is more appropriate for
issues requiring desegregated information such as detailed distribution of commodities
carriedby trucks traveling on 1-90to Puget Sound Region ocean ports. Consequently, a
combination of graphical output and the underlying data tables is needed to effectively
communicate findings from the freight truck origin and destination study.
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Appendix A:
Interview Questionnaire

E?sl
Washington State Departmentof Transportation ●nd

Washington Stata Univaraity
Truck Traffic Survey, Spring 1994

Plesse Remember-your Club la depending on YOU for the Quality Control ‘Award!

W Wfie rteat/y! / ~ notabb~wafe! f ‘Complete 8//required questions!

Thank You!

CONFIDENTIAL

1) Station Location Tokio Westbound

2) Iniiials of Intewiewec

3) Interview shift:

1. Day shift 2. Evening Shitl 3. Night Shitt
7:00 a.m.. 3:00 p.m. 3:00 p.m.. 11 ;00 p.m. 11:00 p.m.. 700 ●.m.

4) Time of interview: — AM — pM

5) Is thii ttuck a part of the .OffioialSample”? 1) U Yes 2) n No

6) TNCk cOIttiQWa~iOII 7) Trai;er Style

fChaohontyu t- configwation] pfappqsfete, ohack more than one kailar atyfa]

[see Qu81ify Control Notes for deflnltions] [sea OualSy Control Notu ford.tin/Uoita]

G StfSighl Uuck 1. C Van (wiItwul tsmpsrstwscontrol)

D Truck snd tmiler 2. G Vsn with Wrnpsfaturc control

0 Trsotoronly 3. a I%tbsd

O lrector snd trmlor 4. OCsrsamw

O Trsclw withtwotreiisrs 5. G Howsf or bslly dump

o Other @eaty) 6. D !MSke Sti rsek

7. U Corwew mbmr

6. 0 Tsnksr

6. OFlostofbwboy

10. 0 Oump

11. 0 Contsinsr

12. 0 WoodChiP

13. 0 Aniil Csrrior

14. 0 Logging

15. 0 Belt

1S. Cl Other (spscify)

8) Total number of szfes on the ground:

9) la a hazardous matertal plaomf diiplayad? 1) D Yes 10# 2) D No
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p$tease ●skme b60rdng questions] CONFIDENTIAL

[

r-

L

.-

,-

,-

T
I
L

[

[

11) Truskingcompeny home beew City StelefProvincw

12) whet ~ the ~ weight of Me vehkJe? he.

13) te thisvehicle oerrying 061B0or ie if ●mpty? n caqing oergo[Ask Qf4-2f] O ●mpfy [Ask 022.27J

14) Mefiefhem6jor Cummodnyonbosd
mrnrwseusrm esUeucl

15) How much does the &SMQyou sre wrying todey weigh? me.

-fe O~Y ttfa QQE column that ●pplies to ~ trip. No mund-tdp information, pleas.!

TYuckaCARRYING cargo: Tmcks WITHOUT cargo:
uheredidyoupkk-up this osrgo? Wftere dd fttii fttpwifhoufcetgo begin?

6) C* 22) city

7) Stete@rovinoe: 23) SlateProvinw

8) Fxifity [see Qtseiily Convol Motes] 24) Fs5iiify [s88 OUSIMY Control NOt8S]

1) 0 Usrckmg ysrd 1) D fruckrng yerd

2) G rsSrosd yard 2) D rsitrosd ysrd

3) U Wsr or omwr pon 3) 0 river or ocean pert

4) G Swporl 4) c1 qlort

S) O b~ory. procossmg plant or sswmIII 5) 0 Yedory, processing pisnt, or sswmll

e) o werehoue@dislrlbutIon csnter or post OMCS 6) o wsrshoussWstnbution csntsr or post offuc

7) 0 ferm or forset 7) O brm er forsst

6) D mwl stow or gas station 6) O rsw SW. or sss stetwr

9) D pb or son$trucrton sit. 9) ❑ job orConstsucr!onsit.

10) D Omer 10) o other

Wrst is the deethmtionof your cstgo? W?rereWINyour trip withoutcqo ●nd?

!9) cit~ 25) City

!0) Stetemovince: 26) slatemovinoe:

!1) Fs~ ($*8 Oue/ity Control NotesJ 27) Fsclliiy (see Ousff& ConCro/Notes]

1) O truclungyard 1) o truekmgysrd

2) O rsitrosd ysrd 2) O reitrwd yud

3) O river of occsn port 3) o Iiverorocssnporl

4) n Sirpon 4) n Sirporf

S) 0 fsstory, processing pisnt, or wmniil S) o bctory, procsming plent, or sswmifl

6) D werehoussldi$tribution osnfer or post OffiCS 6) O wrsfwusddktfibufion centsr or postoffiw

7) 0 bmr or frost 7) o fsrmOrforsst

6) D NISII s@. or $8s stsfion 6) D tefsil etom or gas station

e) D job or sonsfruction site 0) O joborconstructionsits

10) o Ofhsr 10) 0 Oftrsr

28) Whef Washington highwsye were used to Irsvel betweenIhe two boetiorts identified shove?

(Remember, ~fri@#@i eftuhedmep!)
-uss.vP9wSmm9rsmwm-w~~-

29) fnSbtdiISU th;g how meny fimemm&fJUck ItW8fd fhe SbOW route in the pesl 7 days?

28
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00
11
13
14
16
17
18
19
21
25
27
78
81
91

103
122
132
141
142
144
145
147
149
200
201
202
203
204
205
206
207
208
209
211
221
222
223
226

Appendix B:
1994 Dollar values of commodities*

Empty
Grain
Fresh potatoes
Forage crops
Fresh vegetables
Fruit
Nursery products
Agriculture products (unclassified)
Livestock
Poultry
Small animals
Landscaping materials
Tree farms
Commercial fishing equipment
Zinc
Coal
Propane
Limestone
Crushed rock
Sand products
Clay mining
Potash and related minerals
Nonmetallicminerals (unclassified)
Food and kindred products (unclassified)
Meat: ftesh, chilled, ffozen
Dairy products
Canned and presemd fiwits, vegetables, seafoods
Gr&n mill products
Bakery products
Sugar, beet and cane
Confectionery and related products
Beverages and flavoring extracts
Miscellaneous food pr~parations
Tobacco products
Textile mill products
Manmade fiber and silk broadwoven fabrics
Broadwoven fabric products
Linen and related textile

-.

Dollar Value per . .
1994

$0.OL.
$126.00
$1OO.OC”
$95.(L

$1OO.OQ
$400.OC
$250.06
$176.00. .
$500.W
$720.00--
$700.OQ
$250.OC
$250.00 ‘

$1,500.W
$1,000.OC

$153.9u--
$173.00-
$120.OC

$6.00-
$4.0@-

$120.OC;
$120.00-
$120.OP-7
$754.8Q

$1,822.23
$910.1?-

$1,081.54_
$333.84

$l,470.or
$429.41..

$2,864.64
$489.4~
$634.9L

$6,656.87
$4,040.84-
$5,285.56
$5,285.56
$4,040.84-

+
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227
228
229
230
232
235
238
239
240
241
242
243
244
245
246
249
250
251
252
253
254
259
260
261
262
263
265
267
270
274
279
280
281
282
283
284
285
286
287
289
290
291

Floor coverings
Thread and y~
Miscellaneous textile goods
Laundry and linen supplies
Gloves
Caps, hats and millinery
Misc. apparel and accessories
Miscellaneous apparel products
Lumber and wocidproducts, except furniture
Sawlogs
Lumber
Millwork, plywood and prefabricated wood products
Wood containers
Manufactured homes
Pulpwood and other wood chips
Misc. wood products
Furniture and fixtures (unclassified)
Wood household furniture
Wood office furniture
Restaurant fixtures
Partitions, shelving, lockers, fixtures, offke, store
Misc. furniture and fixtures
Pulp, paper, and allied products
Paper pulp
Converted paper, paperboard products
Press board
Containers and boxes, paperboard
Coated paper
Printed matter
Phone books
Magazines and newspapers
Chemical producti’(unclassified)
Industrial inorganic and organic chemicals
Plastic resin
Medical chemicals
Soap and other detergents
Paint
Industrial organic chemicals
Agricultural chemicals
Misc. chemical products
Petroleum and coal products
Products of petroleum refining

Dollar Value per
1994

$3,884.30
$3,958.95
$2,989.54
$6,991.14

$11,161.72
$11,161.72
$13,270.56
$6,991.14

$226.07
$82.52

$363.00
$1,259.91

$920.65
$1,259.91

$26.72
$374.93

$3,847.06
$3,933.61
$3,933.61
$2,930.75
$2,930.75
$5,555.72

$898.82
$26.72

$1,785.24
$1,005.06
$1,005.06
$1,785.24
$3,347.27
$3,347.27
$3,347.00

$582.70
$305.76
$582.70

$15,870.00
$1,795.93

$685.44
$648.84
$215.18
$648.84
$153.86
$173.11

30
.



295
299
300
301
305
306
308
310
314
316
320
321
322
323
324
325
326
327
328
329
330
331
332
333
335
336
339
340
341
342
343
344
345
346
348
349
350
351
352
353
354
355

Asphalt paving and roofing materials
Misc. petroleum products
Rubber and misc. plastics products
Rubber tires
Rubber or plastic hoses
Rubber tubes
Molded plastic products
Leather and leather products
Footwear, leather, and similar materials
Travel cases
Stone, clay, glass and concrete products
Glass windows
Glass and glassware, pressed and blown
Glass mirrors
Cement
Structural clay products
Pottery and related products
Concrete, gypsum, and plaster products
Concrete statuary
Abrasives and asbestos products
Primary metals (unclassifd)
Steel works and rolling mill products
Cast iron products
Nonferrous metal primary smelter products
Nonferrous metal,basic shapes
Nonferrous metal castings
Misc. primary metal products
Fabricated metal products (unclassified)
Metal cans
Cutlery, hand tools and general hardware
Plumbing futures and heating apparatus
Fabricated structural metal products
Metal screws
Manufactured engines
Ammunition
Misc. fabricated metal products
Machinery, except electrical
Engines and turbines
Farm machinery and equipment
Construction materials handling equipment
Metalworking machineryand equipment
Special industry machinery

Dollar Value per
1994

$43.85
$546.21

$3,344.58
$4,175.00
$3,344.58
$3,345.01
$5,010.00

$14,124.91
$11,148.54
$14,125.00

$79.37
$656.17
$656.17
$656.17
$63.00

$148.57
$1,827.05

$35.43
$79.00

$190.45
$863.02
$539.35
$539.00

$1,475.92
$2,583.72
‘$4,120.36
$1,841.46
$2,087.43

$462.00
$7,098.52
$5,085.34
$1,822.88
$1,841.08
$4,120.00
$4,120.00
$1,841.08
$9,429.16

$12,312.86
$4,882.62
$4,922.84

$12,432.22
$13,240.22
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w C*

356
357
358
359
360
361
362
363
364
365
366
367
369
370
371
372
373
374
375
379
380
382
384
385
386
389
390
391
393
394
395
396
399
420
421
422
431
458
495
509

,.,

General industrial machinery and equipment
Office, computing, and accounting machines
Refrigeration and service industry machines
Misc. machinery and”parts
Electrical machinery, equipment and supplies
Electrical transmission equipment
Electrical industrial apparatus
Household appliances
Electric lighting and wiring equipment
Radio and television receiving sets
Communication equipment
Electronic components and accessories
Misc. electrical machinery, equip., supplies
Transportation equipment
Motor vehicles and equipment
Aircraft and parts
Boat building and repair
Rdroad equipment
Motorcycles
Misc. transportation equipment
Instruments, photo, and medical goods, clocks
Measuring and controlling instruments
Medical, dental instruments, and supplies
Optical equipment
Photographic equipment
Misc. instrument products
Misc. products of manufacturing
Jewelry, silverware, and plated ware
Musical instruments
Toys, amusement, sporting, and athletic goods
Pens, pencils, other office and artists’ materials
Costumejewelry, novelties, buttons, and notions
Misc. manufactured products
General freight
Household goods
General retail merchandise
Mail and packages
Air freight
Solid waste
Recycled materials

Dollar Value per

$9,222.28
$41,989.37 ~
$5,012.63
$6,176.02
$7,258.42
$7,577.02
$4,530.38
$3,430.23
$4,801.88
$8,325.81

$34,892.11
$24,933.03
$4,401.03
$5,294.27
$4,462.20

$76,747.54
$5,294.52
$2,649.75
$4,162.38
$4,162.38

$13,521.97
$18,300.43
$9,901.55
$9,901.55

$13,521.97
$13,521.97
$8,231.34

$75,933.98
$6,266.56
$6,266.56
$8,535.76

$17,421.60
$5,524.53
$3,660.00
$3,660.00
$3,660.00
$3,660.00

$10,980.00
$91.50

$256.20

*value per ~ e5Ws b~~ on & 1977U.S. (Jem of Transportation. 1977WhleS _ to CWIWll

value wilizing the Stam2mi and Poors ProducerPrice Idex series.
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Appendix C:
Projected Annual Growth Rates of Commodities*

-.

-.

C*

11
13
14
16
17
18
19
21
25
27
78
81
91

103
122
132
141
142
144
145
147
149
200
201
202
203

204
205
206
207
208
209
211
221
222
223
226

Grain
Fresh potatoes
Forage crops
Fresh vegetables
Fruit
Nursery products
Agriculture products (unclassified)
Livestock
Poultry
Small animals
Landscaping materials
Tree farms
Commercial fishing equipment
Zinc
Coal
Propane
Limestone
Crushed rock
Sand products
Clay mining
Potash and related minerals
Nonmetallicminerals (unclassified)
Food and kindred products (unclassified)
Meat: fresh, chilled, frozen
Dairy products
Canned and preserved tkuits, vegetables,
seafoods
Grain mill products
Bakery products
Sugar, beet, and cane
Confectionery and related products
Beverages and flavoring extracts
Miscellaneous food preparations
Tobacco products
Textile mill products
Manmade fiber and silk broadwoven fabrics
Broadwoven fabric products
Linen and related textile

Projected Percent
~

2.0
3.9
2.2
3.3
6.8
2.2
1.8
0.9
0.9
0.9
2.2
1.6
1.8
0.6 .
1.4
-0.9
1.5
1.5
1.5
1.5
1.5
1.5
1.2
0.9
1.0

2.2
1.4
0.3
0.2
0.2
1.3
1.7
-0.2
1.9
1.7
1.6
1.6
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227
228
229
230
232
235
238
239
240
241
242
243
244
245
246
249
250
251
252
253
254
259
260
261
262
263
265
267
270
274
279
280
281
282
283
284
285
286
287
289
290
291

Floor coverings
Thread and yarn
Miscellaneous textile goods
Laundry and linen supplies
Gloves
Caps, hats and millinery
Misc. apparel and accessories
Miscellaneous apparel products
Lumber and wood products, except furniture
Sawlogs
Lumber
Millwork, plywood, and prefabricated wood products
Wood containers
Manufactured homes
Pulpwood and other wood chips
Misc. wood products
Furniture and fmtures (unclassified)
Wood household furniture
Wood office furniture
Restaurant fixtures
Partitions, shelving, lockers, fmtures, offl~, store
Misc. furniture and fmtures
Pulp, paper, and allied products
Paper pulp
Converted paper, paperboard products
Press board
Containers and boxes, paperboard
Coated paper
Printed matter
Phone books
Magazines and newspapers
Chemical products (unclassified)
Industrial inorganic and organic chemicals
Plastic resin
Medical chemicals
Soap and other detergents
Paint
Industrial organic chemicals
Agricultural chemicals
Misc. chemical products
Petroleum and coal products
Products of petroleum refining

Projected Annual

2.6
2.5
2.5
2.1
3.1
3.1
3.1
3.1
1.9
1.4
1.7
2.6
2.6
0.7
1.7
1.9
2.8
1.9
1.9
1.9
1.9
2.8
2.1
2.3
2.4
2.4
1.2
2.1
2.4
2.9
1.2
2.0
1.1
2.7
3.2
1.5
2.2
1.1
1.6
2.6
0.3
0.2
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295
299
300
301
305
306
308
310
314
316
320
321
322
323
324
325
326
327
328
329
330
331
332
333
335
336
339
340
341
342
343
344
345
346
348
349
350
351
352
353
354
355

Asphalt paving and roofing materials
Misc. petroleum products
Rubber and misc. plastics products
Rubber tires
Rubber or plastic hoses
Rubber tubes
Molded plastic products
h.ather and leather products
Footwear, leather, and similar materials
Travel cases
Stone, clay, glass, and concrete products
Glass windows
Glass and glassware, pressed and blown
Glass mirrors
Cement
Structural clay products
Pottery and related products
Concrete, gypsum, and plaster products
Concrete statuary
Abrasives and asbestos products
Primary metals (unclassified)
Steel works and rolling mill products
Cast iron products
Nonferrous metal primary smelter products
Nonferrous metal basic shapes
Nonferrous metal castings
Misc. primary metal products
Fabricated metal products
Metal cans
Cutlery, hand tools, and general hardware
Plumbing fmtures and heating apparatus
Fabricated structural metal products
Metal screws
Manufactured engines
Ammunition
Misc. fabricated metal products
Machinery, except electrical
Engines and turbines
Farm machinery and equipment
Construction materials handling equipment
Metalworking machinery and equipment
Special industry machinery

Projected Annual

1.9
1.9
3.4
1.0
1.2
1.2
4.3
-1.4
-2.5
-0.6
1.3
1.1
1.1
1.1
1.7
0.8
0.8
1.7
0.8
0.8
0.6
0.2
0.2
0.1
1.0
2.2
0.6
1.0

-0.6
1.2
1.2
1.1
0.7
0.9
1.2
0.8
2.2
0.9
1.0
2.2
0.5
1.7
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SIC Cale

356
357
358
359
360
361
362
363
364
365
366
367
369
370
371
372
373
374
375
379
380
382
384
385
386
389
390
391
393
394
395
396
399
420
421
422
431
458
495
509

~

General industrial machinery and equipment
Offke, computing, and accounting machines
Refrigeration and service industry machines
Misc. machinery and parts
Electrical machinery, equipment, and supplies
Electrical transmission equipment
Electrical industrial apparatus
Household apphahces

Electric lighting and wiring equipment
Radio and television receiving sets
Communication equipment
Electronic components and accessories
Misc. electrical machinery, equip., supplies
Transportation equipment
Motor vehicles and equipment
Aircraft and parts
Boat building and repair
RaOroadequipment
Motorcycles
Misc. transportation equipment
Instruments, photo, and medical goods, clocks
Measuring and controlling instruments
Medical, dental instruments, and supplies
Optical equipment
Photographic equipment
Misc. instrument products
Misc. products of manufacturing
Jewelry, silverware, and plated ware
Musical instruments
Toys, amusement, sporting, and athletic goods
Pens, pencils, other offk and artists’ materials
Costumejewelry, novelties, buttons, and notions
Misc. manufactured products
General freight
Household goods
General retail merchandise
Mail and packages
Air freight
Solid waste
Recycled materials

Projected Annual

1.0
4.6
1.4
1.4
3.1
0.8
1.3
2.0
1.8
2.9
2.5
5.6
3.7
1.8
2.6
1.4
2.5
0.3
1.7
1.7
3.1
1.8
4.6
3.7
2.3
3.1
1.1
0.8
1.1
1.1
1.1
1.1
1.1
3.0
3.0
2.5
3.0
2.6
1.8
2.2

~ growth based onhistorical productiontmxls.
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Appendix D:
Data Dictionary for Public Data File

Data colkcted through the Washing@nState Freight Truck Origin and Destination Study “
is availablefor public use in regional transportation planning. The data was provided by
truck drivers to the research team in confidence. Consequently, the public data file ~
x includeinformationthat would associate information provided by drivers to a specific
company.

A description of data included in the public data file is included in this appendix. The
public data file is available in Paradox database format which is compatible with most
standarddatabasesoftware. Requestsfor an electronic copy of the state-wide freight truck
origin and destination data should be addressed to:

Amy Arnis
Washington State Department of Transportation
PO Box 47370
Olympia, WA 98504-7370

Tel: 206-705-7923
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Figure Dl: Content of Public Data File 4
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XJRVEY NUMBER N 1 A numberwss assigned tc’each ~, the
euweye were then numbered sequentially
darting from 1 wtth each season. For
example: Brady East issite 1 so the survey
for each seasonis1001.

SEASON A 8 The name of the seaeonthat the su~eye +
were taken,

;TATUS s Each suwey was assigned a status. Status 1
= first time surveyed, Status 2 = surveyed
previously, Status 3 = refused to participate in
survey.

;TATION s Each station was given a unique number. See
Scales.db for site location and numbers.

SHIFT s Surveys were taken during 3 shti. Shift 1 =
7:00 am -3:00 pm, Shift2=3:00pm-11 :00
pm, Shifl3=11:00 pm -7:00 am.

rlME (AM) N Sunfey times during the morning, 12:00 em
(midnight) was entered as .01 am

17ME(PM) N Survey times during the evening. 12:00 pm
(noon) was entered as .01 pm,

rRUCK CONFIGURATION s 1= straight truck, 2=truck & trailer,3=tractor
only,4=tractor&trailer,5=tractor WR trailers,
6=other.

OTHER TRUCK CONFIGURATION A 30 When TRUCK CONFIGURATION =6 then
W field is availablefor a description of the
truck.

TRAILER STYLE s I=van w/o temp control, 2-van wltemp
control, 3-flatbed, 4=car carrier,~=hopper of
belly dump, 6-etake & rack, 7=concrete
mixer, 8=tanker, 9=ftoator lowboy, 10=
dump, 1I=conteiner, 12-wood chip,
13=animal carrier, 14-logging, 15=belt,
16_othero

OTHER TRAILER SmE A 30 When TRAILER SWLE=16 then this field is
availabia for a description of the trailer.

AXLES s Number of axles on the ground.

HAZARDOUS s Is there a hazardous material placard
dsplayed? l=yes, 2=no.

38



#

,,.

FIELD NAME ‘l~Fi tWF 1 DESCRIPTION..- —- --—-— . ..- -- ——--

4ZARDOUS PLACARD NUMBER N Tha hazardous rnete~plac?rd number
displayed on the truck.

blPTY TRUCK WEIGHT N The unloaded waight of this vehicle. This
includes both the truck ●nd the trailer.

0MMOD17Y A 50 The major commodii on board.

4YLOAD WEIGHT N The waight of the cargo that is baing carriad
today.

ARGO ORIGIN CITY A 25 City where the cargo was pickad up.

ARGO ORIGIN STATE A 2 State where the cargo wai picked up. If the
driver only gave Canada then CDwas
entered. If the driver only gave Mexico then
MX was entered in the state field.

ARGO ORIGIN FACILllY s The type of facilii where the cargo was
picked up. 1=trucking yard, 2=railroad yard,
3=river or ocean port, 4=airport, 5=faCt0ry,
processing plant or sawmill,
6=warehouse/distribution center or post

oftice,7=farm rx fmeet, 8=retaii st~re or gas
station, 9=job or construction site,’10=other.

)THER ORIGIN FACILITY A 30 When CARGO ORIGIN FACILITY= 10 other
this field is available for a description of the
facility.

ARGO DEST CIV A 25 C@ where the cargo was dropped off.

ARGO DEST STATE A 2 State where the cargo was deliiered. If the
driver only gave Canada then CD was
entered. If the driver only gave Metico then
MX was entered in the state field.

ARGO DEST FACILITY s The type of facilii whera the cargo was
deliiered. l=trucidng yard, 2=miiroad ,yard,
3=river or ocaan port, 4=airport,5=factq
processing plant or sawmill,
@warehouse/d~tribution center or post
oftice, 7=farm or forest, 8=retaiI store or gas
station, 9=job or conetrudon site, {O=other.

)THER DEST FACILIW A 30 When CARGO DEST FACIL~ = 10 other,
thii fiald ISavailabla for a description of the
facilii.
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?OUTE A 150 The Washington h~hways that were used to
travelbetwaenthe origin and destination
citias.

RAVEL SAME IN 7 DAYS s How many times MIStruck traveled the same
routs in the past 7 daya.

20MMENTS A 100 Any comments from the driver or surveyor,

r-
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Figure D2: Location and Identification Codes for Interview Sites

Brady West, WA
Brady East, WA
Cle Elem East, WA
Cle Elem West, WA
Deer Park South, WA
Douglas POE, (BC Border)
Everett North, WA
Everett South, WA
Goldendale, WA
Kelso South, WA
Othello, WA
Pasco, WA
Peshastin West, WA
Plymouth POE, WA
East Port Angeles Westbound, WA
Sea Tac South, WA
Sea Tac North, WA
East Spokane POE, WA
Tokio East, WA
Tokio West, WA
Umatilla POE, OR
Vancouver North, WA
Wallula POE, WA
Osoyoos, BC (BC Border)
Oroville, WA (US Border)
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12,395,730
97
97

.

-.

.

----

. .

. .

. .

-.

.,

-.=

41

,-..

. .

-.4

..4

-.

.4



....”. .

m

L

~
1

L

f
L

.

.-

.-

. .

r--

r-

L.-

[

r
L

r

‘L

r
L

r
L

[

[

r
L

[

[

r-

. .

Figure D3: Total Recorded 24-Hour Truck Count by Season for
Each Interview Site

Brady East, WA
Brady West,WA
Cle Eletn East, WA
Cle Elem West,WA
Deer Park South,WA
Douglas POE, BC
Everett North, WA
Everett South,WA
Goldendale,WA
Kelso South,WA
Othello, WA
Pasco, WA
Peshastin West, WA
Plymouth POE, WA
East Port Angeles, WA
Sea Tac South, WA
Sea Tac North, WA
East Spokane POE, WA
Tokio East, WA
Tokio West, WA
Urnatilla POE, OR
Vancouver North, WA
Wallula POE, WA
Osoyoos, BC
Oroville, WA

1
2
3
4
6
7
8
9
10
11
12
13
15
16
17
19
20
21
22
23
24
25
26
28
29

489
270
1511
1477
211
670
4175
3776
450

3710
826
1388
355
929
277
4133
4052
1083
956
1317
1365
3980
951
58
60

407
740
2018
1841
173

1130
3266
3133
401
3775
690
1067
291
1168
237

4479
4576
1004
1426
1396
1232
4196
950
44
41

YKixw34

456
360
1800
1689
212
940

2879
2563
497

4061
667
753
177
1078
334

4677
5459
748
1201
1192
1247
3982
862
36
37

S12tiu#

481
402
1848
1978
216
1386
2800
3023
448

4090
675
1204
275
1126
408
NA

5516
NA
1511
1344
1070
4575
815
67
76

Note: No data is available for Sea Tac South and East Spokane Port of Entry during the
spring interview period because these sites were closed due to construction.
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Appendix E:

Ciwacteristics of WashingtonState Truck
Movements

Commodity Classification Codes

Gee-Codes

Economic Value of Commodities

Projected Growth in Commodity Output

Data Sources

Primary data collected through personal
interviews described in this report

US Offke of Management and Budget.

w.

Washington State Office of Financial
Management. “Census coun~, city and place
identification codes, 1990.w ‘“

“ US Department of Commerce, Bureau of
the Census. U.S. Census of ~
1.9Z2.

c US Bureau of Labor Statistics, Office of
Employment Projections. ~

o~. 1990-
a.

● WashingtonState University,Department of
Agricultural Economics. ul

fa
.

. WashingtonStateUniversity,Department of
Agricultural Economics.

and
Ve9_ m ~ 1990-

. .

2QlQ.

● Washington wheat Commission.
Washington State Wheat Production Data,
1949-1994.
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