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Abstract

The problem of truck routing and the choices assoceted with it is a mgor focus of concern in
transporstion agenciesthroughoutthe world. Unfortunatly, there has been aminima amountof
value of time (VOT) and value of reliability (VOR) oriented research relatingto this problem.
This research initiation grant project is intended to fill the gap in the literature surounding this
problem. The purposeis to evaluate characteristics usedby owner-operated trucks in Southen
Cdifornia when choosig from two or moredifferent types of roads suchas interstate freeways,
state feaways, toll roads, and local roads. The ultimate goal is to contributeto the body of
knowledge necessary for comprehensive benefit-cost anal yses concerning toll roads. This report
documentsthe development of a full reseach design based on six taskssuch as thecritica

literature review on staed preference suivey methods, clear and detailed staementof objectives
for the statd preference surwey, and development of fuzzy anal ytic hierarchy process tehnique.
When developing the full research design based on the factor analysis resuts, the goject team
explores the numberof aternatives and specific examples suchas Interstates 110and 710during
pe&k gate hours.Routechoiceattributes are consdered using cost measure, reliability measure,

travel time measure, safety measure, weaher measure, time of day measure, scheduleddelivery
timemeasure, truck cargo price measure, truck gas mileage measure, and truck comfort measure.

The project team designed and provided a numberof scenarios with ead responant for their
routechoices.
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Exeautive Summary

The Pl proposed to develop a full reseach designthat will evaluatethe route choices
of owner-operated truck drivers operating on Southern California freevays. The primary god
of this reseach initiative is to enhance private dedsion-making of the route choices for
owner-operated truck drivers, while the secondary goa is to provide agencies and truck
operators with vauable information for costbenefitanaysis of public investnent or tolling
projects. In doing so, current road options might be considcered such as high-occupancy toll
roads. In order to achieve the objective of this reseach initiation grant project, the Pl and the
project team memlers consistng of one graduate and one undergraduate studentworked
on the six tasks, including: 1) critical literature meview on stakd preference suwey
methods;2) clear and detailed staement of objedives for the statd preference suney; 3)
development of a survey instrument using Fuzzy Anaytic Hierarchy Process (AHP)
technique; 4) identification of the sample populaton; 5) proposd methoalogy for generating
arepresentativesample of responants; and 6) implementationof the suvey instrument.

Becauseof this effort, the project team presents evaluation results on key factors that
affect route choice characteristics of owner-operatedtrucks on Southen California freeways.
Unlike truck drivers who work for a company, owner-operatedtruck drivers ned to make key
dedsions when consdering the best possble route for a trip and thar vaue of time is
dependent on numerous factors, rather than being dependent on thar houly wage. A
preliminary survey was condwctedwith 20 truck driverswho wse Southen California highway
systemsroutinely, including all truck classes and cargo types. Theteam identified the sample
populationwithin Southen California boundxries, focusing especially on the ports of Los
Angeles and Long Beach. Safety was the mostcritical factor for route choice characteristics,
followed by unexpeded delays and travel time. Fuel cost and traffic were aso critical
factors affecting their decision for travel cost andravel time, respectively.

Fuzzy AHP was designed and applied to identify and evaluate the most important
contempaary factors from the perspedive of owner-operated truck drivers. Based on the 40
eligible survey resuk outof 65 colleded, the three mostimportant factors were found to be
travel time,reiability of on-timearrival, and safety in the route characteristics, while a
scheduleddelivery time was the mostcritical factor in trip characteristics. Theresults not
only provide insght in dedding whether certain projects will be econonicdly beneficia for
the community, but also contribute an evaluation methodfor multi-criteria dedsion making
to help researchers and maragers to determine the drawbadks and opportunities of their
dedsions. The evaluation results were usedwhen developing the full research design. The
project team explored thenumberof aternatives and specific examples suchas Interstaes
110and 710during ek gate hours. The team designed a SP surwey with different
scenarios on Southen Californiafreewaysto provide an opportunty for ead respondent to
express theiroutechoices.
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1.0 htroduction

The U.S. highway system comprisesappraximately of 3.9 million miles of highways,
including high-capacity, mutilane freeways, urban streds, and unpaved rurd roads. The
natio n Gighway system aso caries approximately 29% of al intercity ton-miles of freight,
which generates 75% of intercity freight revenue (1). Depending on the truck size, ownership,
and use, the truck population is very diverse and causes severe traffic congestion. For
instance, truck transpotation from the Ports of Los Angeles and Long Beadh is often
bottlenedked due to the heavy traffic demandswith road capacities. Small et al. (2) presented
the valuation of travel-time savings and predictability in congested conditions for highway
user-cost estimation. Thus, shipper resporses to travel cost, on-time arrival
reliability, comfort, convenience, safety, and ownership are important to unérstand
shipper behaviors with respect to these parametrs, which will ad in developing
appropriate strategies and incentives for better managing shared systems.

In the growing region of Southen Cdlifornia, freeway congestion is kecoming a
severe problem. The increasing number of people usingfreevays contributesto a number of
problems including an increase in the frequency of traffic jams and the frequency of
acdadents. These problems largely impact the fluidity and efficiency of heavy truck
operations, giving themhigher overal costs, which in-turn affeds the costs of the goodsthat
they transport. In recent yeas, researchers have been steadily attempting to solvethe problem
of congestion, and this research is aimed at contributingto that by focusng on truck drivers
and thecoststhatcan be reduced for them,as well as forthe community.

More importantly, the econonic feasibility study for a new road is usdul in
determining if a new road can be built and how muchewnonic worth can be obtaired if the
consuned resaurces are investedin other development projects. Therefore, it is vial to
evaluatevariousfadorswith equal criteria and methodgo ensureimpartiality. At present, the
Federad Highway Administration requires a feasibility study for federal-aid funds by
including benefit-cost analysis, non-monetiry but quantifiable consderations, non-
guantifiable considerations, and base case and sensitivity analysis (3). In conducting the
feasibility study, value of time (VOT) for truck travels is one of the critical factors among
various cost and benefit items for the ecnomic feasibility study of a new road. The VOT is
defined as a monetry value that travelers are willing to pay to reduce travel time. The
estimationmethodsfor VOT vary depending on theresearchers.

Truck drivers amost aways face dilemmas which require themto make decisionsfor
best route choice. Drivers frequently ask themsehes if they shodd proceal through
downtownor avoid it? Should they chocse this freeway over the otha? Should they pay to
useatoll road that may save time or wait in traffic? Daily trips having the same origin and
destination often vary dgnificantly from each other. The presence of regular lanes, toll
lanes, HOV lanes, and navigation devices offer truck drivers the option of several routes
from whichto choose A route choicepreference study proposed in this reseach is oneof the
demand analysis processes which determine the number or percentage of preferences
between zones made by owner-operated truck drivers. The selection of truck routes is
compex, depending onfadors suchas the owner truck driveré sncome, the availability of
transit service, and the relative
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advantages of eadh mode in terms of travel time, cost, comfort, convenience and safety.
Therefore, a driverés route choice model is neaded to replicae the relevant characteristics of
the trick operators, the transporttion system, and the tripitself, in order to obtaina reaistic
estimateof the numberof trips by each modefor eat zone pair. The VOT of trucks, which
consttutesa consicerable portion of the benefit itemsin the economic feasibility study for a
new road, needs to bevalidatedby going beyond atypical acalemic discusion.

2.0 Literature Review

The poject team has competed critical literature review and summarized key
informationto showhow the existing studes relate tothe project work. Table 1 summarized
the existing studes on variables for truck routing choice characteristics. In order to avoid
redundancy and for uniformity purposes, a single variable is used for indistinguishable
variables.For examge, for traffic density and congestion, traffic density is used.Travel cost,

travel price, and expenseare taken as travel cost.

Table 1: Variablesfor Truck Routing Choice

Author (Year) e

Title

Variables

VOT

Winston. (1981) ¥

E)ovy and Stem. (1990)

Fowkes. (1998 ©

F.B.T.C.(1999)

Kawamura (2000 ©

De Jong (2000)

Fowkes et al.(2007) “

DFT(20@ )

Fowkes and Shinghal.
(2002) 42

Knorring. (2003) ¥

A disaggregate model of the demand for
intercity freight transportation

Route choice way finding in transport
networks

The devdopment of stated preference
techniques in transport planning

Fehmarn belt traffic demand study

Commercial vehicle value of time and
perceived benefit of congestion pricing
Value of freight travel-time svings

Freight road user valuation of three
different aspeds of delay

Econamic assessment of road schemes:
The COBA manual

The leeds alaptive stted preference
methodology

Basic human dedsion making: an
analysisof route choice dedsions by
long-had truckers

V olume of shipment
Cost of shipment

Traffic density
Expededweather
Travel time
Reliability
Number of lanes and lane
width

Travel cost
Travel time
Reliability

Travel cost
Travel time

Travel cost

Toll

Travel cost

Travel time Probability
of delay, Frequency of
shipment

Cost

Door to door

Travel time

Spreal schedule delay

Travel cost

Travel time

Reliability of service O
Frequency of service O
Income and educdion
Risk avasion

Traffic information
Time of day

$21/hr

$23.40-26.80/hr

$4.16-8.82/hr

Shipper:

$32.37/hr,

Truck manager:
$134.96/hr,

Own vehicle:
$32.37/hr

Light goods vehicle:
$14.64/hr

Other goods vehicle:
$12.21/hr
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ODOT (2004 ¥

Fosgerau and
Karlstrom (2004 ¢

Sekiya, Kobayashi,
Nambu, and Uesaka
(2007) 4®

Antoniou, Matsoukis,
and Roussi. (2007) 47

Buethe and Bouffioux.

(2008) “®

Arentze, Feng,
Timmemans, and
Robroeks (2012)

Sun (2013) @0

Toledo (2014) @

Davidson, Teye, and
Culley (2014 @2

Hess, Quddus, Riesea-
Schusdler, and Daly
(2014) @

The value of travel-time: estimates of the
hourly value of time for vehiclesin
Oregon 2003

Vaueof reliability

Fadors influencing freight truck route
selection

A methodol ogy for the estimation of
value-of-time using state-of-the-art
emnametric models

Analyzing qudlitative attributesof freight
transport from stated orders of preference
experiment

Context-dependent influence of road
attributesard pricing policieson route
choice behavior of truck drivers: Results
of aconjoint choice experiment

Dedsion making processand factors
affeding truck routing

Key dedsion fadors for toll road usage
by trucks

Devdoping a siccessful stated preference
methodology for detemrmining destination
choice coefficients and using it to
investigae itsempiricd structural
relationship with toll route choice

Devdoping advanced route choice
models for heary goods vehicles using
GPS data

Traffic density
Number of rest aeas

Travel distance
Delivery time
Fadlity type
Freight volume

Travel time
Travel cost

Frequency

Travel time
Reliability

Flexibility

Travel cost

Travel damages
Traffic density

Road category

Route fadlities
Travel time

Time of day

Size of truck

Travel distance

Time sice rest
Driver age
Frequency of fuel stations &
fuel price

Travel time eiability
Truck parking

Toll prices

Travel distance
Travel time
Predictability

Travel cost

Toll charaderistics
Travel time reliability
Refrigerated container

Time of day
Travel time
Travel cost

Number of links
Travel distance
Travel time
Fuel cost

Light truck:
$18.92/hr,
Heavy truck:
$25.49/hr

380/hr

7.2/hr (linea)
6.9/hr (Logit)
8.1/hr (Binary Logit)

$21/hr 7 $78/hr

Travel time, tiavel coss, reliability, congestion, fud stations,truck lanes, safety, trip
length, trip time of day, setbacks at origin, unexpeded delays, scheduled delivery, flexibility
of schedule, delivery location, cargo price per unit, cargo volume, commodity type, special
service truck classiicaion, gas mileage, comfort, truck ownership, driver inconme, cost
beaer, driver age, drivers éxperience were the variablesidentified found from the literature
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sunweys. Among these, avel time, travel cost, andéliability of on-timearrival are the most
frequently usedvariables, and are shown irellle 1 as welbs some others.

Many studes in the literature showed that the VOT varied depending on the iesearch
purposes and estimation methods.Hague Conailting Group (11) examined the factors that
affect theVOT, and the results showthat the VOT increases with travel distarce travel
time, incone, and congestion. Toll roads shoved the highest VOT, followed by the
highways and loal roads. The study also showed thatthe VOT for a work trip was greater
thanfor a non-work trip. In the measure ohostcounties,VOT wasestimaied based on the
vehicle class,consicering the travel purpose. The wage rate methodis usedfor a work trip,
while for anon-work trip thevalue obtaired from the vage rate method iscomgementd
by the marginal rate of subgitution method. Recent studes showed the use of the
margina rate of subgitution methodalong with SP. Setting limits to the VOT of trucks
was difficult, becaisethe values \ary depending on the reseacher and cover a wide range.

The VOT of trucks also varies acording to the county or researcher, and the VOT are
widely distributed. Detailed reviews fortheseexisting studes are available in Appendix VIII.

3.0 Resear ch Objectives

The objective of this project was to develop a full design of the staed preference
sunwey. The reseach team defined the objective of the statd preference survey as to evauate
route choice characteristics usedby owner-operated trucks when choosng from two or three
different types of roads. Shipper esporses to travel cost, rdiability of ontime arrival,
comfort, convenience safety, and ownership are important to understand shipper behaviors
and to aid in developing apprgoriate strategies and incentives for better maraging hared
systems.More speifi cally, the SP surey aims to evaluate the average value of travel time
(VOT) and the averagevalue of travel time rdiability (VOR) of a representative sample of
thesetruck drivers. Using GIS software, Google Maps,and Caltrans website information, the
freeways of interest and various distribution centers from the Port of Long Beach and Port
of Los Angles were visualized and analyzed at all interstate and state routes in Los
Angeles and Orange Countes with their stating and ending locéions assocéted their total
distances. See Appendices IV~VII.

To achievethe research objectives, the poject team competed three majortasksas
follows:
(1) A preliminary interview surwey was condicted with owrer-operated tuck drivers

usingeleven guestions.Theanswers toall thesequestonsprovided us withsome
usdul information egarding the smple populaton intended for the stuly and for
the pimary factors thatwere used in deeloping a surey instrument.

(2) A surwey instrument was designed to ask owrer-operated tuck drivers for the key
factors affecting their route choicecharaderistics. We colleded suvey data at the
Long Beadh site areas, and thenanayzed surwey data usingthe fuzzy analytic



METRANS Task order 11: Route Choice Characteristicsof Owner-Operated Tru cks on Southern Calif ornia

Freeways

4.0

hierarchy processtedniqueto identify the contemporary key factors affeding

routechoicededsion making process.

(3) Thecritical fadors idenitfied from the second suvey were usedin developing a

full design of thestated preference suney.

Survey on Route Choice Characteristics

4.1 Preliminary Survey

The project tean designed and administered a preliminary questionraire that provided
us with ustul information about trick drivers, and more speifi cally, the population of
interest, while ading as a preliminary training session for studentassstantswho administered
afull scde questionraire and/or surwey. More importantly, the project team analyzed the
objectives for the staed preference suwvey and the key factors that truck drivers consicer
when deciding which route to takethrough the literature on the subject matte. Various truck
drivers operating out of the cities of Long Beach and Los Angeles were interviewed over a
phonecdl, whoseanswvers were helpful in designing both the analytic hierarchy process
surwey and the stated preference survey. Twenty resporses to the eleven questons were
recorded, although three of the truck drivers did not respondto all eleven questions. Table 2
shows thepreliminary questionnaire consistngof 11 guestonsand theirresponss.

Table 2. Peliminary Questionmaire and Resporss

No. Quedion Regponses
1 Do you own and operateyour own vehicle? Yes(13)
2 How many axlesdoesyour vehicle have? 6 with 2 axles;9 with 3 axles;
5with4 axles
3 Is the starting or ending location for any of your tripsthe Port of No. (14)
Long Beachor the Port of Los Angeles?
4 How many trips do you usually make in a day? Vary ranging 1 to 12 trips
5 What citiesdo you usually deliverto? Various locations within Long
Beach, Los Angeles, Riverside,
SanDiego, Irvine
6 Do you ever deliverto any rail or shpping yardsin the LosAngeles  No. (13)
area? If yes,which ones?
7 Do you everusethe 110, 710, 5, or 405 freeways? If yes,on which No. (3)
onesdo you spend most of your time? [-5 (5), I-710 (4), 1-405 (4), I-10
(2),1-110 (1),
8 Onaverage, how much of your timeis spent per daytravelling at 1~2 hours
speeds lessthan25 mph?
9 What factor do you consder most whendeciding which route to Sdety (10); Unexpecteddelays
take? (4); Travel time (3)
(travel distance, travel cogt, travel time, unexpecteddelays, safety,
etc)
10  Whatfactor contributesthe maost to your total travel costs? Fuel costs (17)
(insurance, fuel, tires, maintenance, repairs, toll's, etc)
11  Whatfactor contributesthe mast to your total travel time?(traffic, Traffic (17)

traffic lights, fueling stops, weighing stations loading/unloading of
your vehicle, reststops, etc)
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The purpose of thesefirst three questons was to differentiate between the truck
drivers that are part of the target populationof the study and those who were not. The
populationsthat were targeted are owner-operator truck drivers thatwere coming outof the
Port of Long Beach and/or the Port of Los Angeles, and data was collected separately for
different classificationsof trucks based on their number ofaxles acording to the FHWA. The
data was then compared with each otha. Thefirst question asked, do you own and operate
your own wehicle?& 13 responakd yes to the question and 7 responakd that the \ehicle they
drive is a compay vehicle. The second question asked, how many axles does your vehicle
have?&’6 of themhad a wvehicle with 2 axles, 9 had 3 axles,and 5 had 4 axles. Theseresults
suggest most of the responan t geldicles fall into relatively small classfications of trucks.
The thrd question asked do you ever go to the Port of Long Beach or the Port of Los
Angeles?&r14 responakd hodto the question, and 6 responadd Yyes @with 4 going to only the
Port of Long Beadh, 1goingto ony the Port of Los Angeles,and 1going to both).

The purmpse of the next five questions (Q4-Q8) was to give an idea of what to exped
when randonly questioningtruck drivers about low many deliver to rail yards, what freeways
they use,what is their typical end destination, how many trips they make in a day, and how
muchtime they spendin traffic every day. The fourth question asked, how many deliveries
do you usualy make in a day?¢ the answers ranged anywhere from 1 to 12, where
responants who stayed in the Long Beadh and Los Angeles areas ranged from 1 to 12, and
responants who travel to othersurounding counties ranged from 1 to 6. The fifth question
asked’ what two cities do you deliver to the most?&’7 responants said that they mostoften
deliver to various locationswithin Long Beach, and the rest of the responsesvere varied with
answers such as Los Angeles, Riverside, San Diego, Irvine, etc. The sixth question asked do
you ever deliver to any rail yards in he Los Angelesaree?$r13 responakd h otdthe question,
and 7 said they deliver to the Union Padfic Railroad Company. The seventh question asked
“do you ever usethe 10,110,710, 5, or 405 freevays, and which one do you use the mog?&’
3 said they do not use any of thosefreeways, 2 said they use the 10 the most, 1 said they use
the 110the mog, 4 said they usethe 710the most, 5 said they use the 5 the mog, and 4 said
they use the 405the most. The eighth question asked, ' on average, how much of your day is
spenttravelling at speeds lessthan 25 mph?&’the answers to this question varied more than
any otherquestion with answers suchas not muchtimeat al, alot of the day, a quarter of the
day to half of theday, but themostcommon answer was Jaroundonet o t wo howur

The purpose of the last three questions was to identify the factor that truck drivers
consicer the most when dedding the best route to take, and to identify the factor that
contributes the mostto ther travel time and travel cost. Responsedo these qastions were
obtaired for 17 of the 20 responants. Thefirst of thesequestions(Q9) asked, which of these
factors doyou consider the mostwhen deading what routeto take: travel distance, travel cost,
travel time, potentialunexpeded delays, or safety?¢’3 said they mostconsidertravel time, 4
said they most consicer potential unexpeded delays, and 10 said that safety is what they
consicer mog. Question 10 asked, ' which of these factors contributes the mostto your taal
travel cost: insurance fud, tire replacement, mainterance, repairs, or tdIs?¢ al 17
responants said thatfuel costscontributethe most. The final question asked, which of these
factors contributes the mostto your total travel time: traffic, traffic lights, fueling stops, rest
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stogs, weighing stations,or the loading/unloading of your vehicle?&rall 17 responants said
that tiaffic contribuies the mos

4.2 Fuzzy AHP Survey

Themainobjectives of this surey were to evaluate key fadorsthataffed routechoice
characteristics of owner-operated trucks on Southern California freeways and provide an
evaluation method for multi-criteria dedasion making to help reseachers and maregers
determinethe drawbacks and oppatunities. The fuzzy AHP techniqueis designed and applied
to identfy the key contempaary factors. This sumy was mdivated and caried out to
overcomethe severe level of congestion on freeways in Southen California, and particularly
in the Los Angeles area that hassignificant levels of truck traffic, such as onthel-110and I-
710interstate freevays that lead to the ports ofLos Angeles and Long Beadch. To achievethe
surwey objectives, theproject tean membe's undertake thefollowing derived objectives:

1. To identify and evaluate key factors thraugh informationgathering from literature
suneys;

2. Toconstrict theevauation citeria hierarchy and cdculate therelative weights of
criteria through applying fuzzy AHP mode;

3. Toadievethe final ranking results andsumnarize, compae, and compile the
findings of truck routing choicecharacteristics and its improvementalternatives.

An analytic hierarchy process (AHP) surwey was designed to obtainthe significance
level of each of thesefactorsfor theinformed dedsion making pocessof which routeto take.
Thefull questonreire is available at
https?//qgtrial2015q4iz1 .az1.qualtrics.comSE/?SID=SV_1HcFvIhZ3pc6CV.

4.2.1Fuzzy AHP Method

A dedsion making processis acompex processthattakes into considceration multiple
factors. Thesetypes of processesare commonly referred to as multi-criteria dedsion making
(MCDM) processes. One of the most commonly used and widely aacepted methods of
analyzing MCDM processesis through the use of an Anaytic Hierarchy Process (AHP),
which juxtapo®s the different criteria as well as the aternative factors within each criterion
with all of the other criteria and alternatives on a one-by-onebasis. That is, ead criterion and
aternative is compaed to only oneotherat a time. By comparing them piece-by-piece, we
can determine whch of the criteria and alternatives have thegreder relative importance tothe
MCDM processusingthe resporses obtaired by sur\,eying the dedsion makers. However, as
explained in the work by Srichetta and Thurachon “?, the inherent weakness of the
conventional AHP is its impredsion, which is a result of the vagueness of the humanthought
process,as well as the comgdex and uncertain nature of the dedsion-making process.For this
reason,the fuzzy AHP methodwas used in this report for data analysis as it accountsfor the
fuzzinessor uncertainty of the process.Instead of assgning thedegree of each dedsion with a
single set of precise numbes, as with conventional AHP, fuzzy AHP assgns the degree of
ead dedsion with a st of a range of vdues thathave a lower, middle, and upper limit.
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4.2.2 Dda Collection

The project team colleded field data at the Harbor Truck Stop on 2130 W Padfic
Coast Highway in Long Beach, California. The data was first colleded by conducting the full
sunwey with the drivers face-to-face This methodbecane problematic becausemostdrivers
were unwilling to compete the entire surwey due to their busy schedule. Our alternative data
colledion methodusing pre-paid envelopes with the surwey inside and instructionson how to
send bad the surweys through the mail, as well as slips of paper thatdirected the drivers that
had acessto the internetto a computerized surwey. This methodwas more effective as the
drivers could fill out the surwey when they had free time at their own convenierce. 65
complete sets of resporses were colleded from owner-operator truck drivers at the field from
March to August 2016. However, only 40 of 65 surwey recordswere used for the
analysisbecaise he CR values br theremainng 25 surey recordswere too high to be used
for theanalysis.

Figure 1 showsead criterion and the alternatives within ead criterion that were used
in the fuzzy AHP surwey. A total of five criteria were usedfor the analysis, including route,
trip, cargo, truck, and diver.

Factors

Route

Trip

Truck .
Driver

Travel Time Trip Length Cargo

Travel Time Reliability Time of Day Classification

Travel Costs Setbacks at Origin Price per Unit Gas Mileage Income
Congestion Unexpected Delays Volume Comfort Cost Bearer
Fuel Stations Scheduled Delivery Commodity Type Ownership Age

Years of
Experience

Truck Lanes Flexibility of Special Service

Safety Schedule

Delivery Location

| | \ /

Figure 1: Criteria and alternatives usedor Fuzzy AHP surnwey
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The charaderistics of the route bve travel time, tavel time ©iability, travel coss,
congestion, fue stationstruck or toll lanes, and safety. Travel timeis thetotal timeit takes to
compete the route, while travel time reliability is the reliability of always having aconsent
travel time. Travel costsinclude al costsincurred throughoutthe route. Congestion means
the level of traffic on the route, and fud stationsmeans the frequency and availability
of fueling stationsthroughout the route. Truck or toll lanes indicate the availability of
distinct truck lanes or toll lanes, and safety is defined as the overal safety and security of
the truck driver and surounding vehicles. The charaderistics of the trip include trip
length, time of day, setbacks at origin, unexpeded delays, scheduleddelivery, flexibility of
schedule,and delivery location. Trip length is the total length of the tripin miles. Time of
day refers to the time at which thetrip is taken while setbacks at origin indicate any setbacks
thatoccur at the start of thetrip. Unexpeded delays include any unexpeded delays thatmay
occur throughoutthe trip. Scheduled delivery is a scheduled delivery time that mustbe met.
Flexibility of schedule is the ability of the scheduled delivery time to be changed, and
delivery location means thedestination ofthe tip.

The characteristics of the cargo include price per unit, volume, and commodty type.
Price per unitis theretail price of thecargo per unit of cargo while volume is thetotal amount
of cargo in thetruck. Commodity type indicatesthetype of commodity being transpored. The
characteristics of the truck include truck classiicaion, fuel efficiency, and truck condition.
The truck classification is based on the FHWA classification of the truck by the number of
axles. Fuel efficiency is theamountof fuel consuned per unit distance, and truck condition is
the overal level of comfort and drivability of the truck. The characteristics of the driver
include trip income, cost beaer, and experience. The trip income is the average level of
incomeof the driver and/or the trucking compaly. Costbeaer refersto whetherthe driver or
a company bears the costs (i.e. takes the risk), and experience is the knowledge and
understanding of all available routes letween theorigin and he destination. Table 3 showshe
fuzzy pair-wise compaison matix for thefirst responseof thecriteria.

Table 3:Fuzzy Pair-Wise Camparison Matrix for Criteria

c1 c2 Cc3 ca C5

Cl (1,11 (512, 3, 7/2) (712, 4, 912) (7/2,4,912)  (7/2,4,9/2)
C2 (27,13, 2/5) (1,1, 1) (512, 3, 7/2) (312,2,5/2)  (5/2,3,7/2)
C3 (209,14, 2/7) (27,13, 2/5) 1,1,1) (312,2,5/2) (3122, 5/2)
C4 (209,14,2/7) (25,12,23) (25,12, 2/3) 1,1,1) (512, 3, 7/2)
C5 (209,14, 2/7)  (27,1U3,2/5 (2512 23) (27,13, 25) (1,1,1)

4.2.3 Dda Analysisand Findings

The data analysis process using the fuzzy AHP methodincludes the fuzzy pair-wise
compaison matrix, the aggregated fuzzy pair-wise matrix, the compued fuzzy synthetic
extent values, and the appraximated fuzzy priorities for the criteria. The interrelationships
between attributes and their relative weights are mapped by the hierarchy and are dedded
through a pair-wise comparisonfor each set in the hierarchy. Each set results are thenlistedin
a separate  comparison matrix. ‘©he data pre-processng stepsare as follows: (1) Compae
theresponan t angversin thequestionnaire for the preference of features. A triangular fuzzy
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number (TFN) as showvn Figure 2 is a spedal fuzzy number class whose memlership is
defined usingthree red numbes, expressedas (0, p, q). The TFNs were usedto speify the
linguistic values of these \ariables. The compared results can be five different scaes.
Acoordingly, transformation has been applied to the four dfferent TFN scdes. The
responants evauated the weight and factor rating based on the linguistics terms. (2)
Compae ead fador with othe's with its respective linguistic scale. (3) Constrat the fuzzy
pair-wise compaison matrices with each attribute using thetransfamed TFN scale. Fuzzy
compaison matrices are constucted with the 40 respordents to determine the factors
affeding route choice characteristics of owner-operated trucks on Southen California
freeways. The aggregated fuzzy pair-wise comparisonmatrix is caculated for each of the four
criteria, after the resporden t feedback. The construction of the fuzzy judgement matrix is A
= (&) of n criteria or pair-wise compaison. The TFNs are usedas follows where a; = (05, pj,
gj) and g;= 1/g;. For each TFN, &; or M= (0, p,q), its memilershipfunction pa(x) or UM(X) is
a continuousmappig from real numter (- Ox OP) to the closedinterval [0,1] (Srichetta
and Thurachon 2012). The cdculation for TFNs can include addition, multiplication and
inverse. Given any red numberk and two fuzzy triangular numbeas A= (01, p1, th) and A =
(02, p2, O2), the main algelraic operations are written as follows in Eq. 1, 2, and 3
(Zimmermann 199).

(1)
(2)
3)

Hr1
Equally Weakly moderately ~ Strongly Verystrongly

L0 AN ANA

‘\)< \>< \)<

2/3 1 32 2 52 3 12

Figure 2: Fuzzy triangular membeship furctions

Let us usethe route criteria data for an illustration purpose. The respordent®s responsewas
transfamedinto the TFN scdes and made a 7x7 matrix, containing gven attributes suchas
travel time, reliability of on-time arrival, travel cost, congestion, fue stations, truck lanes,
and safety. Table 4 tabuatesthe fuzzy AHP calculation results for the first sample, including
sumsof horizontal and vertica directions,their fuzzy syntheticextentvalues, and nornalized
weight values for each criterion. The sumof the row and column valuesis usedto determine
the fuzzy syntheticextentvalues. The fuzzy geometric mean metod is usedto aggregate the
matrices, after colleding the fuzzy judgement matrices from al responebnts (Buckley 1985.
The aggregated TEN of n responan t spidion in a certain caseu;= (05, P;j, 0;) iS shownin
, Where ay is the relative importance of TFN of the K" dedsion makerés
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viewpoint, and n is the total numberof dedsion makers. Accordingly, the fuzzy synthetic

extentvalue S for to the i™ criterion is computed. The example of cdculating this value for
thecriterion C1, trawel time, is shown in

Fuzzy AHP usedapplies the triangular fuzzy number through the symmetric triangular
fuzzy number and its membaship function. Figure 3 showsthe interaction between A and Ai.
The d represents the highest intersection of pant D between ul and u2. The compaison
between A and Ai requires the valuesof V(A Oijand V(A i AD The vector W was computed
from , Wherek=1, 2 é n and n is the numberof criteria. Each
w(s) value represents the weight, a non-fuzzy number of one criterion. Once the weights of
the main factor are evaluated, theweight of aternatives iscdculatedfor each factor. Then, the
composte weights of the aternative decision are determined by aggregating the weights
through the hierarchy. The laststepis to make a summation of the weights. For each
aternative, the total-weighted performance matrix is obtaired through calculating the
weighted performance matrix for ead alternative under every criteria context. For example,
eah degree of possbility for the criterion C2 is compued from

, and its reative is 0.4606 as shown in

Table 4:Fuzzy AHP Calculation Results for First Expert Evaluation

(8) Sums of horizontal and (b) Fuzzy synthetic (c) Normalized weight values
Fador verticd directions extent of ead criterion of ead criterion
Row sums Column sums Relative weight  Normalized weight
Cl  (1135,1343,1552)  (2.11,2.29, 2.56) (0.2703, 0.3714, 0.5057) 1 0.6846
C2  (7.95,951,11.14) (4.18, 4.88, 5.68) (0.1893, 0.2629, 0.3629) 0.4606 0.3154
C3  (555,653,7.57) (6.55, 7.70, 8.93) (0.1322, 0.1806, 0.2467) 0 0
C4 (352,412 ,4.84) (8.20,9.75, 11.37) (0.0838, 0.1139, 0.1576) 0 0
C5  (2.32,257,2.93) (9.66, 11.52, 13.45) (0.0552, 0.0712, 0.0956) 0 0
Sum  (30.69, 36.15, 41.99) Sum 1.00

0 ].1 1, 1] d 1, m, e

Figure 3: Intersedion ketween A and Ai

Using thesame analysis processthat was used to find the weights of the criteria, we
found the weights of each alternative. Table 5 tabulates the relative weights of the alternatives
within ead criterion. Table 5 also showthe normelized weights of all the aternatives for all
the criteria, which were cdculated by multiplying the normalized weight of ead aternative
by the normalized weight of its correspondingcriteria. The alternatives with relatively large
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normalized weights represent the fadors that truck drivers consider the mostwhen deading
on the best route, while thosewith relatively smadl normalized weights or normalized weights
of zero represent the factors that are only slightly crucial or not crucial at al to the dedsion
makingprocess.

Table 5: Rlative and Normalized Weights of Al Al ternatives

Relative Weghts Normalized Relative Wephts Normalized
Alternatives W(S)) Weights (W(S)) Alternatives W(S)) Weights (W(S))

Al 1 0.1005 Al4 0.6361 0.0212
A2 0.3806 0.0383 A15 1 0.1292
A3 0.2639 0.0265 Al16 0.2805 0.0362
A4 0.2196 0.0221 Al7 0.3589 0.0464
A5 0.2524 0.0254 Al8 0.0222 0.0029
A6 0.5931 0.0596 Al19 0.5348 0.0260
A7 0.5800 0.0583 A20 0.9855 0.0479
A8 0.9231 0.0307 A21 1 0.0486
A9 0.3066 0.0102 A22 0.5252 0.0255
A10 0.2558 0.0085 A23 0.2077 0.0203
All 1 0.0333 A24 0.3634 0.0355
Al2 0.9240 0.0307 A25 0 0

A13 0.5584 0.0186 A26 1 0.0976

4.2 .4Findings and Discusgons

The process of deciding what route is the best option is a multi-criteria dedsion making
processthatal owner-operator truck drivers face The processis a compex onethat
comprisesmany factors and alternatives. Through the methodsdiscussd previoudy in this
report, the criterion that plays the largest role in this dedsion-making process is the route
characteristics, and the alternatives that play the largest role amongst the other alternatives
related to the route characteristics are travel time and reliability of ontime arrival
characteristics. This outcomewas not sumprising because the variables of travel time and
reliability of ontime arrival were the two variables that were most often consicered in the
related studes, as can be seen in Table 1. Another factor that played a significant role within
this criterion was that of safety, which is congstentwith what was expeded, as safety is
usualy of high priority. The otherfactor within this criterion that played a roled though a
very small oned was that of travel cog, reasnably as it is directly related to travel time.
What was surgrising was that the alternative of scheduled delivery (which was in the trip
characteristics criterion) was so high in relation to all otheralternatives, as this variable was
only consicered by few related studes; though it is reasondle because it is important for the
drivers to adhere to thar own set schedule. Additionaly, the other aternatives within this
criterion (behind schedule and congestion hotspot)would play a minor role, as theseare
related to whether a scheduled delivery time will be met. Interestingly enough, mostof the
factors held no significance in the dedsion-making process. One explaretion for these
findings is that noneof the related studes were condwcted in Southen California highway
systems spedficaly. Another explaration is that the surveyedtruck drivers believed
that theseidentified variables were important. Their opinions might suggest that futher
data colledion is recessary to obtain amoreaccurate representation ofthe population.
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4.3 Stated Preference Survey Scenario

The research tean selected the reseach boundry within Southen Californiads
network of toll-free and toll roads. Toll roads includesthe 1-10 and 1-110 Express Lanes
owned and operated by Metro, the 91 Express Lanes owned and operated by the Orange
Courty Transporgtion Authority, the 241, 261, 133, and 73 Toll Roads operated by the
Transporttion Corridor Agencies, and the 1-15 Express Lanes and SR-125 in San Diego
Courty (Soutlern California Toll Roads 2014). According to a CalTransreport,the 2010data
are based on a countof 1,368trucks/day and 44,000 vehicles/day, or 3.1%. Over two-thirds of
thesetrucks are small trucks, with two or three axles. Similar percentages can be cadculated
for locationsfarther south,suchas the segmentsbetween SR 60 and I-10 (5.0%), north of 1-5
(7.6%), north of 1-405 (14.3%), and at the beginning of [-710 near the Port of Long Beach
(264%). Truck countdata, while useful, doesnot reved anything aboutoriginsand
destinations (vhere trucks are coming from and going to). Over 85% of truck tripsin Los
Angeles Courty stay competely within the sk-county SCAG region (Ventura, Los Angeles,
Orange, San Bernardino, Riverside, and Impeial Countes) and also do not involve goods
from the San Pedro ports. For example, theseruck trips are transporting goodsfrom
supplies tomandacturers or from regional distribution centers to local stores. Only
approximately 6% of truck trips in Los Angeles Courty are passng through on their way
from an origin to adestination outsde the region, such as agricultural products being
transpored from the CGentral Valley to the southwest. Lessthan 8% of truck tripsin Los
Angeles Courty stat or end at the San Pedro ports, or are carrying goods diredly
transferred from the ports (SCAG 2012 RTPSCS, GoodsMovement).

Routechoiceattributes were consicered usingcost measure, reliability measure, travel
time neasure, safety measure, weahermeasure, time ofday measure, scheduled alivery time
measure, truck cargo price measure, truck gas mileage measure, and truck comfort measure.
The project team designed and provideda number of scenarios with each responant for their
routechoices. Multiple response$rom each respondent can be accommodated using disaete-
choice model such as pandl logit or mixed logit with appropriately correlated errors. The
suney design aims to generate sufficient variation in attributes to obtain statsticdly
significant parameter estimates. The ultimate goal of this surwy is to evaluate the value of
time and the value of reliability using field study techniqguesand suwvey data that will be
colleded from truck operators. The study area for the surwy is selected from Southen
Cdlifornia freeway. The stating point of truck operatorsis eitherfrom the Portof LA or LB,
and the end points are the designated distribution centers located within theclosest
distance The scenarios for the full design are available in Appendix IX, including the
followings:

A Los AngelesPort to Pasadenaon| 110

Long Beach Port to Campton onl 710

Long Beadh Port to Van Nuys onl 1405

Long Beadh Port to Van Nuys onl 1405with different reliability and tdl
Los Angeles Port toSan Diego onl 5

Los Angeles Port tdSan Diego onl 5 with dfferent eliability and td|
Los Angeles Port tdPasadenaon | 110 with sfety measure

> > >y > D>
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Long Beadh Port to Campton onl 710 with sfety and weaher measure
Long Beach Port to Van Nuys onl 405with safety and ime neasure
Long Beach Port to Alhambraon | 710with delivery time neasue

Los Angeles Port to @rdenaon| 110 withtruck cargo price measure
Los Angeles Port to [Bna Point on | 5 with truck cargo price measure
Long Beadh Port to Cason onl 710with truck gas mleage measue
Long Beadh Port to Lake Forest onl 405with truck gas mleage measure
Los Angeles Port taCarson onl 110with truck comfort level measure
Santa Chrita to San Clementeon | 5 with truck comfort level measure

v > Dy D> D> D>

Once the field suvey is competed and data setsare colleded, the value of time and
the value of reliability can be obtaired using the logit modek. Comparingwith other
fadorssuch as price travel time, and reliability, the projed team can examine whether
the mostsignificant factor for truck operators choosing a route is reliability of on-time
arrival and whether the value of time is a higher priority in choosinga toll road over a
freavay. As aresult of this project, the projed team expeds to identify bottlenedk
locations on transport facilities by virtue of high travel times and/or delay, to measue
arterial level of service using the average travel speeds and times, and to provide
travel time data for economic evaluation of transporgtion improvements.

5.0 Conalding Remarks

This report presented evauation results on key fadors that affed route choice
characteristics of owner-operatedtrucks in Southern California freevays. Unlike truck drivers
who work for a compaly, owner-operated truck drivers need to make dedsions when
consicering the best possible routefor a particular trip sincethey have the liberty of choosing
their own route and ther value of time is dependent on numerousfadors, rather thanbeing
dependent on their houly wage. Surveys were condicted with owner-operated truck drivers
who useSouthan California highway systemsroutinely, includingall truck classs and cargo
types. The research team identified the sample populationin Southen California boundary,
espeially ports of Los Angeles and Long Beach. Fuzzy AHP was designed and applied to
identify and evaluate the mostimportant contenporary factors from the perspedive of owner
operated truck drivers. The three mostimportant factors were found to be tavel time,
reliability of on-timearrival, and safety, while scheduleddelivery time was the most
significant factor in thetrip charaderistics. The results not only provide insight in dedding
whether certain projedswill be economicaly beneficial for the community, but also create
an evaluation methodfor multi-criteria dedasion making to help researchers and maregers
determine the drawbadks and oppatunities of their decisions.

The findings obtained from this study were smilar to the outcones based on previous
studes with real life truck drivers. The findings can be wsed as a foundation to help project
owners and/or managers makedecisions concerning the pradicality and economic feasibility
of their projeds. For future study, theVOT and VOR will be crucial in weighing the costsand
benefits of these deasions and can beused further when developing the full research design.

15



METRANS Task order 11: Route Choice Characteristicsof Owner-Operated Tru cks on Southern Calif ornia
Freeways

6.0 References

1. Garber,N. J., and Hcel, L. A. Traffic and Hghway Engineering, 5th Edtion, Gengage
Learning, 2014.

2.Small, K. A, Noland, R.Chu, X.,and Lewis, D.Valuation of Travel-Time Savings and
Predictability in Congested Condions forHighway User-Cost Estmation,NCHRPReport
No.431, 1999.

3. FHWA. Pracedural Guidelines for Highway Feasibility Studies. Asgssedfrom
http://lwww.fhwa.dotgov/planning/border_planning/corbor/feastudy.cfm onDec 30, 2014.

4. Aifford Winston. A Disagyregate Model of the Demandfor Intercity Freight
Transporttion. Econonetrica. Volume 49 Number 4. July 1981.Page 981-1006.

5. Piet H. L. Bovy & Eliahu Sten. Route Chaie Way Finding in Transport Networks. Studies
in Operational Regional Science Volume 9, 190.

6. A.S.Fowkes. TheDevelopment of Staéd Preference Tedhnigues in TransportPlanning.
Insitute of TransportStudies, Univasity of Leeds, Working Paper 479, 1998.

7. Fehmarn Belt Traffic Consortium. Fehmarn Belt Traffic demand $udy. Danish and
German Ministries of Transport,FTC, Copenhagen, Final report, 1999.

8. Kawamura, K. Commecial Vehicle vaue of Time and Perceived Benefit of Congestion
Pricing. Ph.D. Dissertation, Uniwersity of California, Berkeley, 1999.

9. DeJong, G. Value of Freight Travel-Time Savngs, in Hensher, D. A. and K. J.Button.
Handbook ofTransporétion Modeling. Pergamon Press, 2000.

10.Fowkes, A.S.,P.E. Firmin, A. E.Whiteling, and G. Tweddle.Freight Road User
Vauation of Three Different Aspeds of Delay. Presentedat the European Transport
Conference, 2001.

11. Department for Transportation (DFT). Economic Assesgment of RoadSchemes: The
COBA Manual, May 2002, London.

12. A.SFowkes & N Shinghal. The Leeds Adaptive Stated Preference Methodolayy. Insitute
of TransportStudies, Uriversity of Leals, Working Paper 558, 2002.

13.John HollandKnorming. Basic Human Decision Making: An Analysisof Route Chote
Dedsionsby Long-Haul Truckers. Prnceton University. April 2003.

16


http://www.fhwa.dot.gov/planning/border_planning/corbor/feastudy.cfm
http://www.fhwa.dot.gov/planning/border_planning/corbor/feastudy.cfm

METRANS Task order 11: Route Choice Characteristicsof Owner-Operated Tru cks on Southern Calif ornia
Freeways

14. ADOT. TheVaue of Travel-Time: Estmatesof the Houry Value of Time for Vehicles in
Oregon 2003. @egon Department of Transporttion, Policy & Econormic AnalysisUnit,
May 2004.

15. Magens Fosgerau & Anders Karlstrom. Value of Reliability. Transportation Regach Pat
B: Methodola@icd. Volume 44,Issue 1, January 2004, Pages 3i 49.

16. HirotakaSekiya, Masanori Kobayashi, Hroyuki Nambu, Katsumi Uesaka. Factors
Influencing Freight Truck Route Seddion.

http://reaaavmsmy/images/449/(103FACTORS_INFLUENCING_FREIGHT_TRUCK.pd,
2007.

17. Constntinos Antomou, Evangelos Matsoukis and Bnelope Roussi. AMethodolay for
TheEstimation ofValue-Of-Time Using State Of-The-Art Econometic Models. Jourral of
Public Transporttion. Volume 10. Numier 3, 2007.

18. MBuetheand Ch. Boufioux. Anayzing Qualitative Attributes of Freight Transportfrom
Stated Orders of Preference Experiment. Jourrdl of TransportEconormics and Policy,
Volume 42,Numberl. January 2008, page 105-128.

19. Theo Arentze, Tao Feng, Harry Timmermansé& JopsRobraeks. Context-Dependent
Influence of Road Attributesand Pricing Policieson Route Chae Behavior of Truck
Drivers: Results of aConjoint Choice Experiment. Transporgtion, 2012,V olume 39,
Number 6,2012,Page 1173.

20. Yichen Sun. Deasion Making Process andractors Affeding Truck Routing.
Massadchusettdnsitute of Technology Libraries. July 2013.

21. TomerToledo. Key Dedsion Fadorsfor Toll Road Usage by Trucks.
https?/its mit.edu/key-decision-factors-toll -road-usage-trucks, 2014.

22.Peter Davidson, Coalins Teye & Rob Culey. Developing aSuccessful Stated Preference
Methodolay for Determining Destination ChoiceCoefficients andJsing it to Investigate
its Empricd Structural Relationship with Toll Route Chote Transpotation Regach
Procedia. Volume 1, Issue 1, 2014 Pages 36-48.

23. Stephane Hess, Molammed QuddusNadine Rieser-Schusser & Andrew Daly.
Developing Advanced Route Chote Models for Heary GoodsV ehicles UsingGPSData.
Transporttion Regarch Part E: Logistics and Transporgétion Revew. Volume 77, May
2014,Pages 29i 44.
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Appendix |  Inside CSULB published on June 20, 2016

6/20/2016 Inside CSULB » Blog Archive » Understanding Route Choices That Truckers Make

CSULB

Understanding Route Choices That Truckers
Make

Published: June 20, 2016

PHOTO COURTESY OF JOSEPH KIM
Much of the field research for Joseph Kim’s study was conducted at gas and weigh stations, such
as the one shown above.

By Richard Manly

CSULB civil engineering and construction management faculty member Joseph Kim is using a
one-year $35,000 grant from USC-CALTRANS to better understand how area truck drivers choose
their routes.

The primary goal of the research proposal, titled “Route Choice Characteristics of Owner-Operated
Trucks in Southern California Freeways,” will be to enhance private decision-making regarding the
route choices of owner-operated truck drivers, explained Kim, a member of the university since
2009. “The focus is on how private truck drivers decide what route they will take through the local
highway system.

“The secondary goal of this research project is to provide agencies and truck operators with useful
information for benefit-cost analysis of public investment or tolling projects so that current road
options can be considered such as high-occupancy toll roads,” he added. “Therefore, the objective
of this research initiation grant project is to develop a full research design.”

The focus was on private truck owner/drivers.

“What factors did they consider most in choosing their routes?” asked Kim. “Was it saving time or
liability? Was their main concern safety or arriving on time? Is their concern for the road system
itself? What factor is the most important to a truck driver when they consider their routes?”

There are many influences on truck drivers besides speed. Most drivers are interested in saving

http://web.csulb.edu/misc/inside/2016/06/20/understanding-route-c hoices-that-truckers-make/
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6/20/2016 Inside CSULB » Blog Archive » Understanding Route Choices That Truckers Make
money.

“If our research explains how they can save money, if there is a way they can deliver their goods
on time and safely, that is the best idea,” he said. “This is the stage where we hear their voices.
Would they be willing to pay more money for that, even if it meant a toll fee? Would the drivers be
willing to take a toll road?”

Based on the factors Kim analyzed from survey responses from area truck drivers, he designed a
scenario that suggested how drivers choose their routes to the 710 freeway. “How much money
would they be willing to pay for the development of a trucks-only road system or even a trucks-only
lane?” Kim asked. “Eventually, | hope this report will help transportation planners or CALTRANS
policy makers when they think about new road systems or even the allocation of a single lane for
trucks. We are looking for a win-win situation where policy makers can develop new road systems
so they can solve the traffic jam issue while, at the same time, make it possible for truckers to
deliver their goods faster than before.”

Kim feels his USC-CALTRANS research initiation grant will support a project he believes will fill a
gap in the literature. “There has been little value of time-oriented research around the choice
problem of truck routing,” he said. “The findings of this study will form a foundation for conducting a
large-scale research project by providing insight into truck travel patterns. The ultimate goal is to
contribute the body of knowledge necessary for good benefit-cost analyses concerning toll roads.”

Compared with other factors such as price, travel time and reliability, the project team will examine
whether the most significant factor for truck operators choosing a route is reliability of on-time
arrival and whether the value of time is a higher priority in choosing a toll road over a freeway. As a
result of this project, the team will expect to identify bottleneck locations by virtue of high travel
times and delay, to measure arterial level of service using the average travel speeds and times and
to provide travel time data for economic evaluation of transportation improvements.

Students play a big role in Kim’s research. “One of my students is a graduate who is writing his
M.S. thesis based on our research,” he said. “Another student assistant is an undergraduate who
is studying civil engineering. Students like these are the backbone of this project. Without them, |
could not move on.”

Kim feels one of the strengths of his report is its emphasis on field research which was conducted
at gas stations and weigh stations. “We would catch the truck driver while they took a break,” Kim
recalled. “We would interview some while others filled out survey forms. One of the difficulties was
the lack of time. Now we contact the truck drivers over the phone.”

He believes many will benefit from this research.

“For instance, look at the drivers,” he said. “Perhaps what we do will help a CALTRANS planner
design a better road system connecting the ports of Long Beach and Los Angeles to the 15. Maybe
this report will help to resolve the traffic jam issue. Truck drivers will be able to deliver their goods
faster than before.”

It's an advantage to be in Long Beach to research trucking, Kim said. “Because our research time
is based at CSULB, the area gas stations that serve both the L.A. and Long Beach port truckers
are more readily available,” he explained. “It's an advantage to work in the field. Most of the
planning for tomorrow’s roads happens from behind desks. We wanted to go out and meet the
drivers. We wanted to listen to their voices. That is how we learned what they need right now.”

(e

California State University, Long Beach
1250 Beliflower Boulevard, Long Beach, California 90840
562.985.4111
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Appendix Il Sample of AHP survey form i English version

Examinein contrast the main factors

() Route
(I Trip
() Cargo
(V) Truck
(V) Driver
Tablel
Asdgnagradefrom1to 5in'Your scae column, whee5 is the most importart ard 1 is the least importart
Factors Magor Supparting Considerations Yot(]rlssgore
Route Chaecteristics of the route
Trip Chaecteristics of thetrip
Cargo Type of cargo being trarspated
Truck Characteristics of the truck
Driver Characteristics of the truck driver
Table2
Circle/mark "X" only once for each row to the gppropriate number by comparing Relative Importance between the two factors
> >
2 > > 2
5 S > T . T > S z
Options E ‘% g’ 2] T ko) ? ‘% E Options
i > & = g 2 & > S
9|8 |7|6|5|4]|3|2|1]|2|3|4|5|6|7]|8]|9
Route Trip
Route Cargo
Route Truck
Route Driver
Trip Cargo
Trip Truck
Trip Driver
Cargo Truck
Cargo Driver
Truck Driver
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Appendix |11 Sample of AHP survey form i Spanish version

Examine adifererciade los principaes factores

() Ruta
() Viae
(I Carga
(Iv) Camion
(V) Conductor
Tablal
Asigna cdlificacion de 1a 5en lacolumna 'Tu purtuacion ', donde 5es & més importarte y 1 es € meros importante
Factores Consideraciones importartes de Soporte Tu pl(Jlrtg)amon
Ruta Caacteristicas de laRuta
Vige Caracteristicas de Vige
Carga Tipo de Carga transportada
Camién Caracteristicas del Camion
Conductor Caracteristicas del Camién Conductor
Tabla2
Circulo / marca"X " sélo una vez en cada fila para el nimero gpropiado mediarte la comparacion de importarcia relativa ertre dos de los factores
g 2 2 g
Opci g g & T 3 3 0 g 2 .
pciones £ = = = = = E Opciones
g - 5 3 g 3 |5 3 g
& = T 2 E) 3 T s &
9(/8|7|6|5|4|3|2|1|2|3|]4|5|6|7]8]|9
Ruta Vige
Ruta Carga
Ruta Camién
Ruta Conductor
Vige Carga
Vige Camion
Vige Conductor
Carga Camion
Carga Conductor
Camién Conductor
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Appendix IV Truck Clasgfications

Truck Classifications
e N o, Iy, A

CLASS 5
16,001 to 19,500 Ib

CLASS 1

6,000 Ib & less
Minivan Utility van Bucket

Multi-purpose  Full-size pickup City delivery Large walk-in

Beverage Single-axle van

e

Rack

m CLASS 7

Furniture 26,001 to 33,000 Ib

e

Medium conventional

Minivan Utility van CLASS 6

19,501 to 26,000 Ib

CLASS 2
6,001 to 10,000 Ib

Full-size pickup School bus

Step van

Walk-in Conventional van Refiss

CLASS 3
10,001 to 14,000 Ib

City delivery

City transit bus

Conventional van City delivery CLASS 4

14,001 to 16,000 Ib

Cement

o B

COE sleeper

Dump

.

Heavy conventional

33, 001 Ib & over

Large walk-in

Figure A4-1. Truck Classfications based onGross \&hicle Weight
FHWA Vehicle Classifications

3. Pickups, Panels, Vans
2 axles, 4-tire single units
Gan have 1 or 2 axle trailers

S ool o

4. Buses
2 or 3 axles, full length

e o

1. Motorcycles 2. Passenger Cars

2 axles, 2 or 3 tires 2 axles, can have 1- or 2-axle trailers

E0Z | o oo

5. Single Unit 2-Axle Trucks

6. Single Unit 3-Axle Trucks

7. Single Unit 4 or

2 axles, 6 tires (dual rear tires), single-unit

el oAy Wy

3 axles, single unit

More-Axle Trucks
4 or more axles, single unit

8. Single Trailer 3- or 4-Axle Trucks
3 or 4 axles, single trailer

9. Single Trailer 5-Axle Trucks
5 axles, single trailer

10. Single Trailer 6 or More-Axle Trucks
6 or more axles, single trailer

11. Multi-Trailer 5 or Less-Axle Trucks
5 or less axles, multiple trailers

13. Multi-Trailer 7 or More-Axle Trucks
7 or more axles, multiple trailers

12. Multi-Trailer 6-Axle Trucks
6 axles, multiple trailers

Figure A4-2. FHWA T ruck Classfications based on Axle and Vehicle
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Appendix V Southern California Truck Routes

SoCal Truck Routes

v

0 30 60 120 180 240
Miles S

Legend \—\f N

—— SoCal_Bottlenecks '
SoCal_HOT_Lanes

-———— SoCal_HOV_Lanes

—— Non_Highway_Truck_Routes

—— US_Truck_Routes

—— State_Truck_Routes

— Interstate_Truck_Routes

County_Truck_Routes

Cl SoCal_Counties

Figure A5-1. GIS Map of Southern California Truck Routes
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i t LEGEND*
TRUCK N‘E‘TWORKS (sTAR): o READS

Terminal Access (STAA)
65' California Legal Route  ={+  Airport
65' California Legal KPRA**Advisory Route

California State Highways

DISTRICT 7
Not to scale 30 KPRA™* Advisory
Last revised February 24, 2015 “seesesssssssenneee  Routes with Special Restrictions
prmmbliastiviods bl ciyeto g A AOLIGE VRS FOR R DRTANLEDLENEND)
Vehicle walght of 9,000 pounds of mars, are prohibited ~KPRA = kingpin-to-rear-axie distance

on Rte 2 betwaen 1-210, PM 24.4 (City of La Canada
Flintridge) and County Route N4, PM 79.9 (Big Pines.
Highway). For exceptions, see California Vehicle Code NOTE 1: Route 19 now turns into Route 164 at
Section 35655.6 (b). Route is Yellow (38°°) for exceptions Gallatin Rd. south of 60, and continues on to 210.
However, 164 is still signed as Route 19 in the field.

TURNING RESTRICTION Rte 170 Trucks
cannot use on-ramp to go from 170 to N&
Must use dotour: Turn right on Odin St th
laft on Cahuenga Bivd. Follow Cahuenga to
the NB 101on-ramp. Guide signs are posted
Routa 170 Is Advisory 32 from Rte 2 to 101
LOW CLEARANCES: NB & SB Rte 33, three
Matilija Tunnels, 134" PM 18.2 to 18.9.

El Roblar Rd. at Cuyama Rd. (PM 12.0)
District 6

NOTE 2: Rte 39: Green from Jct 10 (PM 10.7) to.

Badillo St. (PM 11.7), yellow from San Gabriel
River Bridge (PM 17.8) to Crystal Lake Rd.

(PM 38.2), black from Crystal Lake Rd. to

Jet Rte 2. NOTE 3: Rte 72 from Jct 39

in Orango Co. (PM 11.4) 0.5

miles from county

Gabriel River Bridge (PM 6.9).
Runs again from Paramount
Bivd. (PM 8.0) to 0.03 miles
west of Van Norman Rd.
(PM 8.5).

NOTE 4: Rte 19 from

Del Amo Blvd. (PM 4.0)

1o Gardendale St. (PM 8.4),

and from Telegraph Rd.
(PM 12.3) to Jct 164 at
Gallatin Rd. (PM 16.6).

NOTE 5: Rte 91
begins at Vermont
Ave. (PM 6.0), 0.3
miles west of 110
NOTE 6: Rte 107
ends at Redondo

"ENTURA

“Railroad Ave.
In Santa Paula
(PM 33.9)

@ =0-n-n-0

(PM VEN 10.2)
RESTRICTION Rte 1: From Rto 27 Boach Bivd.
(Topanga Canyon Blvd) (PM LA 40.8) (PM 4.8) 0.7 miles}

south of 405.

to Rte 23 (Decker Rd) (PM LA 59.9).
No through trucks with
4 or more axles.
Otherwise, route
is black

Rte 2: Centinela Ave.

at west border of
W. LA, (PM 2.3)
\‘ to 405 (PM 3.7).

RESTRICTION Rte 110
Pasadena Freeway
Jet Rte 101 (PM 23.7)
to Glenarm St. in
Pasadena (PM 31.9)
No commercial vehicle:

Lomita Bivd. PM 5.7

RESTRICTION Rte 1
No flammables /

NB Rte 110 between 101

Yellow Aduisory. combustibles in S
Rte 2: East border of S and I-5: College St., 13'-6'
W. Hollywood (PM 10.6) Sppulpatin ¥ wenst (PM 24.2), & Hill St., 13'-5"
* A a at SR 105 (PM 25.9)
N5 to N. Jct. 101 (PM 12.7). (PM 24.5)

Figure A5-2. Caltrans Map of Truck Network s in District 7

LEGEND (CLICK HERE FOR MORE DETAILED LEGEND)

TRUCK NETWORKS
National Network (STAA)

on
California State Highways Terminal Access (STAA)
MSYRICT 8 65' California Legal Route

NohiCcRl “. 65" Ca Legal KPRA* Advisory
Last revised April 1, 2015
£ 30 KPRA* Advisory
Route with Special Restrictions

*KPRA = kingpin-to-
rear-axle distance

District 9

L Rest Area

+ Airport

Fat Mofave Natiunal Fack

SAN BERNARDING
CAUTION: Rte 173
closed from PM 6.0 to

9 feet wide at points,

Rte 18 Advisory from S. Jct of Waterman Canyon Rd.
by Arrowhead Springs Rd, in San Bernardino (PM 9.2)!
to Marble Canyon Rd. near Camp Rock Rd. (PM 65.8)
Rte 330 California Legal from City Creek
2.2 miles north of San Bernardino (PM 32.5)
to Route 18 (PM 44.1)

Gateway Dr. in Palm Springs, PM 55.3.
Gene Autry Trail in Palm Springs
8

]
Cahuilla Way, 2.6 miles Palo Vorde  Rannells

‘west of Rte 111, PM 93.4 Bivd. in north of
Schultz Rd. near Valle Vista Palo Verde Falo Verde
5.3 miles cast of Rte 79, PM 46.6 PM 3.1 ™M

0.56 mi south of the intersection of Ramona Expy
and Sanderson Ave, PM 31.7 N
Menlo Ave. ~1 mile north of Rte 74, PM 26.4
Anza Rd. ~5 miles east of Rte 15

1 mile south of Temecula, PM 14.6
Grand Ave. in Lake Elsinor PM 11.8

Rte 74 ends in Perris at 7th St. PM 25.7 !

Figure A5-3. Caltrans Map of Truck Network s in District 8
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LEGEND e National Network (STAA)
TRUCK NETWORKS (CLICK HERE FOR A Terminal Access (STAA)
on MORE DETAILED LEGEND) i i
California State Highways le 65’ California Legal Route
DISTRICT 11 = Port 65 Ca Legal KPRA* Advisory
Notto scale [Pl RestArea 30 KPRA*" Advisory
Last revised March 9, 2015 2
<4 Airport

Route with Special Restrictions
Valley Center Rd. near Rincon Magnolia Ave. 1.6 miles east

*KPRA = kingpin-to-rear-axle distance
Indian Reservation, PM 32.9 of Jct 67, PM 27.1
Pala Mission Rd. (west junction) San Felipe Rd. (Turn off
near Pala, 5.7 miles east of to Ranchita - 10 miles)
of Jot Rte 15, PM 23.0

11.5 miles north of

Borrego Springs Rd. in Borrego (Turn-off to
Santa Isabel

Bormrego Springs 11 miles), PM 85.6  pieyicts

District
12

District 8
S

Bandy Canyon Rd. [E_
0.4 miles eastof <=
San Pasqual, PM 27.3

Haverford Rd., 1.7 miles
west of Jot 67 in sen
Ramona, P 23.8

Route 282 is black.

282 runs from Jct Rte 75
atOrange Ave. (PM 0.0)
to Alameda & 4th St. in
City of Coronado (PM 0.7) Tierra del Sol Rd. 2 miles
LOW CLEARANCE \ : s westgr Jok 8, FM 89.2.
NB I-5, Pershing Dr. B Route 188: black from Mexican
off ramp, 13-10"

" border (PM 0.0) to Humphries Rd.,
e RE STRICTION Route 75:
”023"“'"::'&;9’;"%“’5“‘&5 then yellowto Jct 94 (PM 1.9)
w " ;’" bt Aoiha Otay Lakes Rd. (Turn-off to Otay Lakes -
raem (ol gaths (FM 2020 5o 9 miles) 4 miles west of Dulzura, PM 24.7
* Jct Rte 5 (PM 22.3). Otherwise, J £
3 route is green. Rte 125 begins at Otay Mesa Bivd. PM 1.0

Figure A5-4. Caltrans Map of Truck Network s in District 11

TRUCK NETWORKS
on

LEGEND
(CLICK HERE FOR MORE DETAILED LEGEND)
California State Highways
DISTRICT 12 (STAA)
Not to:scalé s Torminal Access (STAA)
Last revised March 15, 2011

65’ California Legal Route

65’ Ca Legal KPRA Advisory

30 .
Carbon Ganyon at KPRA* Advisory
Lambert Rd., PM 1.8

*KPRA = kingpin-to-rear-axle distance

District 8
District 11
Ranche Viejo Rd

San Juan Capistrano
PMO0.2

California
Department of Transportation .
Logal Truck Access

Figure A5-5. Caltrans Map of Truck Network s in District 12
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Appendix VI Major Freeways inLos AngelesCounty

Table A6-1. Interstate Routes in Los AngelesCounty

Interstate Routes in LA County

Name LA County
Southern or
Notes
Interstate Auxiliary Northern ] Western Length (miles)
Eastern Terminus 2
Terminus
+Busiestandmost
- congested freewayin
-405 I-5in San -5 in Irvine 73 us
Fernandino +San Diego Freeway
-5 +Bypassofl-5
1-605 Irwindale Seal Beach 27 +San Gabriel Freeway
I-105 Norwalk El Segundo 18 +Spur of I-5
«Spur of I-10
*Long Beach
Freeway
+SR-710
I-710 Valley Blvd SR 47 23 e
1-10 Tunnel Project
cohnecting 710to
210
1-110 Pasadena SR 47 31 *Harbor Freeway
-210 I-10 -5 86
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Appendix VII Significanceof Freight Trucks
Table A7-1. Weight of Shipments by Transportation Mode
Table 2-1. Weight of Shipments by Transportation Mode: 2007, 2012, and 2040’
(millions of tons)
2007 2012 2040

Total Domestic Exports? Imports?| Total Domestic Exports? Imports? | Total Domestic Exports? Imports?
Total 18,879 16,851 655 1,372 | 19,662 17,523 1,238 | 28,520 23,095 2,632 2,794
Truck 12,778 12,587 95 97| 13,182 12,973 92| 18,786 18,083 368 335
Rail 1,900 1,745 61 93| 2,018 1,855 82| 2,770 2,182 388 201
Water 950 504 65 381 975 542 338 1,070 559 164 347
Air, air & truck 13 3 4 6 15 3 7 53 6 20 27
Multiple modes & mail' 1,429 433 389 606 | 1,588 453 595| 3,575 645 1,546 1,383
Pipeline' 1,493 1,314 4 175| 1,546 1,421 112 1,740 1,257 17 467
Other & unknown 316 266 36 14 338 277 14 526 362 130 34
12007 total and domestic numbers for the multiple modes & mail and the pipeline categories were revised as a result of Freight Analysis Framework database
improvements.
2 Data do not include imports and exports that pass through the United States from a foreign origin to a foreign destination by any mode.
Notes: Numbers may not add to totals due to rounding. The 2012 data are provisional estimates that are based on selected modal and economic trend data.
All truck, rail, water, and pipeline movements that involve more than one mode, including exports and imports that change mode at international gateways,
are included in multiple modes & mail to avoid double counting. As a consequence, rail and water totals in this table are less than other published sources.

Table A7-2. Value of Shipments by Transportation Mode
Table 2-2. Value of Shipments by Transportation Mode: 2007, 2012, and 2040’

(billions of 2007 dollars)

2007 2012 2040

Total Domestic Exports? Imports?| Total Domestic Exports? Imports?| Total Domestic Exports® Imports?
Total 16,651 13,457 1,196 1,997 | 17,352 13,927 2,033 | 39,265 27131 5,303 6,831
Truck 10,780 10,225 267 287 | 11,130 10,531 289 | 21,465 19,315 985 1,166
Rail 512 374 45 93 551 400 96 898 555 148 195
Water 340 158 15 167 339 170 148 337 138 46 153
Air, air & truck 1,077 151 422 505| 1,182 163 549 | 5,043 834 1,997 2,212
Multiple modes & mail' 2,884 1,646 394 844 | 3,023 1,697 848 9,925 5,203 1,911 2,811
Pipeline’ 716 651 4 61 768 699 61 776 605 17 154
Other & unknown 34 252 48 4 359 267 4 821 482 199 139

12007 total and domestic numbers for the multiple modes & mail and the pipeline categories were revised as a result of Freight Analysis Framework database improvements.
2 Data do not include imports and exports that pass through the United States from a foreign origin to a foreign destination by any mode.

Notes: Numbers may not add to totals due to rounding. The 2012 data are provisional estimates that are based on selected modal and economic trend data. All truck,
rail, water, and pipeline movements that involve more than one mode, including exports and imports that change mode at international gateways, are included in multiple
modes & mail to avoid double counting. As a consequence, rail and water totals in this table are less than other published sources.
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Appendix VI Reviews oftheliterature

Yichen Sun (2011) In her research studed the decision-making pocessand the elementsthat
influence choosng of routesby truck drivers. The data from truck drivers has been colleded
by impede interviews from three truck stopsand rest areas along major highways in the
United States. Two programmed surneys were condicted for the purpose. The first surey
solicited badkgroundinformationsuchas the elementsthat contribute totruck drivers routing
dedsions, recognizing the dedsion makers, and sources consulted in making routing
dedsions. In the scond surwy, the author has prepared a staéd preference suwey
guestionraire in which 252 responants had to choosebetween two theoreticd alternative
routes. Thetwo hypotheical scenarios adoptedare a turnpikeand a bypasssaenario.

Cargo segments consicered are trucks LTL (Less than truckload), TL (Truck Load), and
Parcel (or courier) service In LTL segments,trailers are not fully filled and all the cargo
might not be for a single shipper. LTL trucks generally load cargo onto other trucks, so they
have multiple stopsand muchlessoptionsfor choosing routs. In TL segments,trailers are
fully filled and there will generally be a single shippe, so they usualy have long hauls and
thus have many optons for choosing routes. The third cargo segment is Parcel/courier
Service, who do door to door delivery service. Spedal cargo segments are tempeature
control, overweight, Hazmat, etc. Eight percent of the 3.2 million truck drivers are owner
operated in the US (256,000). A small percentage oftheseowner-operated truck drivers are
from Southen California, and will be thepopulationof interest for our study. Owner operated
truck drivers lease to carriers either as Gross Lease or Net Lease. Toll prices are charged
based on the numberof axles a vehicle has. The author citied works of many otherjournals
thatusedvarious methals suchas a logit modeland regresson analysisto cdculate the Value
of Time. Large variations in VOTG obtaired many factors like cargo vaue, time of day,
characteristics of thetruck driver (owner-operated, private fled). In mostcases, it was found
that owrer-operateddrivers have ahigher VOT.

Gerard de Jong and et al. (2004) Research has been carried out for the TransportResearch
Centerof the Dutch Ministry of Transport in order to set up amonetry valuefor the Vaue of
Time (VOT) and the Vaue of Reliability (VOR) for 5 different modes: truck, rail, inland
water ways, sea transpot, and air transport. A list of factors influencing costswere identified
and were categorized into five caegories: fixed costs, variable cost, labor costs, speific
costs, and company costs. A suaessful suivey was condicted on carriers and shippers aaoss
thesedifferent modes.It was based on time and reliability versus cost trade-off ratios. A
reveded preference survey interview and two staed preference suwey interviews were
organized for the study purpose.Onestaed preference survey was condicted within modeas
responants had to choose aternatives within a mode,and the other stagd preference suwey
had respordents chocse between any two specific freight modes. Based on the data obtaired
from surweys, disaed choice modelswere developedto provide 2 trade-off ratios between
travel time and travel cost and between travel reliability and travel cost. Usingthese trade off
ratios, the Vauesof Time and Vaue of Reliability are esimatd. The travel time and travel
cost Trade off ratio signifies how willing respondents are to reducing their travel time by
increasing travel cost; similarly, The travel reliability and travel costtrade off ratio signifies
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how willing respordents are to increasing travel reliability with an increment in travel cost.
The mixed logit modelsdevelopeddid not give subgantialy better outputthanlogit models.
In order to overcome the poblemof mutiple doservationson responents, ead resporse was
taken to be in@pendent of ead other.

TheValue of Time per hourwas found out to be:

Mode VOT in G/hour
Low value raw materials 38
High value raw materials 49
Truck —
Finishedproducts 38
Containers 42
Rail 918
Inland WaterWays 74
SeaTlrangport 73
Air Trangport 7935

TheValue of Rdliability for asingle trip was found outto be:

VORin U/trip
Low value raw materials 1.01
High value raw materials 131
Truck Finished products 2.67
Containers 2.85
Rail 89808
Inland waterways 62.53
SeaTrangport 93060
Air Trangport 15429

John Holland Knorr ing. (2003) In his study focuses onempiricd anaysisof dedsions nade
by truck drivers for choosing routes. For this study, a revealed preference data set was used.
Sincetruck drivers are authorized to driveonly specific amourts of time per day, the stop they
makeafter driving the authorized hoursfor that day are consicered to be the end of the trip.
Study zone areas have been selected in sucha way that the route network is around a major
city, sothere will be multiple aternatives for truck drivers, like routes through downtownand
bypass routes. Since these areas would have alarger scope for decision making, the study
consicers trade-offs between trip distance and travel time fadors, such as: trip distance of
aternate routes, traffic volume, risk aversion, truck driver income, the level of education of
the driver, and the duration of the trip. The author highlights the fact thatthe Vaue of Time
for bypassroutes > theVaue of Timefor downbwn routs, and the Variance of Travel Time
for bypass routes< Variance of Travel Time for downtownroutes.

Lo 2 D/*1 exp(AUttltty) +(-D)*log(1- exp(AUtzlz-t}.r)
1 +exp(AUtility) 1+ exp(AUtility)

Theequation ofthe logit model aevelopedfor thestudy

Drivers are assuned to betime and cost minimizers more so than distarce minimizers.
Subjects who nake dedsions egarding roues cansidermaximum uility. From his esults, the
author inerpreted that tevel time is a more crucial fador than tavel distarce.
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