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Abstract

Urban truck parking policies include time restrictions, pricing
policies, space management and enforceniéris paperdevelops a
method forinvestigaing the potentialimpact of truck parkingolicy

in Canadianurban areas.An econometc parking choice model is
developed that accounts for parking type and locatntraffic
simulationmodule is developed that incorporates the parking choice
model toselect suitable parking faciliti#decations The models are
demonstrated tevaluae the impact of dedicatingn-street parking in

a busystreetsystemin the Toronto CBD The results of the study
show lower mean searching time for freight vehicles when some
streets ee reserved for freight parking, accompanied by higher search
and walkingtimes for passenger vehicles.

Introduction

Central business district&CBDs) are major destinations for goods
pickup and delivery in CanadaOs urban centres. OLast mileO delays in
CBDs are one of the most expensive components of urban freight
(OQaughin 2007). In this Olast mileO, truckers must navigate
congested urban streets and search for appropriate pakiingn
parking is unavailable or inappropriately located, delivery vehicles
frequently park illegally, often considering the parking tickets as a
cost of doing busines3his cost isincreasing over timeFrom 2006,

to 2009 parking fines in Toronto increased 7Q¥d there idittle
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evidencethatillegal parkingproblems is being reduceth Toronto,
FedEx, UPS and Purolator paid an estimated $arbbrking fines
in 2009 (Haider, 2009).

The problem is significant and growin@he Toronto CBD, for
example, receives daily average of 81,000 packagiem express
delivery alongHaider, 2009)Parking and loading spaces are limited
in the CBDbecawse many ofbuildings were constructebefore the
invention of the automobildncreasing land values have resulted in
the conversion of surface parking lots to hrgge buildings, which in
turn are increasing the demands for goods delivery.

While parkingissues are also common in other large North American
cities, manyof theseother cities are searching for innovative ways to
more effectively manage truck parkirigffective truck parking policy
has potential to reduce logistics costs, improve congestigirpve
safety and ultimately make Canadian citie®re competitive to
attract business

Urban policy makers are in need of data and decision support tools to
identify impacts of parking policy scenarios such as dedicated on
street parking for commercial vehicldésne restrictions, angricing
policy. Traffic simulation toolsare increasinglypopular for urban
traffic analysis however, they do not currently provide sufficient
representation of parking. Parking simulation models have been
developed, but these models are for passenger parking, which is
behaviourally different than truck parkingconometric models of
parking choiceshave also been developed, but agaia lanited to
passenger cars (Habib et al., 2012).

This paper explores the potential of truck parking policiesand
develops anovel tool for assessing the impacts of parkingi@ol
First, a review of strategies for dealing with truck parking is provided.
Second a truck parking type and location choice model is developed
using data from a truck parking survey conducted in the summer of
2010.Third, atraffic simulation modeis developedor a small study
area in theToronto CBD The modelspecifically representon-street
parking, offstreet surface parking lots, parking garages, truck loading
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docks, and alleyways suitable for truck loading/unloadigiodule

for truck parking behaviour is incorporated in this simulation
environment that is capable of assessing the traffic impact of changes
in parking policy on truck parking choicé&inally, the model is
applied to test the impact ¢fvo simple truck parkingscenaris on
measure of effectiveness such as time to find parking, watking
distance to the final destination

Literature Review

In denseCBDs, curb space is a scarce resource with high demands
from avariety of usersCurb space management policies impact road
congestion, business vitality, urban aesthetics, and pedestrian safety
and comfort (Zalewski et al., 2011). @treet parking is often the
focus of parking management practices where there is not ample
supply to fulfill the demand. Policy makers have gahlgresponded

to this problemby promoting parking turnover using control time
limits and parking pricing. Higher meter rates, on the other hand, are
endorsed bythosewho believe time limitations arehallengingto
monitor and enforce. Shoup argues thatking meters can create
curb vacancies by directing a portion of drivers tostféet parking
facilities (Shoup, 2006). This would reduce cruising for curb parking
which canreducecongestion.

In addition to the indirect effect of passenger vehiclkipg policies

on freight vehicles, loading zone regulations and freight restrictions
directly impact freight deliveries. In response to recent freight vehicle
operations issues, the Federal Highway Administration (FHWA)
developed case studies in some lo¢ tmajor cities of the United
States (Los Angeles, New York City, Washingt®€, and Orlando)

to document prominent goods movement stratedi¢BA(A, 2009).
Freight parking sategies employed in these cities inclddéme
restrictions, pricing strategiesparking space management, and
parking enforcement.

Time Restrictions

A common freight parking strategy used in many cities is time of day
loading zone restrictions. The goal of such time restrictions is to
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separate commercial vehicles and passenger leshit urban areas
temporally instead of spatially. In Manhattan, tdew York City
Department of TransportatiafNYCDOT) is planning to implement
delivery windows to designate curbside parking for freight vehicles in
the morning and create better parkiogportunities for passenger
vehicles later in the dayrhey havdearned that 65% of all deliveries
occur before 12 PM and granting exclusive parking access to freight
vehicles during these hours can reduce traffic congestion. A similar
strategy is used iRhiladelphia where loading zone restrictigasb

ject to parking enforcement) encouralgpeal businesses to receive
any deliveries before 100 a.m. (Zalewski et al., 2011). Jaller ed.
(2011 estimated that, in Manhattan, shifting approximately 20% of
freight traffic to offpeak hours would minimize the number of over
capacity parking locations. Any more than this, and thepeé#k
hours begin to suffer the same capacity problems as occur during
peak hours.

Pricing Strategies

Pricing strategies, in general, encourage greater turnover of both
passenger and freight vehicles to create better parking opportunities
for newly arriving vehicles. The District Department of Transporta
tion (DDOT) in Washington, DChas installed loading zoneeters
along K Streetin response to alflay parking of commercialehicles

The meters charge commercial vehicles $1 per hour and allow a limit
of two hours for parking. The NYCDOT has also implemented a
pricing strategy using the Mumieter program thatses an escalating
rate structure of $2 for one hour, $5 for two hours, and $9 for three
hours. This strategy has led to considerable reductions of dwell times
(160 minutes to 45 minutes) and highlights the need for research in
studying the impact of diffent hourly pricing combinations.

Space Management

Commercial vehicles camprove efficiencyif ample curbside space

is reserved for them. The NYCDOT encourages smaller jurisdictions
to designate part of the curbside or even individual spaces to
commercial vehicles. The DDOT and Downtown DC Business
Improvement District (BID) in Washington, D®ave also extended
loading zones from 40 feet to 100 feet in length in K Street and
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moved commercial loading zones to the approach end of each block
wherever possible.

Parking Enforcement

Parking enforcementesponls to lack of regard for parking regula
tions. For example the Los Angeles Department of Transportation
(LADOT) has initiated an enhanced parking enforcement program
called OTiger TeamsO. The program depldsiniformed traffic
control officials and10 tow trucks toenforce parking violations
during peak hours. The program impeoMraffic flow andenhaned
goods movement. WashingtddC, has adopted a similar program of
parking enforcement on K Street in addition to its other -spidice
management policiesthe NYCDOT repais that enforcement is a
critical component for a successful curbside management protram.
implemented a pilot program incorporating enforcement in 2002
called THRU StreetsNYCDOT, 2004. This program consisted of
the designation of THRU streets, whéraffic flow was prioritized,

and noRTHRU streets, where accessibility was prioritized. On
THRU streets, parkingwas madeavailable on one side only.
Enforcement was increased on THRU streets, with the goal of
reducing illegal parking and increasing cuclear time. On non
THRU streets, multspace MUNI meters were installed on both sides
of the street, creating approximately 150 additional freight parking
spaces in the study area. This pilot program resulted in a decrease in
travel times, an increase inetwork capacity, and increased the
percentage of streets free of illegally parked vehicles.

Parking Innovations

Several North Americangities have recently incorporated innovative
technologies to better manage the available scarce spabe.For
example San Francisco Municipal Transportation Agency (SFMTA)
has initiateca comprehensive parking program calledPafk. SFPark
collecs reattime information using parking sensacaad distributes
information via the internet and smart phone applicationsiform
drivers about locations of vacant parking spdts. achieve higher
parking availability, SPark periodically adjusts meter and garage
prices to better match the demand. The rates Wmrtime and
location andareadjusted by no more than &@er hourdown or 2%
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per hour upThe objectiveof the system is to adjust rates so that at
least one vacant estreet parking spas available on each block.

Data and Methaod

The new datacollectedfor this researchincludeda survey oftruck
drivers, a count ofruck parking eventanda complete inventory of
parking supply in the Toront8BD (area between Queen St., Simcoe
St., Front St. and Victoria 3t In Augustof 2010, driver interviews
andtruck parkingcountswere conducted to determine the demand for
parking and loadingThe interviewsof truck drivers vere conducted

by a surveyor who targeted parked commercial vehicles on individual
road segments on weekdays between the hours of 9:00 AM to 3:00
PM. The interviews collectedarrival time, departure timegarking
location, type of vehicle, the company that owned the commercial
vehicle the commodity delivered and the final destination of the
delivery. The survey instrument is shown in Appendix While
conducting surveys, the interviewer also counted aked humber of
trucks parking in the road segmefverall, 200 driver interviews
and observation of 1940 parking events were conduCtecaverage,
approximately 10% of trucks parking in each segment were subject to
a driver interview A broad variety ofcommercial vehicle types and
commodity types were covered in the survey, resulting in a reason
able representation of truck movements across thenimr@BD.
Details of the data collection effort are presented in (Kwok, 2010).

Figure 1 shows the area inet Toronto CBD that was selected as the
study area. The locations markedth white squareon this figure
represent some of the 60 most heavily ticketed locations in Toronto as
reported by the Canadian Courier Logistics Association@®CThe
locations markeavith black squaresare among the 10 most ticketed
locations. This area also contains a mixnadijor two-way arterial
streets (Bay, Queerand Yonge)major oneway streets (Richmond
and Adelaide), and small backstreets (York, Terapce, and
Sheppard). There is also a good mix ofshreet parking, loading
bays, surface lots, and parking garages in this dtea.area consists
mostly of highrise buildings including the Bay Adelaide Centbd-(
storey office cmplex), the Sheraton ébtre (43storey hotel), he
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Richmond Adelaide Centre (d2orey officecomplex) and several
other 1ZR0 storey office towersketail and dining establishments are
present at seet level andoffice spaceis generally located above
street level.

BN (n-Strect Parking
Alleyway

. Alleyway Loading Zone

A Loading Bay
O Surface Parking
Q Off-Street Public Parking
[  Top 60 Most Ticketed Location
I Top 10 Most Ticketed Location
BB Study Arca Boundary
N

Fig. 1. Study area in the Toronto CBD

The modelling method developed in this paper include parking
choice model anda parking simulationmodel These models are
described in the following sections.

Parking choice model

The parking choice model is @eonometric discrete choice model of
parking type (orstreet, offstreet, illegal) and location choicé&
binary logit model is developed to determine the probability of
parking at a parking location for every simulated vehicle in the study
area networkThis model can be written §BentAkiva and Lerman,
1985)

P!:! +e'th

where! is avector of estimated parameteand!; is avector of
characteristis of the current parking location The binary logit
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model is based on data from theiwhr interviews, in whichthe
selected parking location was identifiéiche datawere processed to
identify the last two parking locations that driver wohkvepassed
and rejected en route to his chosen parking loca#isrfollows First,
the address ahe parking event and the address of the previous stop
were found Next, Google Mapsvas used tdind the driving route
from the previous stop to the parking eveRtom the parking
inventory,the previoustwo appropriateparking facilities(i.e. able to
accommodate the vehicle typtat the driver would have passed en
route to the parking locationvere identified (if such facilities
existed) Finally, the walking distancéo thedelivery destinatiorand
other relevant attributes of the parking spetr@determined

The binary logitmodelfor freight vehicle parking location choidg
sensitive to parking availability, distance from the final shipment
destination, and parking facility typ@he parameters of this model
were estimated using a maximum likeod processThe estimated
values for these coefficients are statistically significant if the absolute
value of the O statistic is greater than 1.96 for the 95% confidence
interval. The estimated parameters are sunmediin Table 1.

Table 1.Binary choice model for freight vehicle parking locatio

Log Likelihood -84.35
Pseudar-squared 0.3086
Variable Coefficient t-Stat
Distance -6.23E03 -3.87
On Street -1.61 -4.11
Loading Bay 2.21 2.09
Constant 2.12 6.09
Parking Simulation Model

A P.M. peak hourparking simulation model is developed for the
study area in the Paramitraffic simulation softwareThe P.M. peak
hour was selected based on field observations showing that this is
when the greatest degree of parking activity was occurfing
Toronto CBD experiences greater levels of activity in the P.M. peak
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house because:large number of workers are commuting out of the
CBD at this time; a large number of people are entering the city to
shop eat or go to entertainment; and trucks are tieapeak of their
deliveries (trucks often avoid the A.M. peak hour because of conges
tion). The major inputs to this model aeedetailed road network
parking facility locations and capacities, and truck and passenger
vehicle demand matrices

The Parants road network for the study area was extracted from a
larger network developed and calibrated for a previous prdjack

ing facility locations were identified in a comprehensive inventory
taken in the summer of 2010 (Kwok, 2010), and were codedhieto
simulation network.

The data fothe development of truck and passenger vehicle demand
matrices wergetrieved fromTorontoOs household travel survey (the
TransportationTomorrow Surveyb TTS), City of Torontointersee
tion traffic counts andthe trick parking survey by Kwok (2010).
TTS data wereused to calculate thgassenger vehiclgip generation
and attraction fothe study arealruck trip generation and attraction
was determined from the truck parking survéye entry and exit
points ofinbound and outbountiucks and passenger vehiclesre
distributed among thebads entering thstudy area usingtersection
count databtainedfrom City of Toronto.Trips though the study area
were calculated from the residual intersection counts afteyund
and outbound trips had been subtractiéte model assumes no trips
had both an origin and destination within the study area.

The parking choice model is integrated within thienulation model.
The choice model is calledachtime a vehiclearrives ata potential
parking facility which is within 250m of its final destinationThe
modelthencalculates the probability of selecting the targeted parking
facility. Using a Monte Carlosimulationand the calculated binary
choice probability the vénicle decide whether to take the parking
facility or to keep driving to find a better parking opportuni@nce
parked, vehicles dwell at the facility until they reach their parking
duration time when they leave the facility and drive to their next
destiration outsidehe study area boundaridsgure2 is a schematic
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of thesimulation procesapplied simultaneously to each vehiclée
flowchart is interpreted in the following steps:

1. The simulation model initiates at timg.T
2. Vehicles are traced if within 258 of their final destination.

3. Traced vehiclesevaluate eaclparking facility they approach
using the binary logit modelintil one is chosen

4. When a parking facility is chosen, its capacity is reduced by 1
spot which is faken by the vehicle. Similarly, the capacity of
the facility is increased by 1 when the vehicles reaches its
dwell time and leaves tHacility.

5. The model stops tracing vehicles at the time they reach their
dwell time and are dispatched from the parkirgility to
leave the network

6. The model terminates when time reaches the simulation
duration which is set to 1.5 hours in this study with 0.5 hours
of warmup.

Two measures of effectiveness calculated in the model are average
search time and average walking distance. Vehicle search time is
defined as the difference between the time a vehicle crosses a radius
of 250 m of its destination to the time the vehicle $inal spot.
Walking distance is defined as the distance between the final
destination of the delivery and the parking location. Intuitively, lower
values of both measures of effectiveness are more attractive to both
parking authorities and users.
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Fig. 2.Parking simulation model flowchart
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Scenariosand Results

The integratedparking choicesimulation modelis designedto
evaluate various parking policies. To test thedel we apply the
THRU Street parkingconcept. The two assessed parking policy
scenarios are the following

Scenario 1:

Sheppardand Temperance Streetire designated acess streets
where access to parking facilities is given only to freight vehicles.
Richmond and Adelaide Streate designated &HRU streets where
freight parking igprohibited

Scenario 2:

Sheppard and Temperance Streets are exclusively reserved for freight
parking. Freight vehicleare permittedhoweverto park elsewhere in

the study area.

The resultof the scenariod and 2arecompared to the base scenario
with no changes to existingarking policy. To account for nradom
variation in the modell0 runs are executefbr each scenario, and
mean and standard deviation of each measure of effectiveness is
provided.Table 2 presents the measures of effectivenesthédrase
scenaricand twoTHRU Streetscerarios for each vehicle type

Table 2 Comparison between base and thRTJ Street scenario

Search Time (minutes) Walking Distance (metres)
. . Passenger . . Passenger
Freight Vehicles Vehicles Freight Vehicles Vehicles

Mean SD Mean SD Mean SD Mean SD

Base
Scenario

Scenariol| 1.26 1.18 1.61 1.39 81.4 56.3 87.2 68.7

1.87 1.29 1.50 1.34 67.9 67.2 85.4 69.1

Scenario 2| 1.01* 11 1.76 1.45 34.8* 45.1 91.2 64.2

Note: changes in means are significantly different from the base scenario with 90%
degree of confidence if an asterisk follows the value
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Comparison of the threescenarios showsxpected differences
between the search time and walking distances of both passenger and
freight vehicles.Results show lower freight search time valua
Scenariol compared to the base scenaf@though the difference is
not highly statistically significant)This is due to the presence of
more vacant spots in the access streets thanhaneavailable to
freight vehiclesThe freight vehicle seardime standard deviation is
also lower forScenariol because freight vehicles are aware of where
vacant spots are and they drive directly to the access streets, thus
reducing variability in search time. I8cenario2, however, mean
freight vehicle searchirhe is cut down even more to 1.0finutes a
significant reduction This happens because thdseight vehicles
with destinations other than the access stréws were forced to
drive to the access streé Scenariol can now drive directly to their
final destinationln general, the standard deviation for search times is
relatively high, indicating that some vehicles are able to find parking
very quickly while some vehicles spend far more time searching for
parking. This is consistent with the realithat if a vehicle does not
find parking at a close distance the first time they pass their
destination, they may spend significant time travelling around the
block to make a second attempt.

Walking distances, on the other hand, show higher mean values in
Scenariol for freight vehicles. This is due to the nature of the policy.
Requiringfreight vehicles to parlon specific access streets restricts
the driversfrom parking at a location closer to their destination.
Hence, drivers have to walk further to reach their final delivery/
pickup locations. The mean freight walking distance value in
Scenario 2, however, issignificantly lower This happens because
those vehicles thawere restricted irScenariol can now drive to
their destinations and park at a closer location.

Passenger vehicles, on the other haxgerience different outcomes
Higher mean passenger vehicle searghitime results in both
scenarios 2 and @lthough the differences are not highly significant)
This is due taa diversion ofparking demand from the access streets
to other locations here parking is harder to fin@n the whole the
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results of the three scenarios presemteapectedradeoff between
measures of effectiveness of passenger and freight vehicles.

Conclusions and Future Directions

The integrated parking behaviesimulaton modelpresented in this
paperis a new approach tparking policy evaluation The modelis
able to capturemportant dimensions of parking activity such as
walking distance and search tigthatare commonly neglected in the
literature and usually not quantified at all in practical decision
making With some effort the method can be applied in any jurisdic
tion for which a traffic simulation network, aragppropriate informa
tion about parking supply and demand are availaMkile the most
crucial applications are in dense urban areas where the ¢reates
competition exists for curbpace, smaller urban areas with localized
parking hotspots arasopotential application areas.

Our results show relationships between parking supply, parking
demand, and network attributes (i.e. link travel times). Incadeere
demand exceeds the available supply, the vehicles cruise around the
network to find a spot. Higher link travel times, higher parking
demand, and lower parking supply all contribute to increasing
parking search times.

To verify thatthe modelprovides useful and reasonable resulte
apply the model to twacenaris for a small but busy study area in
the Toronto CBDThese scenarios dedicate parking on some interior
streets to trucksOur results showreductions infreight vehicle
searching time irthese scenaris, whereasfreight vehiclewalking
distancesdepend on the parking policy for other streets in the
network Passenger vehicleearch time and walk distances increase.
All of these changes are intuitive, lending credibility to the model
and they quantitativelyillustrate the tradeoffs that arise in selecting
among competing uses of curb space

The model could be improved and further validatenlst, parking

spot availabilityoccupancydriver search timend walking distance
were not collected ienough detail for the study area in the parking
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choice surveyTesting model outcomes against observed values for
these critical measures would improve confidence in the model.
Second, all trucks are assumed to make parking decigltats
conform to asinglesimple choice functionCouriers, food deliveries

and shredding trucks, as examples, all have very different constraints
on their parking behaviaguthat could be represented with more detail

if data were available.

This reseech could be further extended to evaluate the effectiveness
of other parking policies such as time restrictiongrking
information systemspricing strategies, and new parking facilities
requirenents for new developmentslowever,some additionatiata
cadlection efforts may be required favaluation of these policies
Additional data can b&tegratedinto the simulation by enhancing
the parking choice modelsto include price variables or prior
knowledge of parking availabilityAdditional measures of ffctive-
ness could also be investigatéd particular, the simulation technique
could be extended to quantify the implications of parking policy on
congestion, the effects on illegal parking and occupancy rates.
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APPENDIX A: Parking Survey Questionnaire

1.1 - Type of freight carrier
1.2 - TL, LTL or Package
1.3 - Type of freight carried
1.4 — Type of truck driven

2.1 — How long have you been driving for this
company?

2.2 — How long have you been driving in downtown
Toronto?

2.3 — How familiar are you with parking available
in downtown Toronto?

3.1 — What type of fuel does your vehicle use?

4.1 — Currently, where are you parked relative to
your destination?

4.2 — List the location(s) of the pickup/delivery or
other activity accessed from this parking spot

4.3 — What is the approximate total weight of
deliveries from this parking spot?

4.4 — What is the approximate total weight of
pickup from this parking spot?

4.5 — What is the approximate total number of
boxes/packages/ items delivered and picked-up?

4.6 — Was any special handling equipment used? If
50, please describe

4.7 - Did you have difficulty finding a legal parking
spot? If so, how long did you spend searching for a
spot to parking?

4.8 — Did you have to wait to use a loading zone at
this stop? If so, how long did you wait?

4.9 — Do you idle or turn your engine off when
making deliveries/pickups? If you do idle, for how
long do you do so?

4.10 - Do you understand what the no stopping,
standing, parking sign mean?

5.1 — What was the location of your previous stop?
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5.2 — What will be the location of your next stop?
5.3 — How many pickups/deliveries/other purpose
stops do you expect to have made by the end of
today? How many of these are in downtown TO?
5.4 — What are your driving hours for today?

5.5 — What is the location of your depot?

6.1 — What times of the day are the easiest to park
legally? The hardest?

6.2 — What makes it hard to park legally at the
hardest time of the day? (Select three)

6.3 — Where are the majority of your parked
locations at?

6.4 — How many parking tickets do you typically
receive daily?

6.5 — Do you agree parking authorities are biased
towards commercial vehicles in issuing tickets?

6.6 - Does your company have a parking policy?
If so, what is it?

6.7 — What are major barriers for using loading
and parking zones?

6.8 — Which area in the downtown is the most
frustrating for you to park/load and why?
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