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ABSTRACT

This thesis develops the foundation of a model to predict P.M. peak vehicle trips for the
Manitoba Capital Region.  This model, called the Manitoba Capital Region
Transportation Planning Model (MCRTPM), is built on a Geographical -Information
System for Transportation (GIS-T) platform. Components of the model were calibrated
using the 1996 Statistics Canada Journey-to-Work database and the matrix adjustment
algorithm with newly developed traffic data from the City of Winnipeg and Manitoba

Department of Highways and Government Services (MHGS).

The foundation developed in this thesis allows further refinement to be made to the
MCRTPM in order to develop a complete model. This model facilitates transportation

planning in the Manitoba Capital Region.
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1.0 INTRODUCTION

This chapter presents the purpose, background, objectives, scope and organization of the

thesis.

1.1 Purpose

The thesis develops the foundation of a model to predict P.M. peak vehicle trips for the
Manitoba Capital Region.  This model, called the Manitoba Capital Region
Transportation Planning Model (MCRTPM), is built on a Geographical Information
System for Transportation (GIS-T) platform. Components of the model were calibrated
‘using the 1996 Statistics Canada Journey-to-Work database and the matrix adjustment
algorithm with newly developed traffic data from the City of Winnipeg and Manitoba

Department of Highways and Government Services (MHGS).

1.2 Background and Need

The City of Winnipeg and the surrounding region are termed the “Manitoba Capital
Region” (see Figure 1). The 1996 Census of Canada indicates that the Capital Region
has a population of approximately 700,000 people with 625,000 of them residing in
Winnipeg (Capital Region Review, 1999). Like most North American metropolitan
areas, the City of Winnipeg is experiencing urban sprawl characterized by the rise of
suburban communities surrounding the older areas. Klassen (1999) documents the urban

sprawl pattern in the region. Growth in the ex-urban communities in the Capital Region,



and large activity shifts in the City of Winnipeg itself have translated into significant

changes in the traffic patterns.

Figure 1: The Manitoba Capital Region

To this day, transportation agencies in the region, like th¢ City of Winnipeg, Manitoba
Department of Highways and Government Services (MHGS), Manitoba rural
' municipalities, Winnipeg Transit, and the Winnipeg Airport Authority perform their own
respective transportation planning. The lack of a regional approai:h to transportation
planning has led to a situation in which there is insufficient understanding of the regional
traffic characteristics in the region. The Capital Region Review panel highlighted this
lack of understanding when they concluded that there is “inadequate information and
research for assessing commuting patterns within the region” (1999). In order to increase
the effectiveness of transportation planning, there is a need to develop better means to
understand, structure, analyze and predict transportation demand (characterized by traffic
flows) in the Manitoba Capital Region. This can be achieved through the construction of
a model that links the transportation and land-us¢ systems of the region in terms of traffic
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flows. This linkage provides a capability to better assess and test a variety of
transportation planning alternatives. This capability in turn provides decision makers
with quantitative information about the consequences of their decisions, thus allowing

objective transportation systems analysis and planning in the region (Mekky, 2000).

In the United States, metropolitan areas have their respective Metropolitan Planning
Organizations (MPOs). The MPOs are formed for cooperative transportation decision
making for the metropolitan planning area (FHWA, 1994). MPOs are required by the
Transportation Equity Act for the 21% Century (TEA-21) to develop transportation plans
that consider (FHWA, 2000): (1) the preservation of existing transportation facilities; (2)
the consistency of transportation planning with applicable Federal, State and local energy
conservation programs; (3) the need to relieve congestion and prevent congestion; (4) the
likely effect of transportation policy decisions on land use and development; (5) the
programming of expenditure on transportation enhancement activities; (6) the effects of
all transportation projects to be undertaken within the metropolitan area; (7) international
border crossings; and (8) the need for connectivity of roads within a metropolitan area
with roads outside of a metropolitan area. As a result of the United States legislative
requirement for transportation plans, many MPOs have developed transportation models
within their jurisdictions in. order to facilitate the development of the required

transportation plans.

In Canada, transportation agencies (municipal, provincial, or regional) are not required to

produce transportation plans by law. However, many agencies develop, maintain and



improve transportation planning models in order to facilitate the development of

transportation plans.

As well as important shifts in population and activity systems in the region, several
developments in the regional transportation network highlight the need for a regional
transportation planning model. The completion of the Highway 101 Northeast extension
and the opening of the Charleswood Bridge had significant impact on the traffic flow in

the region (see Figure 2).
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Figure 2: Charleswood Bridge and Highway 101 Northeast Extension




When the Charleswood Bridge was opened in 1996, the Annual Average Daily Traffic
(AADT) at Permanent Count Station 47 on Highway 100 decreased from 22,020 (in
1995) to 17,260 (in 1996) (UMTIG, 2000). Figure 3 shows the historical AADT for
Station 47. Figure 4 shows a map of the Charleswood Bridge and the location of Station

47.

The Highway 101 northeast extension resulted in an AADT of 3,150 at Station 86 in its
first year of operation in 1997. This traffic increased to 3,460 in 1998 and 3,970 in 1999
(UMTIG, 2000). Since the traffic on provincial highways outside of the city has not
decreased, this leads to the inference that the traffic on the northeast extension used to be

traffic that operated on City streets before the northeast extension was completed.

In the first case, a new transportation facility within the City of Winnipeg led to a
substantial decrease (5000 vehicles per day) in traffic flow on a major provincial highway
link in the Capital Region. In the second case, a new transportation facility outside of the
City of Winnipeg has (presumably) led to a substantial decrease of traffic on certain City

streets (3000 vehicles per day).



1996
Year

Figure 3: AADT at Station 47 (UMTIG, 1999)

Bridge

Figure 4: Location of Charleswood Bridge and Permanent Count Station 47

In November 1999, Statistics Canada made available the 1996 Journey-to-Work database
for the Manitoba Capital Region. Furthermore, new traffic databases from the Manitoba

Highways Traffic Information System (MHTIS) and the City of Winnipeg have also been



| made available. In addition, Geographic Information Systems for Transportation (GIS-T)
technology has evolved to a level where it is readily accessible and offers an efficient
means for transportation modeling. The need for a regional approach to transportation
planning, the availability of the Statistics Canada database and new traffic databases, and
the evolution of GIS-T technology make the development of a transportation planning

model for the Manitoba Capital Region feasible.

At the heart of transportation systems analysis and planning is the understanding and
prediction of traffic flows under different transportation and land-use scenarios
(Manheim, 1984). These flows are key inputs into basic engineering design and
evaluation processes. Flows can be quantiﬁgd through a variety of measurements. For
this research, a P.M. peak hour model was developed. The rationale for this decision is:
(i) the P.M. peak is critical for éystem analysis since area wide traffic volumes and
congestion are typically higher (NCHRP, 1998); (2) the P.M. peak accounts for a greater
number of trips thanrthe A M. peak in the region (Hurl, 2000 and UMTIG, 1998); and (3)

the lack of a P.M. peak model to supplement the current existing A.M. peak model.



1.3 Research Objectives and Scope

1.3.1 Objectives

The objectives of the thesis are:

(1) to review, compare and contrast the current transportation modeling practices in
Winnipeg and selected Canadian cities.

(2) to develop the framework and structure for the Manitoba Capital Region
Transportation Planning Model (MCRTPM).

(3) to construct and develop a Manitoba Capital Region Transportation Aﬁalysis Network
(MCRTAN) on a Geographic Information System for Transportation (GIS-T)
platform that is compatible and suitable for the development of the MCRTPM. |

(4) to develop, analyze and integrate P.M. peak traffic data with the MCRTAN.

) to de\}elop an automobile driver work trip (ADWT) matrix from the Statistics Canada
1996 Journey-to-Work database into a form suitable for the MCRTPM development.

(6) to develop components of the MCRTPM:

(a) trip generation equations for ADWT using the ADWT matrix developed in
Objective 5.

(b) a P.M. peak automobile driver work trip (PMPADWT) matrix using the
ADWT matrix developed in Objective 5 and the National Cooperative
Highway Research Program (NCHRP) diurnal factor.

(c) an estimated P.M. peak vehicle total trip (PMPVTT) matrix using the
PMADWT matrix developed in (b), traffic data from the City of Winnipeg
and MHGS, and TransCAD’s matrix adjustment algorithm (which uses
Nielsen’s (1993) method).

(d) a P.M. peak vehicle other trip (PMPVOT) matrix using the PMPADWT
developed in (b) and the PMPVTT matrix developed in (c).



(e) trip distribution equations for PMPADWT using Statistics Canada 1996
J 6urney-to—Work data, travel time estimates from MCRTAN, and
TransCAD’s trip distribution component calibration function.

(f) trip distribution equations for PMPVOT using the PMPVOT matrix developed
in (d), travel time estimates from MCRTAN, and TransCAD’s trip
distribution component calibration function.

(g) the trip assignment component using Bureau of Public Roads (1964) default
link performance function parameters.

(7) to recommend further developments for the MCRTPM.

1.3.2  Scope

This thesis is limited to the following:

e The region of analysis is the Manitoba Capital Region with the rest of Manitoba
considered as large external zones. This zone system is called the Winnipeg Regional
Traffic Zone System (see Figure 5).

e The model predicts P.M. peak automobile driver work trips and P.M. peak vehicle

- other trips.

e Due to the nature of the available data, the level of analysis of the model is zonal
(aggregate analysis).

e Objectives 2, 3, 4, 5, and 6(a), 6(b) and 6(c) were the primary concern. Objectives

6(d), 6(¢) and 6(f) are were of secondary concern.
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Figure 5: Winnipeg Regional Traffic Zone System
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1.4 Thesis Organization

Chapter 1 provides the background and the need for the research.

Chapter 2 examines the generic transportation planning model structure and reviews

current transportation planning models in selected Canadian cities
Chapter 3 provides the structure of the Manitoba Capital Region model.

Chapter 4 develops the Manitoba Capital Region Transportation Analysis network

(MCRTAN).

Chapter 5 details the development of components of the MCRTPM using the MCRTAN,
Statistics Canada 1996 Journey-to-Work database, newly developed traffic databases
from the Manitoba Highways Traffic Information System (MHTIS) and the City of

Winnipeg.

Chapter 6 provides the conclusions of the research, and proposes work for the further

development of the MCRTPM.
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Appendix A provides a list of the cartographic, spatial layer and database computer files

used in the development of this thesis.

Appendix B shows a sample of the MCRTAN in tabular form.

Appendix C shows the MCRTAN Turn Restriction File in tabular form.

Appendix D shows a sample of Winnipeg Regional Traffic Zone System in tabular form.

Appendix E shows the links in the MCRTAN which contain traffic counts used as input

for the matrix adjustment algorithm.

Appendix F shows the different trip production equations for ADWT examined in this

research.

Appendix G shows the different trip attraction equations for ADWT examined in this

research.

Appendix H shows the different trip production and attraction equations for PMPVOT

examined in this research

Appendix I is a report on the Census Place of Work seminar held by the Region of Peel

and Statistics Canada on October 20, 2000.
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2.0 TRANSPORTATION PLANNING MODELS

This chapter provides an overview of the general transportation planning model structure.
Using the structure, transportation planning models from the City of Winnipeg and

selected Canadian cities are reviewed, compared and contrasted.

2.1 Transportation Planning Model Structure

A transportation planning model can be classified in terms of its: (1) subsystem
components and organization; (2) level of analysis of each subsystem; and (3)

technique(s) used in each subsystem.

2.1.1 Subsystem Components and Organization

The four-step sequential modeling method is the most common method for constructing
transportation planning models. This method divides the model into four components:
(1) trip generation; (2) trip distributioh; (3) mode split; and (4) trip assignment.
Transportation models can differ between each other in terms of the components present
as well the organization of the components within the overall model. Examples of

variations in the organization are shown in Figure 6.
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Generation Generation Generation

Mode split Distribution Distribution
and Mode

, split

Distribution Mode split

Assignment Assignment Assignment

Evaluation Evaluation Evaluation

Figure 6: Variations in the Organization of Transportation Models (Mekky, 2000)

The trip generation component predicts the number of trips produced by each zone i (o;)

and the number of trips attracted to each zone j (d;).

The trip distribution component predicts the number of trips that originate from zone i
destined for zone j (t). This is can be expressed in a matrix form with the origins as
rows and the destinations as columns.

The mode split component divides the t; matrix into several matrices by mode of travel.

The trip assignment component assigns the t;; matrices to travel routes in order to produce

the volume (traffic) on each link in the analysis network.
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2.1.2  Level of Analysis of Each Subsystem

The level of analysis of each subsystem defines the input data requirements and the
accuracy of the results which can be obtained from the model. There are typically three

analysis units: (1) zonal; (2) household; and (3) individual.

The zonal analysis unit assumes that all individuals in a zone have identical
characteristics. The zone is assumed to have homogeneous land-use within its
boundaries. Furthermore, it is assumed that trips begin and end at the centroid of each

zone.

The household analysis unit assumes that households with identical characteristics such
as income, vehicle ownership or household size have the same travel behaviour.
Essentially, this type of aggregation means grouping system elements which are different

and assuming that they are identical (Mekky, 2000).
The individual analysis unit uses characteristics of each individual, such as age, sex,
income, occupation and vehicle availability, in order to model the travel behaviour of the

individual.

Analysis units of households and individuals are often aggregated to the zonal level at

one point or another.
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2.1.3 Methods Used by Each Subsystem

Mekky (2000) classifies the methods used in each subsystem into three types: (1)
mathematical or algorithimic; (2) probabilistic or deterministic; and (3) discrete or

continuous variables.

Mathematical methods exist in the form of mathematical equations. Algorithmic
methods contain logical instructions. Probabilistic methods describe the probability of an
individual using a facility. Deterministic methods predict the number of people using a
transportation facility. Discrete variables answer the question in terms of “which one?”
(e.g. which mode, wﬁich destination, which route). Continuous variables answer the

question of “how much?” (e.g. how many trips destined to a-zone) (Mekky, 2000).

2.2 Winnipeg Transportation Model (Winnipeg (1992a), Winnipeg (1992b) and

Winnipeg (1996))

The Winnipeg Transportation Model is basgd on the model developed by the University
of Montreal as part of the EMME/2 package. Since the development of the model, the
City of Winnipeg has conducted travel surveys every five years and used the data to
recalibrate and enhance the model. The latest calibration data are based on 1992 City of
Winnipeg Travel survey. In 1996, the travel survey was not performed because of budget
constraints. Instead, the City of Winnipeg obtained the 1996 Journey-to-Work database

from Statistics Canada.
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The Winnipeg Transportation Model is maintained on the EMME/2 software. The model
predicts the A.M. peak hour traffic divided into two trip purposes: (1) work (which
includes post-secondary school); and (2) non-work. The structure of the model is shown

in Figure 7. The model is based on the City of Winnipeg Zone System (see Figure 8).

Generation
Y
Distribution
Y
Mode split
Road Transit
Assignment ¢ P Assignment

Figure 7: Structure of Winnipeg Model
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Winnipeg Zone Type
town

Figure 8: City of Winnipeg Zone Types

There are two types of trip generation equations: (1) trip production; and (2) trip
attraction. The trip generation equations were developed using the multiple regression

method.

The dependent variable for the trip production equations is the number of person trips
produced. The trip production equations are a function of: (1) type of zone (downtown,
inner, outer, suburban/rural) (see Figure 8); (2) trip purpose (work, non-work, and total
trips); and (3) number of sihgle family residential units and multiple family resiidential

units.
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The dependent variable for the trip attraction equations is the number of person trips
attracted by each zone. The trip attraction equations are a function of: (1) area of the city
(downtown, inner, outer, suburban/rural); (2) trip purpose (work, non-work, and total
trips); and (3) number of office employment, retail employment, industrial -employment

and other employment.

The trip distribution component uses the doubly-constrained gravity model with and

exponential friction factor equation. Mathematically, this is written as:

tij = 0; dj Fij
where

i is the number of person trips produced in zone i and attracted to zone j
- 0 is the number of person trips produced in zone i

d; is the number of person trips attracted to zone j

F; is the friction factor matrix expressed as:

Fij = EXP (-yk c;j + CONSTY), for all K
where

cij is the travel impedance from zone i to zone j (the travel time in minutes)

K is the index of the time intervals

y is the exponent associated with interval K

CONSTx is a constant added to the exponent on interval K in order to obtain a

smooth curve.

19



The mode split component is formulated as a zonal aggregate logit type model.

Mathematically, this is expressed as:

AP =TP/[1+EXP (CONST - x;* TT + x2* AT — x3* A/DU)]
where

AP is the number of persons traveling by automobile
TP is the total number of persons

TT is the transit time matrix

AT is the auto time matrix

A/DU is the autos per dwelling unit

CONST, xy, X2, X3 are calibrated parameters

The mode split component was improved separately in March 1996 using data from the
1992 O-D survey. The mode split component predicts the proportion of transit trips to
automobile trips. The resulting mode split equation is a function of: (1) the difference
between total transit travel time and fotal auto travel time; (2) the average walk time to
transit from the transit stop at the origin end; (3) the average number of automobiles per
dwelling unit at the origin zone; (4) the average parking cost at the destination zone; and

(5) the total waiting time for transfers between bus routes.
The number of automobile drivers is obtained by dividing the AP matrix with the number

of persons per vehicle matrix (obtained from 1992 O-D survey). The number of transit

passengers is obtained by subtracting the AP matrix from the TP matrix.
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The traffic assignment component uses the user equilibrium method (also known as the
capacity constraint method). Volume-delay curves for this component were developed

by the University of Montreal and included as part of the EMME/2 package.

ND-Lea Consultants (2000) produced a Winnipeg downtown model in order to evaluate
the different roadway alternatives connecting the Provencher Bridge and Main Street.
The network for the downtown model is shown in Figure 9. The Downtown Model is
constructed using the TransCAD software based on traffic data from the City of

Winnipeg. The report for this model is unpublished.

Figure 9: ND-Lea Winnipeg Downtown Model
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2.3 Transportation Models from Selected Canadian Cities

Transportation models from five selected Canadian cities were reviewed,

contrasted to the City of Winnipeg model (see Table 1).

Table 1: Transportation Models from Selected Canadian Cities

compared and

Jurisdiction Software | Organi- Analysis Trip Purposes Time | Calibration Data
zation Level of Modeled Period
Model
City of EMME/2 | Four- Zone Work and Non- AM. 1992 O-D
Winnipeg Step work peak Survey
Regional QRS II Four- Zone Home based work, | A.M. 1991 O-D
Municipality Step Home based non- and Survey and
of Halifax work and Non- P.M. 1991 Traffic
home based peaks Counts
Greater EMME/2 | Four- Zone From work/post- AM. 1994 Trip Diary
Vancouver Step secondary, From and Survey
Area home and From P.M.
other peaks
Greater EMME/2 | Four- Zone Work, Non-work AM. 1996
Toronto Area Step and School peak Transportation
Simplified ' Tomorrow
Model Survey (TTS)
City of EMME/2 | Nested | Single For students: - AM. 1994 Household
Edmonton Logit person. Home to school, and Travel Survey
Results Home to other PM.
aggregated | purpose, Schoolto | peaks
to zones. home, Other and off-
Purpose to Home, | peak
Non-home based period
For Adult workers:
Home to Work,
Work to Home
For Adults and
Seniors:
Home to Other
Purpose, Other
Purpose to home,
Non-home based
Region of EMME/2 | Four- Zone Work, Schooland | AM. 1986
Peel Step Other peak Transportation
Tomorrow
Survey (TTS)

(Winnipeg, 1992a), (Winnipeg, 1992b), (Winnipeg , 1996),
District, 1997), ( Dalton, 1999), (Dalton, 2000),

(Vaughan, 1998), (Greater Vancouver Regional
(Hunt et al., 1998), (Region of Peel, 1996)
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All but one are based on the EMME/2 software. All but one of the models reviewed are
based on the four-step sequential modeling method. All but one of the models use a Zone
system as the level of analysis. All the models reviewed predict traffic in the A.M. peak

period. Some of the models predict traffic in the P.M. peak.

All the models reviewed were calibrated using travel survey data developed by the
respective jurisdictions. Due to the differences in model structure and calibration data, it
is impossible to use any model parameters from other cities to construct the Manitoba

Capital Region Transportation Model.
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3.0 MODEL FRAMEWORK

This chapter develops the framework for the Manitoba Capital Region Transportation

Planning Model.

3.1 The 1996 Journey-To-Work Database

Since the development of the Winnipeg Transportation Model, the City of Winnipeg has

conducted travel surveys once every five years and used the data to recalibrate the model.

In 1996, the travel survey was not performed because of budget constraints. Instead, the

1996 Journey-to-Work database was obtained from Statistics Canada. This database was

provided by Statistics Canada to different agencies in Manitoba in different forms:

e The Capital Region Review received specially processéd data aggregafed fo
individual municipalities and towns in and around the Manitoba Capital Region with
Winnipeg represeﬁted as a single zone.

* Manitoba Department of Highways and Government Services (MHGS) received a
CD containing aggregated data in the Beyond 20/20 viewer software format, The
Beyond 20/20 software is provided with the CD received from Statistics Canada Due
to the form of the received data, no O-D matrix (which is crucial for the development
of any transportation model) can be generated from the data.

* The City of Winnipeg Public Works Department and Winnipeg Transit received the
data in both the CD form (the same CD as the one received by MHGS) and an Excel
file containing socio-economic and J ourney-to-Work data aggregated to the Winnipeg

Regional Traffic Zone System (see Figure 5).
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The Capital Region Review version of the 1996 Statistics Canada Journey-to-Work
database is unsuitable for constructing a model because of the fact that Winnipeg is
represented as a single zone. If these data were used for model construction, the zone
representing the City of Winnipeg would need to be linked by centroid connectors to the
provincial highways outside of the city. This means that the model cannot predict traffic
on major City streets. The MHGS version of the 1996 Statistics Canada Journey-to-
Work database is -aggregated to very large zones. This results in small number of
observations (i.e. datapoints) which can be used for model construction.x Thérefore, for
this research, only the 1996 Statistics Canada Journey-to-Work data received by the City
of Winnipeg Public Works Department/Winnipeg Transit was used. This database is

summarized_ in Table 2.
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Table 2: 1996 Statistics Canada Journey-to-Work Database

Population by Sex and by Age Groups

Occupied Private Dwellings by Structural Type

Occupied Private Dwellings by Household Type

Total Population 15-24: Total, Attending School Full Time, Attending School Part Time, Not
Attending School

Employed Labour Force 15+: Total by Sex and by Full Time/Part Time

Unemployed Labour Force 15+: Total by Sex

'Total Number of Private Households

Household Income

\Average Household Income

Household Type by Income

Place of Residence by Place of Work Status by Mode

Place of Residence by Place of Work Status by Full Time/Part Time by Mode

Place of Residence by Place of Work Status by Sex by Age by Income by Mode
Place of Work by Place of Work Status by Mode
Place of Work by Place of Work Status by Sex by Age by Income by Mode

Place of Work by Place of Work Status by Sex by Age by Industry by Mode

Place of Residence by Place of Work by Place of Work Status by Mode

3.2 Platform

In this research, Geographic Information Systems (GIS) is defined as a computer and
software system with the capability of integrating spatial data, which represents the real
world through “entities”, with conventional databases storing attribute properties.
Geographic Information Systems for Transportation (GIS-T) refers to the application of

GIS for analysis of transportation related-issues (Lew et. al, 1999).

The MCRTPM is developed on the TransCAD software package. This software

incorporates GIS-T data structure and functions with transportation modeling tools.
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Built-in algorithms in the software allow transportation models to be built based on the
four-step sequential modeling technique. The TransCAD sofiware used in tlﬁs research
is version 3.61. TransCAD (a GIS-T platform) was used for MCRTPM development
instead of EMME/2 because a GIS-T platform facilitates integration of the planning
model with other spatial and attribute databases such as: (1) the OnTrac Traffic Collision
Database for the City of Winnipeg; (2) the City of Winnipeg’s Traffic Database; (3)
MHGS Traffic Database; (4) Manitoba Natural Resources Digital Orthophotos; (5) City
of Winnipeg Digital Orthophotos; (6) Global Positioning System (GPS) survey points;
and (7) engineering drawings. The capability to integrate different databases allows: (1)
inter-layer analysis of data (i.e. to predict accident rates using collision data from the
OnTrac system and predicted traffic flow from the MCRTPM) and (2) a convenient and
cost-effective method to update the network (i.e. by using digital orthophotos, GPS
survey points, and engineering drawings). In addition, the GIS-T platform offers: (1) a
convenient method to import and export spatial and attribute into different formats (i.e.

dBase, Access); (2) better cartographic capabilities; and (3) a better interface.

3.3 Model Structure

The model is based on the four-step sequential modeling method minus the mode split
component. Previous efforts developed the mode split component based on zonal
(aggregate) data recommended the use of disaggregate data to improve the results
(Winnipeg, 1996). Since oﬁly aggregate data are available at this time, a decision was

made not to develop a mode split component for the MCRTPM. The mode split is
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captured by using automobile driver trips and other vehicle trips (instead of person trips).

Figure 10 shows the structure of the model.

The model assumes that all trips begin within Manitoba and end in Manitoba. Trips that

begin or end outside of Manitoba are not considered.

The model predicts the number of P.M. peak vehicle trips. The trips are divided into two
trip types: (1) work trips from place of work (POW) to place of residence (POR) (also
referred to as home based work trips), (PMPADWT); and (2) other trips (PI\/IPVOT). For
this research, the P.M. peak period is defined as the time between 3:30 P.M. and 5:30

P.M. with the highest traffic per hour.
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4.0 THE MANITOBA CAPITAL REGION TRANSPORTATION ANALYSIS

NETWORK

This chapter discusses the development of the Manitoba Capital Region Transportation

Analysis Network (MCRTAN).

4.1 Background

Prior to this research, there was no spatial layer of the road network in the Manitoba
Capital Region. Both MHGS and the City of Winnipeg maintained their own digital road
network and it was impossible to perform any transportation planning analysis at a
regional level. In December 1999, students from UMTIG worked together with the City
of Winnipeg Public Works Department to create the MCRTAN. Detailed documentation

of the development of the network can be found in Han (2000).

4.2 Network Construction Details

The network was constructed using spatial data from different sources:

(1) The City of Winnipeg Public Works Street Center Line map

(2) The Manitoba Provincial Road Network from MHGS

(3) The Manitoba Provincial Road Network Fabric from Manitoba Natural Resources
(4) Orthographic photos from City of Winnipeg Public Works

(5) Engineering drawings from various sources

(6) Global Positioning System (GPS) sﬁrveys
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The network was then modified using the Maptitude 3.2 in consultation with the City of

Winnipeg Public Works Department.

4.3 Network Detail and Centroid Connectors

The network detail (network density) of the MCRTAN was determined based on the
desired level of prediction. The model is intended to predict traffic on: (1) Provincial
Trunk Highways (PTHs) outside the City of Winnipeg; and (2) arterial streets in the City
of Winnipeg. The current City of Winnipeg EMME/2 model only contains the major
arterial streets. This results in over-prediction of traffic on those arterial streets due to the
lack of collector streets (Hurl, 2000). This is addressed in the MCRTAN by including
major collectprs and routes within the Capital Region. Roads included in the network
are: (1) roads defiried by the City of Winnipeg as part of the Regional Road systerﬁ? (2)
roads within the City of Wipnipeg dgﬁned by the Public Works Department as arterials;
(3) roads defined by the MHGS as Provincial Trunk Highways (PTHs) and Provincial
Roads (PRs); (4) major collector streets within the City of Winnipeg; and (5) roads which
were determined to be major routes due to local knowledge (e.g. Wellington Crescent,

Gunn Road).
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Centroid connectors were added to the network as abstract representations of local
streets. The centroid connectors connect the centroids of the zones to the analysis
network. The connectors were built based on knowledge of the roads and land-use in the
area. The guidelines used for establishing centroid connectors are:

e add multiple centroid connectors to a zone so that an acceptable level of
representation of the local street network is achieved. This results in better
distribution of trips assigned to the links leading to the zone.

e do not connect centroids to major intersections (a major intersection is defined as
an intersection between two arterial streets). This is done to avoid unrealistic
traffic assignment to links connected to the major intersection.

e connect centroids to éxisting endpoints. This is done so that none of the network
links are broken into new links due to the construction of the centroid connectors.
This ensures that attribute data from the MCRTAN and results from the
MCRTPM can be linked to the data from the City of Winnipeg Street Centre Line

map which is maintained on the MapInfo software platform.
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Figure 11: Centroid Connectors for Zone 6611

Figure 11 shows the centroid connectors for zone 6611. Note that: (1) multiple centroid
connectors were established to better represent the local streets in the zone; (2) centroid
connectors were connected to the intersection of Portage Avenue (an arterial) with
Whytewold Road (a collector) and the intersection of Portage Avenue with Mount Royal

Road (a collector). Centroid connectors were not connected to any major intersections;

and (3) centroid connectors were only connected to existing endpoints.

4.4 Standardized Network Topology
The topology of the network was corrected using a method developed by Han (2000) to

the standard system used by MHGS. Generally, the standardized topology is

33



eastbound/northbound.  The notation used to represent the standardized topology
direction is “AB” and the reverse direction is “BA”.  This means that generally the
eastbound direction is denoted as “AB” and the westbound direction is denoted as “BA”.
Similarly, the northbound direction is denoted as “AB” and the southbound direction is
denoted as “BA”. The standardized topology facilitates the information interchange
between different databases containing directional attributes. For example, the P.M. peék
traffic count database is structured in a manner so that the flow direction is described by
compass direction (see Table 3). By restructuring that database so that the information
follows the standardized topology in which flow is described as “AB ﬂon” or “BA flow”
(see Table 4), the P.M. peak traffic count database can be linked to the MCRTAN (see
Figure 12). This linkage was impossible before the network was modified to the
standardized topology. This linkage allows directional attributes to be displayed on a

map and analyzed spatially (see Figure 12).

Table 3: P.M. Peak Traffic Count Database without Topology Linkage

Link ID Flow Northbound | Flow Southbound | Flow Eastbound Flow Westbound
8808 2473 2618 Not applicable Not applicable
8809 2541 2511 Not applicable Not applicable
8310 Not applicable Not applicable 304 145
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Table 4. P.M. Peak Traffic Count Database with Topology Linkage

Link ID Flow AB Flow BA
8808 2473 2618
8809 2541 2511
8310 304 145

Link 8809

Link 8310
Link 8808

Figure 12: Traffic Data Linked using Topology

4.5 Network Attribution

The construction of the regional model requires that the network be attributed with
relevant information. The information attributed into the TransCad geographic file is

shown in Table 5, Table 6 and Table 7.
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Table 5: Manitoba Capital Region Transportation Network Attributes

Field name Field type Source Information
ID Integer (4 bytes) | TransCad TransCAD internal ID for the link.
generated Needed for turn restriction data and
modeling

Length Real (8 bytes) TransCad TransCAD calculated length of the

generated link. In metres.

Dir Integer (2 bytes) | City of Winnipeg | “0” denotes that there is no
directional restriction. “1” means that
the link is restricted to travel in the
“AB” direction (forward in the
standardized topology). “-1” means
that the link is restricted to travel in
the “BA” direction (reverse direction
in the standardized topology).

Name Character (55 City of Winnipeg | Street name of the link,

width)

Lanes_AB Real (8 bytes) City of Winnipeg | Number of physical lanes in the AB
direction

OpLanes_AB Real (8 bytes) City of Winnipeg | Number of operational lanes during
the P.M. peak in the AB direction

Lanes_BA Real (8 bytes) City of Winnipeg | Number of physical lanes in the BA
direction

OpLanes_BA Real (8 bytes) City of Winﬁipeg Number of operational lanes during

the P.M. peak in the BA direction
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Table 6: Manitoba Capital Region Transportation Network Attributes

Field name Field type Source Information
Capacity_AB Real (8 bﬁes) UMTIG Operational capacity of link in the AB
direction based on number of links
and adjustment factors. ‘In vehicles
per hour. Calculated using an
assumed capacity of 900 vpb/lane.
Capacity BA Real (8 bytes) UMTIG Operational capacity of link in the BA
direction based on number of links
and adjustment factors. In vehicles
per hour. Calculated using an
assumed capacity of 900 vph/lane.
Class Character (6 City of Winnipeg | City’s original classification
width)
Func_Class Character (6 City of Winnipeg | City’s original classification modified
width) with information from Sherlock’s
map of Winnipeg (1999) and local
knowledge
Network Class Character (6 City of Winnipeg As Func_class but only links an
width) additional “N” notation are
considered for the model’s analysis.
Assumed_Speed Integer (2 bytes) Assumed speed based on

City of Winnipeg

Network class. In km/h.  The
assumed speed of each link is based

on the network class as follows:

PTH 100 km/h
PR 90 kmvh
Arterial 60 km/h
Collector 50 ki/h
Centroid Connector

(CBD) 25 km/h
(Suburban) 40 km/h
(Rural) 80 km/h
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Table 7: Manitoba Capital Region Transportation Network Attributes

Field name Field type Source Information
Speed_Limit . Integer (4 bytes) | City of Winnipeg | Posted speed limit of the link. In
km/h.
PM_Peak_AB_CountVol | Integer (4 bytes) | City of Winnipeg | Observed link volume in the AB
direction per hour during peak period
(highest 4 consecutive 15 minute
intervals between 4:00 and 6:00)
PM_Peak BA_CountVol | Integer (4 bytes) | City of Winnipeg | Observed link volume in the BA
direction per hour during peak period
(highest 4 consecutive 15 minute
intervals between 4:00 and 6:00)
InitTime_AB Real (8 bytes) TransCAD Tnitial travel time across link tlie AB
generated direction. In minutes.
InitTime BA Real (8 bytes) TransCAD Initial travel time across link the BA
generated direction. In minutes.
ID 2 Real (8 bytes) City of Winnipeg | ID of the link. This is used to transfer

information from the City’s
MapInfo/OnTrac map to the
MCRTAN network and vice-versa.
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The initial travel time in the AB direction and the BA direction (InitTime AB and

InitTime BA) is calculated using:

If the speed limit were available
(1) Time (in minutes) = Length (m) * 0.001 * 60 / Speed Limit (km/h)

If the speed limit were not available
(2) Time (in minutes) = Length (m) * 0.001 * 60 / Assumed Speed (km/h)

For centroid connectors INCHRP, 1998)
(3) Time (in minutes) = 0.5*(Area of Zone)**/ Intrazonal Speed

For zone 9510 centroid connectors
(4) Time (in minutes) = 19 km * 60 / 80 km/h

The intra-zonal speed used for calculation of travel time on the centroid connectors is
based on:

(1) 25 km/h (for zones in the CBD of Winnipeg)
(2) 40 km/h (for zones in the Capital Region but not in the Winnipeg CBD)
- (3) 80 km/h (for zones outside the Capital Region)

It was decided to calculate the travel time on centroid connectors independent of the
length of the centroid connector. This was done to avoid trips favouring the shorter
connector over the longer connector in the same zone. This ensures that all centroid
connectors within a zone are equal. Figure 13 shows zone 3714 which has 3 centroid
connectors of differing lengths (0.41 km, 0.43 km and 0.70 km). If the travel time on

centroid connectors were dependent on the length of the centroid connector, then trips
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will favour the shorter centroid connector. This may lead to unrealistic assignment of
trips (i.e. more trips will be assigned to the links connected to the shortest centroid
connector). Giving all the centroid connectors within a zone the same travel time solves

this problem.

e

Zone 3714
Centroid

i

Figure 13: Centroid Connector Equality.

The travel time for the centroid connectors of zone 9510 is calculated differently from the
other centroid connectors because the town of Steinbach is located in that zone. The
town of Steinbach has signiﬁcant commuting traffic to Winnipeg (380 trips per déy) and
from Winnipeg (235 trips per day) (Statistics Canada, 1996). The town of Steinbach is

located closer to the network than the actual centroid of the zone (See Figure 14). Thus,
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the travel time of centroid connectors in that zone is calculated using the distance of

Steinbach to the MCRTAN (19 km). The MCRTAN is summarized in Table 8.

/ Zone 9510 Centroid

[ 7 " 21
———m———
Kiometers

Figure 14: Steinbach and Zone 9510

Table 8: Summary of MCRTAN

Total length (km) PTH 833.60
PR 991.14-
City Arterial 442.45
City Collector 388.75
City Other 262.90
Centroid Connector | 2320.02

Total links 7803

Total nodes 6303

The MCRTAN is shown in Figure 15, Figure 16, Figure 17 and Figure 18. A sample of

the MCRTAN in tabular form is shown in Appendix B.
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Figure 16: Details of an Interchange Rmp (PTH 101 and PTH 7)
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4.6 Turn Restrictions

In addition to the network attributes, turn restrictions on the interchange ramps and the

City’s turning restrictions during the P.M. peak period were entered into the network.

The turn restrictions stored in a dBase (dbf) file format documents the restrictions using

three fields (see Table 9). The tum restrictions file is shown in Appendix C in tabular

form.

Table 9: Turn Restriction File

Field name Field type Source Information
From_Street Integer City of Winnipeg | TransCad internal ID for the link
where the restriction begins.
To_Street Integer City of Winnipeg | TransCad internal ID for the link
| where the restriction ends.
Penalty Integer City of Winnipeg | Column is left empty to prohibit

turns.
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4.7 Zone system

The zone system is represented in TransCAD as an area file with 289 zones (see Figure
5). This file contains attributes shown in Table 10. A sample of the zone system in

tabular form is shown in Appendix D.

Table 10: Zone System File

Field name Field type Source Information

ID Integer (4 bytes) TransCAD TransCAD internal ID for zone.

generated

Area Real (8 bytes) TransCAD TransCAD calculated area for the

generated zone

Centroid Integer (4 bytes) City of Winnipeg | City of Winnipeg’s Zone Centroid ID.

Zone Integer (4 bytes) City of Winnipeg | City of Winnipeg’s Zone ID.

Cen_End_ID Integer (4 bytes) UMTIG ID’s of endpoints from the network
file corresponding to the centroids of
the zone.

Name Character (32 width) UMTIG Name of zone.

Type Character (16 width) UMTIG Type of zone (Large, RM, Town or
WPGZONE) corresponds to large
zone, rural municipality zone, town
zone or zones within the city of
Winnipeg

Intra_Speed Integer (4 bytes) City of Winnipeg | Assumed intrazonal speed in km/h.

Intra_Time Real City of Winnipeg | Intrazonal travel time in minutes
calculated using NCHRP (1998).

ID 2 Character (16 width) City of Winnipeg | City of Winnipeg’s Zone Centroid
secondary ID.

45




5.0 COMPONENTS OF THE |

This chapter discusses the components of the MCRTP:

The components developed were:

(a) trip generation equations for ADWT using t"

(b) a P.M. peak automobile driver work tri
ADWT matrix and the National Cooper-
(NCHRP) diurnal factor.

(c) an estimated P.M. peak vehicle total .
PMADWT matrix developed in (b), traf”
and MHGS, and TransCAD’s matrix adj;
Nielsen’s (1993) method).

(d) a P.M. peak vehicle other trip (PMPVU .
developed in (b) and the PMPVTT matri~ -~

(e) trip distribution equations for PMPADW

Journey-to-Work data, travel time

TransCAD’s trip distribution component cal:

(h) trip distribution equations for PMPVOT u:
in (d), travel time estimates from M
distribution component calibration functior:.

(f) the trip assignment component using Bu

link performance function parameters.

5.1 P.M Peak Automobile Driver Work Trip (¢

The 1996 Journey-To-Work database provides ihe ..
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aggregated to the Winnipeg Regional Traffic Zone System (see Figure 5). By assuming
that those people will travel from their place of residence to their place of work as
automobile drivers, the 1996 Journey-to-Work database provides the total 24-hour work
trips by automobile drivers. The 1996 Journey-to-Work database does not include
students. The 1996 Journey-to-Work database was made available in Microsoft Excel 97
format. The data had non-matching zone numbers for the origin zones with the
destination zones. This problem was corrected by proceésing the initial data in Excel and
then exporting the data to the Corel Paradox software. Paradox was used to generate the
missing zone numbers. The process resulted in a Dbase 4 file containing the number of
automobile driver trips by origin zones and destination zones. This data were then
exported to back to Microsoft Excel. The data were also exported to TransCAD and
processed to form the Automobiie briver Work Trip (ADWT) matrix (with 285 origins
and 285 destinations). The PMPADWT matrix was obtained by applying the P.M. peak
Home Based Work Trip diurnal factor to the ADWT matrix. The P.M. peak Home Based
Work Trip diurnal factor used was 22.34% which is the percentage of home based work
trips occuﬁng during the P.M. peak with respect to the total work trips as specified by

NCHRP (1998).

5.2 P.M. Peak Vehicle Other Trip (PMPVOT) Matrix

The matrix adjustment algorithm was used to derive the PMPVTT matrix. The
PMAPDTT matrix was then used to produce the PMPVOT matrix. The matrix
adjustment algorithm requires: (1) a base year travel matrix; and (2) traffic counts on

links. The algorithm adjusts the base year travel matrix in order to produce traffic
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volumes to replicate the observed traffic counts on the links. This algorithm is

documented in Nielsen (1993).

The base year travel matrix used in this research was PMADWT matrix. The traffic
counts used were: (1) P.M. peak counts on City of Winnipeg streets; (2) special
interchange ramp counts conducted by the City for this research; and (3) P.M. peak
counts for the Provincial Highways derived from Permanent Counting Stations (PCS).

The traffic counts were attributed into the analysis network (see Table 7).

5.2.1 P.M. Peak Counts on City of Winnipeg Streets

The P.M. peak counts for the City of Winnipeg streets is derived from the City’s traffic
count program. The counts used were short-term counts (48 hours) from automatic

vehicle counters carried out during summer months in 1998 and 1999.

5.2.2 City of Winnipeg Special Interchange Ramp Counts

In order to improve the results from the matrix adjustment algorithm, special counts were
conducted on interchange ramps in the Capital Region. These counts were short term

counts (48 hours) performed in September 2000 using automatic vehicle counters.
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5.2.3 P.M. Peak Counts for the Provincial Highways

The Manitoba Highways Traffic Information System (MHTIS) develops annual average
daily traffic (AADT) estimates for Manitoba provincial highways using methods
described in the “Traffic on Manitoba Highways” (1999). The AADT estimates are
based on data from Permanent Counting Stations (PCS) and short-term counts. PCS
locations in the Capital Region are shown in Figure 19. PCS data are hourly traffic totals
which can provide details on the P.M. peak traffic volumes on provincial highways in the

Capital Region.

1

’ Legend
@ PCSin Capital Region
L] L] 12 13
—— —
Kilometers

Figure 19: PCS Locations in the Manitoba Capital Region (UMTIG, 2000)
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In the situation in which a link has data from both the City of Winnipeg and the province,
the data from the province were used. This was because the counts from the PCS station

were derived from year-round monitoring compared to the short-term count from the city.
Figure 20 shows the MCRTAN links with P.M. peak counts entered (either from City of

Winnipeg Traffic data or the Provincial Highway data). Appendix D shows these links in

tabular form.
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Figure 20: Links with P.M. Peak Counts
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5.2.4 Results of Matrix Adjustment Algorithm

The matrix adjustment algorithm was applied using 10 iterations, 40 iterations, 100
iterations, and 200 iterations. The algorithm used the user equilibrium traffic assignment
(using the same parameters as discussed in Section 5.5) method to assign tﬁe estimated
traffic on the links in the network. The matrix adjustment algorithm produced: (1)
estimated flow (PMPVTT) assigned to links in the network; and (2) an estimated

PMPVTT matrix.

The estimated flow was compared to the observed flows on the links. The comparisons

are shown in Figure 21, Figure 22, Figure 23 and Figure 24.
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Figure 21: Results of Matrix Adjustment Algorithm (10 Iterations)



AB Direction, 40 lterations
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Figure 22: Results of Matrix Adjustment Algorithm (40 Iterations)
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AB Direction, 100 Iterations
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Figure 23: Results of Matrix Adjustment Algorithm (100 Iterations)
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AB Direction, 200 Iterations
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Figure 24: Results of Matrix Adjustment Algorithm (200 Iterations)



The estimated flow was also compared to the observed flow at 25 important links in the
network. The links selected were: (1) key bridges; (2) locations with PCS dafa; (3) along
routes known to have significant traffic during the P.M. peak. These links are shown in
Figure 25. The comparison is shown in Table 11 and Table 12. Note that there are no
entries for flows in the AB direction (in Table 11) for links which are one—Way streets in
the BA direction. Similarly, there are no entries for flows in the BA direction (in Table

12) for links which are one-way streets in the AB direction.

Y,
D\

Legend
Ky Links
[] 2 4 L3
S —
Kilometecs

Figure 25: Key Links
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Table 11: Estimated PMPVTT Flow and Observed PMPVTT Flow in the AB Direction at

Key Links
Dir |ID Name Count 10 iter. |40 iter. |100 iter.
-1 1508|Bishop Grandin Bv WB
-1 13632} St Mary Av
-1 8506 |Maryland Bridge SB
0 11237{PTH 101 218 464 389 307
0 11211|PTH 100 304 435 413 390
0 11191|PTH 1 490 551 523 504
0 11368|PTH 8 667 792 753 674
0 9960]|Osborne St N 998] 1094] 1051 1163
0 11211|PTH 100 1007] 1461] 1460 1448
0 9247|Moray St 1135] 1522{ 1367 1246
0 3961|Dugald Rd 1181 1180 833 1176
0 10760|Portage Av 1231 1295) 1412 1550
0 988|Balmoral St 1387 1144 948 1094
0 1877|Broadway Af 1451 1005] 1082 1362
0 10361|Pembina Hw 1530 1556| 1497 1436
0 8124|Main St 1604 2110f 2317 2006
0 2659|Chief Peguis Ti 1755f 1465] 1748 1649
0 9676|Norwood Bridge 2086| 1618} 1243 1661
0 11173|Provencher Bv 2635| 2465] 2603 2496
0 10688 |Portage Av 817 881 893
1 13225|Smith St 1390 760] 462 699)
1 8505]Maryland Bridge NB 1544} 1680 1697 1768
1 1504 |Bishop Grandin Bv EB 2763| 2698] 2482 2458
1 13830|St. James Bridge NB 1823| 2264 2303
1 13832|St. James Bridge SB 1675] 1879 1970
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Table 12: Estimated PMPVTT Flow and Observed PMPVTT Flow in the BA Direction at
Key Links

Dir |ID Name Count 10 iter. |40 iter. |100 iter.
-1 1508|Bishop Grandin Bv WB 1856 1962 1983 1946
-1 13632|St Mary Av 1127 1379] 1580 1370
-1 8506 Maryland Bridge SB 3165 2720 2867 3020}

0 11237|PTH 101 172 312 290 257
0 11211{PTH 100 246 398 384 388
0 11191|PTH 1 436 625 529 472
0 11368|PTH 8 320 299 311 319
0 9960]|Osborne St N 2270 37861 2748 2638
0 11211|PTH 100 848 873 899 900
0 9247{Moray St 1557 1958 1730 1590
0 3961 |Dugald Rd 640 880 724 646
0 10760|Portage Av 2248 1714 1814 1941
0 988 |Balmoral St 1006 1470 857 802
0 1877|Broadway Af 982 1025 1001 1180
0 10361 |Pembina Hw 2209 2321 2326 2281
0 8124{Main St 1321 1002 1060 1217
0 2659|Chief Peguis Tl 837 905| 1017 879
0 9676 |Norwood Bridge 3949 4238] 4457 4513
0 11173|Provencher Bv 897 0 0 ]
0 10688|Portage Av 932 1061 1101
1 13225{Smith St

1 8505|Maryland Bridge NB

1 1504|Bishop Grandin Bv EB

1 13030|St. James Bridge NB

1 13032]St. James Bridge SB

At the key links, the estimated flows replicate closely the observed flows (less than 300

trip difference) at all the locations except for Smith Street (which has 700 trip'

difference).

The matrix adjustment algorithm also produced estimated PMPVTT matrices. The total

number of trips in the estimated PMPVTT matrix changed with the number of iterations

used (see Table 13).

59



Table 13: Estimated P.M. Peak Vehicle Total Trips

10 Iterations 40 Tterations 100 Iterations 200 Iterations

Estimated Trips 160664 182214 191954 198218

The results of the matrix adjustment algorithm are sensitive to the number of iterations
used. As the number of iterations increase, the estimated flows approach closer to the
observed flows (the overall coefficient of determination, R2, increases as the number of
iterations increases). In addition, as the number of iterations increase, the total number of

trips estimated also increase.

Using the estimated PMPVTT matrix (derived using 200 iterations), a PMPVOT matrix

was derived using:

PMPVOT =PMPVTT - PMPADWT

The PMPVOT matrix produced has negative values in certain cells (10% of the total
number of cells have negative values). This is because the estimated PMPVTT are less
than the PMPADWT at those cells. The negative values in those cells were rounded to 0

to avoid negative values in the PMPVOT matrix.
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5.3 Trip Generation Component

The trip generation component of the transportation planning models is used for
predicting the number of trips generated to and from activities in an analysis area
(NCHRP, 1998). There are three types of analysis units used in trip generatidn modeling:
(1) zonal; (2) household and (3) individual. The zonal analysis unit is employed in this
thesis. Details on using the household and individual as analysis units in trip generation
modeling (also known as disaggregate analysis) can be found in Ben Akiva and Bierlaire
(1999), Daganzo (1982), and Bhat, Govindarajan and Pulugurtha (1998). '_The reason that
the zonal analysis unit is used in this research is that the 1996 Journey-to-Work data were
aggregated to the Winnipeg Regional Traffic zone system. In addition, disaggregate data
necessafy for constructing the model werev .not available. Furthermore, although the
literature is full of praise for the disaggregate approach, in some cases it has produped'

disappointing results (Mekky, 1995).

The trip generation component has the following assumptions:

(1) During the P.M. peak, persons working in a zone will return home after work.
Discretionary trips such as shopping aﬁér work are considered other trips.

(2) The relationship between dependent variable and dependent variable is linear

(3) Trip generation equations have zero intercept

The most common method of constructing trip generation models is the regression
method. This is the method used for constructing the trip generation model for this

research. The dependenf variable is automobile driver work trips (ADWT). The
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regression method develops relationships between the dependent variable and the
independent variable. The resulting relationships are expressed using equations. Ortuzar
and Willumsen (1994) and Mekky (2000) give details of multiple regression analysis.

The procedures taken to develop the trip generation component are shown in Figure 26.

1996 Journey to
Work
O-D Matrix of P.M.
Peak Home Based
Work Trip s

.

Regression Analysis

!

Work Trip Generation Equations

Figure 26: Trip Generation Component Development Procedure

5.3.1 ADWT Production Equation

Since this is a P.M. peak model, for the work trips, the trip production occurs at the place
of employment. Using regression analysis, different independent variables were used to
derive different trip production equations (see Appendix F). Out of the different
equatioﬁs, one equation was selected based on: (1) the ease of prediction of the
independent variable(s); (2) logical signs of coefficients; and (3) magnifude of

coefficients. The equations are summarized in Table 14.
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Table 14: ADWT Trip Production Equations Examined

Dependent Variable

Independent Variable(s)

Comments

ADWT produced

Total Employment

Independent variable can be
predicted. The coefficients have
The
magnitude of the coefficient is

logical signs (positive).

logical.

ADWT produced

Number of Employees by industry: (1)
primary (2) manufacturing; (3)

wholesale retail; (4) finance; (5) Government;

sector;

(6) accommodation

The coefficients have logical
signs (positive). Difficult to

predict the independent variables

Based on those criteria, the equation chosen to be the

production equation is (see Figure 27):

(01)apw = 0.7262 (TotEMP;)

where

automobile driver work trip

(0))apw is the automobile driver work trips produced by zone i

TotEMP is the total employment in zone i
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Automobile Driver Work Trips Produced Versus Total
Employment
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Figure 27: Automobile Driver Work Trips Produced Versus Total Employment

The equation chosen uses total employment as the independent variable. This variable is
easier to predict than employment by industry (which is used by the Winnipeg
Transportation Model). The coefficient has a logical sign (positive). In addition, the
magnitude of the coefficient is less than 1.0. This means there is less ADWT than total
employment. This is logical because not all work trips are by automobile drivers. Using
the chosen equation, the predicted ADWT produced is 307,676. From the 1996
Statistics Canada Journey-to—Wbrk Database, the number of ADWT trips is 288,305.
There is a 6.72% difference between the predicted ADWT produced and the observed

ADWT produced.
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5.3.2 ADWT Attraction Equation

Appendix G shows the different equations developed

summarizes the equations.

Table 15: ADWT Trip Attraction Equations Examined

and examined. Table 15

Dependent Variable

Independent Variable(s)

Comments

ADWT attracted

Population

Independent variable can be
predicted. The coéfﬁcients have
logical signs (positive). The
magnitude of the coefficient is

logical.

ADWT attracted

Total number of households

Independent variable can be
predicted. The coefficients have
logical signs (positive). The
magnijtude of the coefficient is
logical. Compatible with existing
Winnipeg Transportation Model.

ADWT attracted

Number of households by household size: (1)
one person; (2) two persons; (3) three persons;

(4) four persons; (5) five or more persons

Independent variables are
difficult to predict. The
coefficients have illogical signs
(negative). -

ADWT attracted

Employed labour force

Independent variable is difficult
to predict. The coefficients have
logical signs (positive). The
magnitude of the coefficient is

logical.
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The equation chosen as the trip attraction equation is (see Figure 28):

(d)apw = 0.6397 (HOUSE))

where
(di)apw is the automobile driver work trips attracted to zone j
HOUSE,; is the number of households in zone j

Automobile Driver
Work Trips VS Number of Households

45000

y= 0.63}4
40000
35000 /
30000 '
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0 T L] i ¥
0 - 10000 20000 30000 40000 50000 60000 70000

Figure 2'8: Automobile Driver Work Trips Versus Number of Households
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The equation chosen uses number of households as the independent variable. This
variable is predictable. The coefficient has a logical sign (positive). In addition, the
magnitude of the coefficient is less than 1.0. This means there is less ADWT than the
number of households. This is logical because not every household attracts a work trip
by automobile drivers. Using the chosen equation, the predicted ADWT attracted is
268,134. From the 1996 Statistics Canada Journey-to-Work Database, the number of
ADWT trips is 288,305. There is a 7.00% difference between the predicted ADWT

attracted and the observed ADWT attracted.

In this research, efforts were also made to construct trip production and trip attraction
equations for the PMPVOT. The equations developed and examined were not
satisfactory (illogical coefficient signs and lack of correlation between dependent variable
and independent variables) and are sunamarised in Table‘ 16 and Table 17. The equations

examined are shown in Appendix H.

Table 16: PMPVOT Trip Production Equations-E){amined

Dependent Variable Independent Variable(s) Comments
PMPVOT - Total number of households; Wholesale and | Lack of relationship between
production retail employment. dependent variable and
independent variables

PMPVOT Total number of households; Primary sector | Negative coefficients
production employment; Manufacturing  employment;

Wholesale and retail employment; Finance

employment;  Government  employment;

Accommodation employment

67




Table 17: PMPVOT Trip Attraction Equations Examined

Dependent Variable | Independent Variable(s) Comments
PMPVOT Primary sector employment Lack of relationship between
attracted dependent variable and
independent variables
PMPVOT Total number of households; Wholesale and | Negative coefficients. Lack of
attracted retail employment. relationship between dependent
variable and independent
variables.
PMPVOT Total number of households Lack of relationship between
attracted dependent variable and
‘ independent variables
PMPVOT Total number of households; Primary sector | Negative coefficients. Lack of
attracted employment; Manufacturing employment; | relationship between dependent

Wholesale and retail employment; Finance
employment;  Government  employment;
Accommodation employment

variable and independent

variables.

68




5.4 Trip Distribution Component

The trip distribution component predicts the number of trips that originate from zone i

destined for zone j (t;). Figure 29 shows the steps taken to construct the trip distribution

component.
1996 Journey to Matrix Adjustment Initial Impedance
Work Algorithm Matrix
O-D Matrix of P.M. O-D Matrix of P.M. And Assumed Cost -
Peak Home Based peak vehicle other Function Form
Work Trip s trins

' I !

Gravity Model Calibration

' !

Trip Distribution Component -

Gravity Model by Trip Type

Figure 29: Trip Distribution Component Development Procedures
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The trip distribution method used in this research is the “gravity model”. The concept of
the gravity model is that groups of people interact more as they become larger and nearer
to complementary activities. Newton’s Law of Gravitation was borrowed to

mathematically specify this concept. This is written as (Mekky, 2000):

tj=a bj 0j dj f(Cij)

where

ai =1/ ;[ bjd; f(cy)]

b;=1/Z;[ a; 0; f(cyy)]

t;j is the number of trips produced in zone i and attracted to zone j

a; , bj are balancing factors

o; is the number of trips produced in zone i

d; is the number of trips attracted to zone j

f (cy) is the impedance function for travel from zone i to zone j.
subject to the constraints

% t; = 0

Zi ti = d

There are several forms of impedance functions (Mekky, 2000; NCHRP, 1998):

(1) exponential

f(cy) = EXP(x (cy))

where x is a parameter to be calibrated
(2) inverse power

£ (i) = (e™) |

where x is a parameter to be calibrated
(3) gamma

£ (cq) = (c5”) EXP(z (cy)

where x,y,z are parameters to be calibrated
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This research uses an exponential impedance function. The exponential impedance
function was chosen because the Winnipeg Transportation Model uses an exponential
impedance function. The gravity model used for the trip distribution component of the

MCRTPM is:

tij=a; bj 0; dj EXP(-X Cij)

where
ai=1/%[bjdc;®]
bj=1/%[a0;ic;°]
t;; is the number of trips produced in zone i and attracted to zone j
a;, bj are balancing factors
0; is the number of trips produced in zone i
d; is the number of trips attracted to zone ]
cij is travel time from zone i to zone j (in minutes)
x is the parameter to be calibrated
subject to the constraints
2 tj=o0;

Zi tU = dJ

Calibration of the gravity model is the process of determining the best estimates of the
model’s parameters. This is done by finding values of the parameters which allows the
trip distribution component to reproduce the base year matrix with minimum error.

Details can be found in Mekky (2000).
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For the calibration of the trip distribution component of the MCRTPM, the following is
required:

¢ the PMPADWT matrix

e the PMPVOT matrix

e the c; matrix, which is calculated by determining the shortest. travel time
(InitTime_AB and InitTime BA) from zone i to zone j along the MCRTAN.

5.4.1 PMPADWT and PMPVOT Trip Distribution Equations

For PMPADWT, x was calibrated to a value of 0.0575. This results n:

(t)apw = 0; dj EXP(-0.0575 c;)

For PMPVOT, x was calibrated to a value of 0.0751. This results in:

(tj)or= 0;d; EXP(-0.0751 c;)
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5.5 Trip Assignment Component

The trip assignment component assigns the P.M. peak automobile driver work trip matrix
(tj)apw and the P.M. peak vehicle other trip matrix (tij)or to travel routes in order to
produce the P.M. peak traffic flow on each link in the analysis network. The assumptions
for the trip assignment component are:

(1) all trips begin and end at zone centroids

(2) trip behavior follows equilibrium theory

5.5.1 Trip Assignment Component Development

Figure 30 shows the steps taken to construct the trip assignment component.

Link performance Free flow travel time Capacity of each link
functions for each link of each link in network in network by
in network by by direction direction
direction

! I l

Trip Assignment Component

Figure 30: Trip Assignment Component Development Procedure

The trip assignment method used in this research is called the user equilibrium method.
This method is based on the concept that “traffic on a network distributes itself in such a
way that the travel costs on all routes used from any origin to any destination are equal

while all unassumed routes have equal or greater travel costs” (Wardrop, 1952).
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Effectively, this means that traffic distributes itself in such a way that no driver can
reduce his/her travel cost by using another route (Mekky, 2000).  Mathematically, trip
assignment using the user equilibrium method is achieved by solving a system of
equations which include (Mekky, 2000):
(1) equations relating travel time to the flow on each link (link performance
functions)
(2) conservation equations for flows entering and leaving nodes
(3) equilibrium equations where:
}a. the travel time from one point in the network to another point in the
network is the same for routes which were used for travel (t,-jmi“)
b. the travel time for all unused routes were equal or greater than tijmin
Link performance functions relate the travel time of a link to the traffic flow on the link

(see Figure 31).
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Figure 31: Example of a Link Performance Function (Mekky, 2000)
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There are many different forms of link performance functions. One form of link
performance functions is specified by the Bureau of Public Roads (1964).
Mathematically, the Bureau of Public Roads (BPR) link performance function is written

as (NCHRP, 1998):

T="7[1 +a (V/Cp)P]

where
1 is the travel time per unit distance
V is the flow
C, is the practical capacity of the link
T, = 1 at zero flow

o and B are parameters estimated from data

BPR specifies o= 0.15 and p =4.0 as default values. This thesis uses those default

values in the trip assignment component.

The free flow travel time on a link is calculated based on procedures described in Section
4.5, '

The capacity of a link is calculated using:
Capacity (vehicles/hour) = Number of Operational Lanes * 900 vehicles/hour/lane

The capacity is attributed in the MCRTAN as described in Section 4.5.
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6.0 CONCLUSION AND FURTHER_ WORK

This chapter provides the conclusion of the thesis and proposes further work for the

MCRTPM.

6.1 Conclusion

Based on the need for a regional transportation planning model, this thesis has developed
(using the best available data) the foundation of the Manitoba Capital Region
Transportation Planning Mbdel: (1) the framework and structure of the model; (2) the
Manitoba Capital Region Transportation Analysis Network (MCRTAN); (3) relevant
P.M. peak traffic data; (4) the automobile driver work trip (ADWT) matrix from
Statistics Canada 1996 Journey-to-Work database; and (5) éomponents of the MCRTPM.
This foundation allows further development to be made to the MCRTPM in order to

develop a complete model.

6.2 Discussion ahd Further Work

6.2.1 ADWT Time Distribution

The PMPADWT is estimated from the ADWT (obtained from the 1996 Statistics Canada
Journey-to-Work database) using the NCHRP diurnal factor. Sensitivity analysis has not
been performed on this factor and as such the effect of this factor on the components

developed in this research is unknown. The 2001 Statistics Canada Journey-to-Work
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Database will not contain time distribution information to help refine the diurnal factor

for the Manitoba Capital Region (Hurtubise, 2000).

6.2.2 PMPVOT Matrix

In this research, the PMPVOT matrix was estimated using the matrix adjustment
algorithm. The estimated link counts matched the observed link counts well. However,
satisfactory trip generation equations for the PMPVOT matrix could not be developed
using independent variables from NCHRP (number of households and employment by
different industries) or the Winnipeg Transportation Model (employment by different
industries). This means that there are two possibilities: (1) the PMPVOT matrix
developed by the matrix adjustment algorithm is wrong and the trip generation
characteristics of PMPVOT can be explained using the independent variables from
NCHRP or the Winnipeg Transportation Model; or (2) the PMPVOT matrix developed
by the matrix adjustment algorithm is correct and the trip generation characteristics
cannot be explained by the independent variables examined. There are no data to
validate the PMPVOT matrix developed in this research. At this time, there is very little
understanding of the traffic generation and trip distribution characteristics of PMPVOT in
the region. In order to develop better PMPVOT trip generation and trip distribution

equations, there is a need for additional data in this area.
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6.2.3 Trip Generation Component

This research developed trip production and attraction equations for ADWT. There are
strong correlations between the dependent variables with the independent variables for
the equations produced. This research also attempted to develop trip prdduction and
attraction equations for the PMPVOT. However no satisfactory equations were
produced. The use of category analysis to develop trip generation equations for the

PMPVOT should be investigated.

6.2.4 Trip Distribution Component

This research developed trip distribution equations for PMPADWT and PMPVOT.
However, since the PMPVOT matrix developed in this research has not been validated,
the validity of the PMPVOT trip distribution equation (which was developed using the

PMPVOT matrix) is also uncertain.

6.2.5 Trip Assignment Component

The traffic assignment component used the BPR default parameters for link performance
functions. Detailed research would have to be performed in order to determine the link

performance functions which should be used for the different links in the MCRTAN.
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6.2.6 Refinement of Centroid Connectors

The centroid connectors in MCRTAN were developed based on the three guidelines
discussed in Section 4.3. Investigations should be made on the impact of different

centroid connector construction on the model calibration results.

6.2.7 Zone System Improvement

The Winnipeg Regional Traffic Zone system is outdated and do not adequately represent
the traffic generation characteristics in the Capital Region. Further work should be done

to investigate and develop a new zone system for model development.
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ADDENDUM

Three attribution errors were found in the MCRTAN on December 18, 2000. Corrections
were made to the network and incorporated in the file MCRTNv4.dbd. Certain analysis
and calibration results presented in this thesis do not reflect the corrections made to the

network on December 18, 2000.
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Appendix A

List of Cartographic, Spatial Layer, and Database Files used in the Thesis
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Cartographic Files

Figure Software | Filename Location

Figure 1 | ArcView | Figl.wmf /fpe-trans2/d:\users\kean\capitalregionpaper\
Figure 2 | TransCad | charleswood&NEextension.map | //pc-trans2/d:\users\kean\thesis2\gis\wpg5\
Figure 4 | TransCad | chrleswood.map /fpc-trans2/d:\users\kean\thesis2\gis\wpg5\
Figure 5 | TransCad | Zone.lay //pc-trans2/d:\users\kean\thesis2\gis\wpg5\
Figure 8 | TransCad | winniperzones.map [//pc-trans2/d:\users\kean\thesis2\gis\wpg5\
Figure 9 | TransCad | Basenetwork.map /fpe-trans2/d:\users\kean\thesis2\gis\dtmodel\
Figure 11 | TransCad | Centroidexamples2.map /fpc-trans2/d:\users\kean\thesis2\gis\wpg 5\
Figure 12 | TransCad | Topology.map //pc-trans2/d:\users\kean\thesis2\gis\wpg5\
Figure 13 | TransCad | Centroidexamplel.map //pc-trans2/d:\users\kean\thesis2\gis\wpg5\
Figure 14 | TransCad | Area.map /fpc-trans2/d:\users\kean\thesis2\gis\wpg5\
Figure 15 | TransCad | Network.map /fpc-trans2/d:\users\kean\thesis2\gis\wpg5\
Figure 16 | TransCad | Ramp.map //pc-trans2/d:\users\kean\thesis2\gis\wpg5\
Figure 17 | TransCad | Oneway.map /fpc-trans2/d:\users\kean\thesis2\gis\wpg5\
Figure 18 | TransCad | Centroidconnector.map /fpc-trans2/d:\users\kean\thesis2\gis\wpg5\
Figure 19 | TransCad { Pcs.map /fpe-trans2/d:\users\kean\thesis2\gis\wpg 5\
Figure 20 | TransCad | Countvol.lay //pc-trans2/d:\users\keén\mesiSZ\gis\wpgS\
Figure 25 | TransCad | Keylinks.map /lpc-trans2/d:\users\kean\thesis2\gis\wpg 5\
Spatial layer Files

Spatial Layer Software Filename Location

MCRTAN TransCAD MCRTNv4.dbd | //pctrans2/d:\users\kean\thesis2\gis\wpg5\
MCRTAN  network | TransCAD | Netl.net /fpctrans2/d:\users\kean\thesis2\gis\wpg5\
file

Winnipeg  Regional | TransCAD WPGMBS83.dbd | //pctrans2/d:\users\kean\thesis2\gis\wpg5\
Traffic Zone System

Winnipeg  Regional | TransCAD WPGMBS83c.dbd | //pctrans2/d:\users\kean\thesis2\gis\wpg5\
Traffic Zone System

Centroids

Manitoba  Highways | TransCAD MBSTN00.dbd | //pctrans2/d:\users\kean\thesis2\gis\wpg5\
Traffic Counters
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Database Files

iterations)

Database Software Filename Location

ADWT matrix | TransCAD VD_POW_POR1996.m | //pc-trans2/d:\users\kean\thesis2\gis\wpg5\

and tx

PMPADWT

Turn Restriction { TransCAD Turnrest1.dbf //pc-trans2/d:\users\kean\thesis2\gis\wpg 5\

Trip generation | Excel Workingcopy3.xls /Ipc-trans2/d:\users\kean\thesis2\data\

spreadsheet newtripgeneration\

ADWT trip | JMP Worktrip_productionl.j | //pc-trans2/d:\users\kean\thesis2\data\

production mp newtripgeneration\

ADWT trip | IMP Workingcopy3.jmp //pc-trans2/d:\users\kean\thesis2\data\

attraction newtripgeneration\

PMPVOT trip | IMP Othertrip_production2.j //pc-trans2/d:\users\kean\thésisZ\data\

production mp newtripgeneration\

PMPVOT trip | IMP Othertrip_attraction2.j | //pc-trans2/d:\users\kean\thesis2\data\

attraction mp newtripgeneration\

PMPVTIT (10 | TransCAD EstimatedPMpeaktotal. | //pc-trans2/d:\users\kean\thesis2\gis\wpg5\

iterations) mix

PMPVTIT (40 | TransCAD EstimatedPMpeaktotal2 | //pc-trans2/d:\users\kean\thesis2\gis\wpg5\
| iterations) mix 7

PMPVTT (100 | TransCAD EstimatedPMpeaktotal3 | //pc-trans2/d:\users\kean\thesis2\gis\wpg5\

iterations) .mtx

PMPVTT (200 | TransCAD EstimatedPMpeaktotal4 | //pc-trans2/d:\users\kean\thesis2\gis\wpg5\

iterations) mtx

PMPVTT link | TransCAD EstimatedPMpeaktotal. //pc-trans2/d:\users\kean\thesis2\gis\wpg5\

volumes (10 bin

iterations)

PMPVTT link | TransCAD EstimatedPMpeaktotal2 | //pc-trans2/d:\users\kean\thesis2\gis\wpg5\

volumes (40 bin

iterations)

PMPVTIT link | TransCAD EstimatedPMpeaktotal3 | //pc-trans2/d:\users\kean\thesis2\gis\wpg5\ -

volumes (100 .bin

iterations)

PMPVTT link | TransCAD | EstimatedPMpeaktotald //pc-trans2/d:\users\kean\thesis2\gis\wpg5\

volumes (200 .bin
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PMPVOTT (10 | TransCAD OthertripsPMpeak. Mtx /fpc-trans2/d:\users\kean\thesis2\gis\wpg5\
iterations) v
PMPVOTT (40 | TransCAD OthertripsPMpeak2.mtx | //pc-trans2/d:\users\kean\thesis2\gis\wpg5\
iterations)

PMPVOTT TransCAD OthertripsPMpeak3.mtx | //pc-trans2/d:\users\kean\thesis2\gis\wpg5\
(100 iterations)

PMPVOTT TransCAD OthertripsPMpeak4.mtx | //pc-trans2/d:\users\kean\thesis2\gis\wpg 5\
(200 iterations)

PMPVOTT TransCAD othertripsPMpeak4_fix | //pc-trans2/d:\users\kean\thesis2\gis\wpg5\

(200 iterations,
negative  cells

rounded to zero)

ed.mtx

Impedance
Matrix (c;)

TransCAD

inittime impedancel.m
x

/lpc-trans2/d:\users\kean\thesis2\gis\wpg5\
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Appendix B

Sample of the MCRTAN in Tabular Form
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Appendix C

MCRTAN Turn Restriction File in Tabular Form
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FROM_ID_ITO ID___|PENALTY [FRGM_ID[TOID __JPENALTY FROM_IDITO 10 |PENALTY] [EROM _IDJTO ID___[FENALTY
11268 1615 | 11858]  11545] 7252] 11581 10842 647
0348| 1586 [ 10813 1596 11533 11561 10843 846/
1210 1608 1215 1629 11562 2659 10834 1893
0347 11582 | 10814 1591 | 11562] 11532 10681 2267
4 10427] 1234 1611 | 11560 2050 10830] _ 15754} -
509 10428 1810 0814 11548 3698 10693 3735
87 11201 | 11610 11597 11548 11664 10761 3801
034 1158 | 11597 1234 3698 11664 10758 4589
62 780 | 1159 1631 11547 3669 [ 10885 4952
82; [ 163 081 11547] 11865 10681 564
22 1860 | 11630 __11580] 3699] 11665 | 10854 81
184 1668 I 11580] 1215 11663 50 [ 10737 924
186 1539 | 3i5%0)__11810; 13631 3829 [ __10885] 9683
251 1570 | 11629 0813 | 7084 0810 | 10800 3580
1540] 222 [ 11506] 11234 | 11582 383 {10801 3588
1540] 67 161 0814 10808 1589 (— jo795] 12052
661 84 159 E [ 11530 080 10831 3031
661 40 600 3 | 10808 585 10832 030
667 251 23 53 [ 1585 2477 10893 225
667 661 1160 3 [ 10820 374
1567 186 [ 1160 625 11594 10869 14562
1567 667 | 11588 626] - | 1085 4732
252 636 | 11628] 10973 11584 17 4128]
345 345 | 10876 1598 | 11531 180: 162
254 18 | 11599 11632 [ 11553 [ 12845 3842
347 544 | 11632 10977 11585 [ 13215] 7818
254 335 100872 1599 | 11580 | 13859 3058
64 1635 [ 11644 254 [ 11554 | 13852 3070
161 345 18 345 10415 1
1619) 543 345 252] | 11554 K
1648 252 36 347 10415] 1
1648 18 345 643! 11558]
635 347 54, 254
635 346 | 1134 646 -
363 549 | 1125 819 | 11558
1246 620 4 837 11585
1365 11648 65 650 11555
1244 11638 44 621 [
164 46 63 847 [
164 837 | 11620 363 [ 1
33 365 84 244 [ 1
33 850] 63 365 [ 1
65 244 | 1164 248] 1
850 621 4 639 1
621 363 76 654 1
621 347 47 623 |1
245] 45 74 65 1
364 64 | 11653 4 1
25 253 640 7 1
348 346 | 11652 4 1
74 653 | 11622 1374
49 622 [ 11851 1616
76| 652 [~ 11280 154
47 54 [ dter1 7254
75 7 | 11566 1219
48 1124 | 11307 164:
1654 4 1570] 186
654 62 | 11ee8 25
623 374 [ 11660] 184
623 65 11538 222
65 24 | 11188 667
651 163! | 11251 661
1639 1371 184 1540
1639 1654 222] 11567
154 1551 | 11219 1669 3685 7777 373] 1450
1616 1550 | 11542 7248 3850 9705 | 13454 6292
155 1250 [ _7240] 11563 4298 1397 00¢ 9710
1550] 1250 11582, 1210 4558 547 |__13222] 5242
1550 1549 | —11608] 10348 4782 5244 | 13222] 5243
11617 130 | 11886] 11208 5247 4178 384 9423
11617 i 815 0347 6749 37 360 14175
125 ; 210 14 71775 125 {14507 4059
165 1121 | 11208] 305 7776| 124 | 1a508] 13080,
154 724 | 11674 885: 001 14509] 13080
7255 1565 ™ 11674 885 11485 857 3638
1564 1219 [ 11675 308| 14854 2501
1564 1669 12 4 309
1670] 7254 75 4 3604
7246 11657 161 674 E 5245
11220 11541 | 1461 675 26 6058
7244 11568 1457 143 3153] 6063 ]
1602 7240 4 672 25 7776
1602 11563 5 859 08 8445
1563 11604 39]_ 11545 0] 10854
1604 7240 [ 11214] 11568 161 180:
1604 1603 [ 1i668] 12140 131 264
1603 602 [ 11544 1658 153 404
10346 581 [ 10813 1590 33 4048}
1587 €09 1215 1610 3424 570 i
158 10 [ 10814 1597 3419 571
15! 1614 | 11234 830} 057| 10688
1212 1674 | 11625 500) 8370] 11491
1212 1613 63 501 6383 4585
1544 1214 23 625 9424 14848
214 1658| 60C 631 9529 4603
655 11214 1162 1626 9544] 11417
655 11569 [ 1632 9662] 10584
1568 4 i 115 7252 9960 929
11568 7 15 1559 [ 9061 187
11872 1 725 1559 0414]  1580¢
11672 65! 11559] 11533 | 10363 9830
11659 139 11533 7252 0577 6803
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Appendix D

Sample of the Winnipeg Regional Traffic Zone System in Tabular Form
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[1© AREA CENTROID [ZONE SUPERZON|CEN END_[[NAME TYPE INTRA SqINTRA TIMEID 2
288} 535584.81 288 8560 22 05281N MB Lage 80 274.43
283] 11936.68 283 9510 17 0526]SE MB (inc. Steinbach) Large 80} 14.25

282 4544.38 282 9500 18 0527|NE of the City (inc. Beasejour, Lamge 80 25.28|
268 857.39 268 9020 02 0513 St Clements (inc. parts of Broke RM 80 10.98
280 812.03 280 9140 4 0512{St. Andrews RM 80 10.69
289|  7057.98) 289 9570 23 0529]N of Cap Region {inc. Gimli and Lamge 80 3150
277]  1202.18! 277 110 0511 [Rockwood RM 80 13.00
278 441.35 276 100 110 0509]|Rosser RM 80 .88
275 207.38 275 35080 09 0508| St. Francois Xavier RM 80 .40
287] 60728.82 287 9550 21 0521]W and SW MB Large 80 92.41
284] 3537.91 284 9520/ 18 0525|S MB (inc. Niverviile Lame 80 22
270 580.82 270 9040 104 0516] Tache RM 80 .04
268] _ 1000.79! 269 9030] 103 0515 Springfield RM 80 12.44
267 4282 267 010 01 10520]East Saint Paul RM 80 45[-
281 26.57 28 150 15 10514} Selkirk Town 80 .83
279 88.34 7 30| 13 10524 | West Saint Paut RM 80| .52
31 8.23 3 10 29| 0655 WPGZONE 40 .28
30( 2.68 30| 303 29 0752 WPGZONE 40|
228 55! 228 760" 29 0731 WPGZONE 40 X
226 .96 226 7500 28 0854 WPGZONE 40 .83
200 .00 200 8720 25 071 WPGZONE 40] .
273 108.27 273 9070 07 0519]Headingley RM 80 .90
274] 556.59 274 9080 08 0518| Cartier RM 80! .85
286] 13029.12 286 9540 20 10523[S MB (inc. Carman) Large .80 42.80
285] _ 2532.17 285 9530 19 10522|S MB (inc. Mortis) Large 80 18.87
265 42 265 8600 32 10857 WPGZONE 40| 75
266 .51 266 8610 32 0656 WPGZONE 40 ¥
271 342.08 279 9050 105! 0517 |Richot RM 80 .94
105 36.19 105 3800/ 1 0544 WPGZONE 40 4.
104 11.51 104 3720 055 WPGZONE 40] !
99 .69 [ 3702 0562 WPGZONE 40 44
83 .85 63 402 0554 WPGZONE 40] .
77 67 77 710 0555 WPGZONE 40 79
69 4.09 [ 2600 0556 WPGZONE 40 .52
75 .56 5 2704 0557 WPGZONE 4 42
78 90 76 2705 8 0558 WPGZONE 4 .03
73 .09 73 2702 [ 0744 WPGZONE 4 .08
66 .20 66 2503] 5 0660 WPGZONE 40 87
55 .49 55 1530 2| 0859 WPGZONE 40 .18
58 .24 56 1800 32 0658 WPGZONE 40 12
46 14.83 146 4810| 17 0533 WPGZONE 40 .89
45 . 145 4903 7 0530 WPGZONE 40 14
02 .89 102 3713 0547 WPGZONE 40 .48
103 .16 103 3714 0545 WPGZONE 40 10
101 47 10 37 0546 WPGZONE 40| .91
93 67 92 3502 0585 WPGZONE 40! .87
92 .75 92| 350 0583 WPGZONE 40) .65
98 4.23 98! 370 0585 WPGZONE 40] 54
85 2.59 85 1407 0564 WPGZONE 40/ 21
86 37 88 3403 0553 WPGZONE 40| 0.88
84 57 84 401 0596 WPGZONE 40 .20
81 1 81 300 0587 WPGZONE 40| .09
62 3 62 40 8 0625 WPGZONE 40! .89
70 0.74 70 26 8 0628| WPGZONE 40 .64
71 1.77 7 26 8 0561 WPGZONE 40 .00
68 0.85 68 25 5 0563 WPGZONE 40] .73
72 .52 72 270 6| 0560 ___|{WPGZONE 40 .93
74 2.40 74 2703 0559 WPGZONE 40 .16
65 25 65 2502 074 WPGZONE 40 .84
64 86 84 2501 056: WPGZONE 40 2T
48 12 48| 1432 4 0663 WPGZONE 40| .79
53 .79 53 152 068 WPGZONE 40 .00
54 .85 4 1522 0662 WPGZONE 40 .96
169 .70 99 87 25 0714 WPGZONE 40 .79
208 411 206 6810 25 0710 WPGZONE 40 .52
68 .68 68 5911 0678| WBGZONE 40| .97
68 .53 89 5812 0877 WPGZONE 40/ .93
70 .00] 70) 5920 0585 WPGZONE 40 .68
72 1152.86' 72 9060 106 0505 | MacDonald RM 0 12.73
262 .29 262 8526 4 0759 WPGZONE 40 .85 .
261 77 261 8525 4 0762 WPGZONE 40 .00
260 .40 260 8524 4 0755 WPGZONE 40 .89
244 0.71 244 8402 35 0754 WPGZONE 40 .63
229 137 229 7602 29 0753 WPGZONE 40 .88
224 0.81 224 7412 28 07 WPGZONE 40 .68
225 3 225 413 29 07 WPGZONE 40 .72
221 22 221 402 28 07 WPGZONE 40 .83
220 .83 220 7401 28 070¢ WPGZONE 40 .68
222 0.99 222 7403 28 1065 WPGZONE 40 .75
89 38 189 6502 24] 10730 WPGZONE 40 .88
227 4.73 227 7510 28 107 WPGZONE 40 .63
194 7 194 6622 24 o7 WPGZONE 40 03
95 64 95 6701 25 072 WPGZONE 0] .96
42 .32 42 4810] 053 WPGZONE 40 .89
39| 57 39 4720 0538 WPGZONE 0 .92
40| .75 40 480 0540 WPGZONE 40 .99
41 50} 41 480 0541 WPGZONE 40 .03
44 48[ 44 490: 0536 i WPGZONE 40 .18
08 .08 98 6704 25 0720 WPGZONE 40 78]
205 19 205 8802 25 0718 WPGZONE 40 .82
204 .68 204 690 25 o71 WPGZONE 40 .87
202 .23 202 6802 25 071 WPGZONE 40 .83
85 1 185 580 087 WPGZONE 40 .
66 .56 166! 580 0680 WPGZONE 40| 4
7 10.05 187 580K 087 WPGZONE 40| .38
0 0.78 0 151 074 WPGZONE 40 .66
2 .76 2 1514 075 WPGZONE 40 .65
.89 1513 32 0749 WPGZONE 40 .71
.55 25 10626 WPGZONE 40 .55
100 1.61 10( 37 1 10548 WPGZONE 40| .95
14 230 14 450 1 10535 WPGZONE 40 14 143
95 2.85 95 351 1 10578 WPGZONE 40 27 85
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Appendix E

Links in the MCRTAN which contains Traffic Counts used for the Matrix Adjustment

Algorithm

100



() (3313 W) | [000000 60, T
S8 & T N #99 ¥, (000000008 3
[l 13 N 50 ¥3 [060000°008 "
IS 5L £ Y] i3] [000005°009 [
(553 BX2 ) () [000000°008 3
12 N WD) X9 [060000°006 0"
16 et o1 | (000005 00LE i
5260 02 T [900000°009%. %
2002 0% [000000 0022 [
05 008¢
0
o8 [000000°06 [
B [73 iy 00000660 53
HE) N #90)] [606000°008. <3
0L N 99| 000000008 X
TR 0000000 o1
iz N 90| [000000'008 T
iiC N WD) 1000000008 3
s N 99| 1000000°006 3
2551 [ ] 1000006 004 oy
el o5 iy [066600'60¥ 13
F) 500000 022,
({133
1578
o7
5

BREEEEE R E R EEEEENE

B EEEEE R

2|
=
b MR 213l %isls| 5! sl sl

NEPORERS = = EE
AR RRE R R R EEEEE R ERREREEREER

| ]
2|53 505 %5l Sl 5l 515 5 3zl % sl = 5l 2l 5l Sl8t Sl gl Slal sl sl 2 5%
x|
3)5]3! 515135 31 51 515 515 5l 6l s 315151S]

REREERPERR

EREEREERRER

B

BECEEQEE8EEBEEEEER

EBEAE R ERERAc R T

EERREREREER

~§§%§%5§ﬁ
101

ARRRERERRS
HEBERRERERER
HEEE

EEESEER
et
BRI N R R

_R
HERE

MEEEEEEEEEEEEEEE R RE R ““3“u
i R

2]
EEEEREEEEEEEEEEEE
EppEEEEEaEOEE R R R
PEEEEEEEEE

EEEERBE

BELE R BRE R R EEERE R BR

8
H 212 ]
EE

2]83188 8%/ 7| 3| 3 A BTSN 5| ¢/ B a1%| 93]S

gl

HHEE
<| (3123

FEEEEEEEECEEEEEEEEEEEEEEEEEEEEEEREEHEEEEEEEEEEEEEEBEEEEEE8EEEEEEBEEEEEEEEEEEBEEERRRBRREER BECCSHERE

0
0
€501
3458
£951
4928
oy
98
0508
3
229
0%
¥a1,
Hi3
081 3101
3 Zios
£ [or01
161 6201
(11 [T
108 o571 o1 188
08 Tt v %8
900 I9E) [ T )
0T 3 056000 006 [ 3 068
=2 £V, |0G0000'008 3 PO GI 508
Z1 T5T 991, 000000008 [ OF 9l9
{IX ¥6T % 0000000 S £ 1115¢
e vor 58 o 000000 004 | [ore
CIX Y o) 000000 008 [ Oi 509
HX 115 658 Iy 000000 0081 Z 529
[1X (D) Tve Y Iy [GO0GO00 D% | oo 819
EX VoL 168 i 060000 OON | o, 59
ZZ oL [067 (000000 00 T 569
Tz o €08 iy iy (006000 006 | )
£X 61 o5 by ’y 000000 008 e
X ¥E0L TLL iy iy (006060 Gu! G5
o 9 062 iy vy 0065060 064 05, 1)
YT ¥z B 5a1 WOl W0 600000 006 0% e
¥z (2 691 o€ iy, 666000 004 . o
v 1} ¥SZv 76 09 iy iy 660600 004 B3
) 1Y = g 09 iy i 066000 009 155
01 (X 929¢ TEL 03 iy iy 566600 007! 3
H HX 5] Zry £ by iy [6G0G00°008 {73
10 10 VoL V) L] 5] 6600007006 ¥
k23 2 B0} 162 Wyl 60600000 ovs
It I 1343 Y9 09 iy [66000G 008!
) 2z Z¢ W2} iy 000060 608
By (Y oyt o 000000 0
v T Z9EL 7] N 506000 00W |
3 3 [z =2 006000 008 |
60 €00 158 787 000000 008
0 600 £ (] 006060 008
o 00 699 Es01 606000 GOR |
20" 200 08T, 02 000000 003 |
0 100 ¥ii 2501 GOGOG0 00% |
(1K 150 081 evi Py (060000 004
G} U NIDN]_ 8V IDN| Ve Mvds Wd|  iNi INNSSV[S5V1D WHOMIIN|SSVID ONNJ|SSV CWNTEITSE]

Gl R e LR R L TR
B e

R
e




102

000000 $ 3401 | 13 [ X 1 N [ B[ #¥]000000'0 009 %
000000 TY¥0! X [} 002 N VY| By Wv000000'0 000000 001} 000000
X S¥ HX [ 3 N lﬂﬂ xe3| 9] 000000 008 000000 008
000000 8LLL (14 i ¥y uy| 11¥| 000000 008 000000°008 [00000Q"
1000000 §£8,4 ¥ GZ 599 SEC Y| wv| H¥] 000000 008 000000008 000000
1060600 287 (23 2T, 3 23 | VY] U] 000000008 500000008 (000000
(000000 SOFi 500 [$00 2001 9601 | v H¥| 000000 008} 000000 009! 1000000
000000 SKE08 650 &5 208 21 Hid Hid] Hid]000000'008) ©00000 009 | 000000
000000 £SZE | 65 65 Z9L) 4958 5 by Vv 000000 00T 000000 009 000000°Z
000000 4 82E 1 E3 &4 508 Z023 MYy Wy V¥ { 000000 008} 000000003 | 000000
000000 69T08 90 " es ¥) VY Y 000000 00% 1 000000 009 000000
000000 3213 iz 2 9L Tri Wy 000000 0091 000000 008! 1000000 ;
000000 $L5! X ¥E0 - ows 2601 000000 0% 1 000000 008 000000
000000 47108 X X £ETS 000000 00T} 000000 009 000000
000000 069 45 45 i 9043 000000 008} 000000 009 000000
000000 €97 59 X 8¢ Eil 000000 009 | 000000 005 000000
000000 €200 EX EX US0b 000000 008 000000 0 000000 |
000000 999 A |OF ¢ 0200 LY | 000000 008 000000'0 000000 |
000000 6599 EA X o8 LY [ 000000 006 000000 0 000000
000000 9099 OE e S903 LY | 000000 008 0000000 000000
1006006 5002 T U I u _ 5[ 000000008 (000000 006 000000
000000 665! CA e 313 05T ad Y| MY { 000000 008 000006°008 000000
| th EX 607 " 1Y | 000000 006 000000°008 000000
Vi 20 20 [¥:3 HY| 000000 0083 000000 009 000000
3 CIX [IX |0%F Z99 1Y 1 000000 009} 000000 00% | 000000
X CIX [IX 113 8Ly 1y | 000000 008 00000 00¥ | 000000
S H £ &Il 00% LY { 000000 008} 000000 00%| 0000007
1 ] 156 [ LY 000000 0085 000000 008! 000000
vil el HY | 000000 00% 1 000000 00% | 000000';
O] O 528 220} B[ 000000 009 000000003 | 00000
ca e Y| 000000'00H3 000000 009 000000
0 9! 73 1) Y] 000000 008} 006000009 000000
V9, V[ 000000 000} [000000'00% (000000
3 RiL V¥ [ 000000 0083 000000 008 | 000000
859 968 000000 008} 000000 009! 000000
919 3] 000000 0093 000000 008! 000000
[ %) 000000 0088 000000 008 | 000000
189 949 000000 009k | 000000 008 | (0000002
3 205 RoD} #9D] 000000 008 | 000000 D08 000000'}
907 (g il WY | 000000 0 000000 008 | 0000007
89y V] 000000 0 000000 008 000000
801 M| 600000 009 000000 008 | 000000
1008 1or V¥| 000000 008 000000 008 | 000000
OZ}h Ry Vy| 0000000081 000000 008 | 000000
EOEL HE) V¥ | 000000"009 000000 008 | 000000
243 ZE [ _..uu ﬁ!w (000000 006 000000006 (000000
2IE 919 MY, Cad ¥v| 000000 008 000000 006 000000
019 (1713 v | 000000°0098 000000 0% 000000
28 6811 My 1y | 000000 0042 000000 008 000000
9042 290} VY Uy | 0000000042 000000 003! 000000
1922 e Wy VY| 000000 0042 | 00000 008 0000002
9042 Z0}) iy V| 000000 0042 0000000081 0000002
Zh2Z) VY 000000 0094 000000 000000 0
€051 000000 009€ 1000000 | 000000 0
91 My MY | 000000 009E 000000 000000 0
CED Ty ¥ 000000 00FE. 00000 5600000
08L) Wy 000000 009 000000 000000 |
¥59) iy 17¥] 000000 00T 500000 00005
593 E9) N -vﬂ ) #00] 000000 006 000000 008 000000
Sryl 3 ﬂ | MY MY | 000000 00 £ 000000 00L8 000000 |
EID 108 . WY | 000000 0091 000000 0042 000000 |
5424 [ioiT i by VY| 000000 0094 000000 0022 000000 |
251 1713 1 000006 0022 000000 0012 (006000
2 Coa My V¥ | 000000 0024 000000 0% DO0ODD '
=4 (4 09 2] 03] 000000 006 000000 008 000000
S5 23 ) ) 3] Wo0| 00000 008 000000 006 000000
90T ZSE ) #9331 000000008 000000 008 000000
215 Z9t i 10| 190 #2531 000000 008 000000 008 000000
(33 [ i vl UV] V(000000008 (030000 005 000000
L33 00Z iy ¥ { 000006 606 00000 008 060000
vl Tl 09 Hy V¥ 000000'00R} 000000 009 000000
SI51 26 () iy 1v]00000G 0041 000000 005! 000000
567 5066050 000000 04! 000000
£6Y 000000°0 000000 008 000000
{1 0000060 000000 008! 000000
LSEL 000000 0 000000 008 000000
0991 000000 008 000000 008 000000
G 000000 Q. 000000 006 000000
SI51 0000000 000000 008 (000000
53¥ H_ 931000000008 [000000'008 [506606"
i (753 o Uy [ 1V]600000 0081 006000007 000000
) %05 UV [060000 608 000000008 (600000
799 3 ¥ | 000000008 000000 008 000006
%0 Ty, V| 000000 006 060000 008 600000
i Tirv 1y [ 060000 008 1060000'006 00300 |
Z) 165 17¥{ 000005008 506000 008 000000
GH 3 000000008 000000 008 1000000
Y3 2€4 000000 006 000000 008 000000
45§ o8 000000 008 000000 008 000000
o 564 000000 008 000000 0081 000000
029 [} 000000 008 | 000000 008 000000
049 €99 000000 008} 00000 009! 000000
ou 1i6 000000 0094 | 000000 008! 000000
6L} 208 0% 000000 0094 000000 008 1000000
ool £ 09 DO0OOG Q0% 1000000 0091 0000002
(13 i3 1 000000 008 000000 006 000000 b
a3 1 000000 0094 000000 008 000000 %
{3 a3 | 000000 008 000D 008 000000 3
(30 WA | (000000 002 00000 00 (000000 €

ARRREAREEEE EEE N RRR e B R R R ERE HE R N R R R AR R R RERR R R R R AR R E R BE BB R ER R E R EREE R B R BB ERE RE EEEER
zzg§§§§:§H§§ssssa§§E§§Eagan:.':nna::4;:x§§5§:.§?.:.:::.§Eaa:’.§§%ssss::ﬁ%?g?:ﬁzzéegg%:ﬁ::::#:§§z5#§!33§§ BE




HERERRREERER
B P P e e e A S

e
olofa|

BEEARR
EEEEEE

EEEEEsEEE
REEESEE

£ fto 13 L = (T
S0 st0 D ETTY 08 ST "
=xJ D [szov 502 oo
50 0, Srer ZotL 3 L A0
X £ 1) Zeer (3 SRR
X o 8181 wevi 3 L0
17 197 SEEL SYPL o EL0
[3 T TOEL o591 [oF ] [
I3 4C1 =3 282 i) [
OF X Zii (3 (3 it [
0L oL o9tt 5598 &3 o] (3
A i €5 G4 06 Cilad] ()
EX EJ EIn [00YZ 05 TR wew [0
or X ST5 G =l
Tz 24 167 0941 oo
42 42 [00F 9SE Y Jo
2T B V5V ¥ UowAor [0
810 [] $iZ | oL )
800 X Ay oy
XX 13 Y Sy 1
RR[0
il [
okl [

Ve
o

o,

L

[

BEEEE

0 [
5131315l 5l 5515l 5 5518 3|
LI £

SlslElsizls

EREEEEEEEE
EHEEE EERE

SIREIAN NS gle o9
als

SRERE

RS
ololololo]

EEEREEE
sjolslela

EEHEEEER
Slolala

.
M ERERE R RN RN

=
3)z|glxix) |l 3l3|3) 5] 5 5l 5 53

REEREE
slelsle|s]q]

BEEEREREE R R ERRE R R AR B AR

NEEERREEERNER
HEEERBHERENNS

CERER

EEEEEEEEEEEBEEEEEEEEEE

EEEEREERREREREEREER
ajo

HREEEREEREREEREEEER
1 B R S P Y e O 4 1Y P s et

8121132813 =1 =il B K sr ) el ol sleiere

HERE
hIE

DR R e R R B R PR AR RS

1
gzt

2313513151512 5 & b-101 04 1810 B b M

S§

2 B3 i
(X o i
LY (X o
KX v Sl
0 Y0 1 T
(X o 1 i
X iy S
i i Sl

REBEHEERER
ole]slo|ololo|o]als)

6191813] 515121 %)% %6131 5] 81 5] % %2

ClE G EHENREREREEN
CEGE Slofolals]o]o

SR o s S R e R

2185l 2| R 81328 | =] 2=

EEREREEREEER

QR EREEREEERR
G Y B E R b P 2 e e

HuE R EEESEEREEERE
BOCEEEEEORERE

BIERR
o|ojo|o

RARRARRNRR 3
3555555555555§§§§§§§§
09| O

ECE
ials

oloeea

S

EEEEREEEEREREER

[EEEEREEEREEREER

BB ER G R e e R e B R E s B BB e BB R B e S EaE R AEEBEBEEBEBEEEE8EEBBEEBEEEEEEEEEE EREEBEBEREEEEBEE8BEEEEEES

L

C T e e

)

L L

3's| 2
FEEE
.:==§§§§
= S B
EEERRERE

o|sls|slslals

EEEEHEREE
S{5{5|5|s[6|5]S;

ﬂﬁﬁa§3§§§m§§§§§§52§§§§§§§§§5§53§§5§§§§

HEREEE

103




HEGEEN

17¥| 000000 001

IGRE

-
315151318l 5|5l sl 5)3l 5l 51 3] 5l sl 5l sl vl v wi wh sl g
&

L
PP e

EEEEEE

BEEEEEEEEEEEEEEEEEEE

2
o
=il 2

Rig|2|RIRIRIRIRIRIR]

o

slsist 838 slxt sl s slel sl sl s ol 5l 5l 5 5l = 3 )l 5]
<[00l 0]

3]3[2]32[3[3] 83| =i <[ 3 2|2( ][] e[ e[ <[] e }%| e %] 2| ] 8] 28} 2| 2| 8] 8 2| 3} 2| B[ 8] 2} 8|31 3} 2] 3| % 7] 2] 8] B 3| 2| 2] %I %] 8| | 2[ 31 8} 2 8] 3] 2| 2| 2[ 3] B 31 2 3] 8 3 13| B[ 8 B 2 B} 3} 2 [ 3] B) 3 3 2/ 2 3) 8 8 8| 81 B/ B

e

e

51 5| 3 5 8 8|

EEECRr ARERRRRRRER AR RRA R E AR RE R O R R R EE N R PR =
FEEN e RN EE R R EH B R B R R E R RE R R RRRE R R R ER R R ER R BRI R R EERERE
51515(315(515(2]51 8|22 (2(321213) 8 8[2|8 28 S E M IR MRy MR Alae FREAahty

104



a
FEEEEE

HEHEEE
EREERR

HEEEERHERES

5131312

B

ERHEEERRERERRREER

21212\ 2| 2| |51 816]8)
CO0E

2

REEEEEARER
RNREHEHERR

REREEER R R R E R R AR R
=|813]8-1 2815/ 8/ 5] 8 81 2181813181588 8121 BRIy =[BRS
olo]o] ol ol stol o] ol ol o] o] of 0| olol ol ol el el | o] o]elel|s] sl al o]

EEEEREEEERRE REEEREEEERERRERE
EEREEEEEEEREEEEREEEEREERRRERRR
5|olols|aleio]al

APLEEEDE EEEEERT T e

BREEEEER
RRERRR

FEERERBEREERE
ololaloldlololotalo|ofs]o

CEEREEEEEEEEEEBEEECEEEBBEBEREE

BRERREEREEEERRERR

EIREE
Slofalo)

i HEEREN H AEEEECEEBEEREEEREREREER
3 3|31313) 8 £ 3] 313 31 2 3{ 3 31 3) 8| 3{ & 33| 3131 2 31 53|31 31 3 3

SEEE AR NHAINI S 32323
Safofololefolels) oTele]

3[213{3[8] |

BEEEEEREEE R ER R R R RN R R REEEE

REREEERRREREERERE
sjolols]e]s|o}ele|oloio]sls|a]s]q|

;32553355 ylsls]sls|s]

e R R B SRR R R e e DR E R R N R R

EEPEREEEREERERRR

§ 33 21 <] 2] 2/ 2!
gsiggggggggxiéllasn&‘<<>.> zlzlztzl 2|zl 22! 2]
213/ E|EIE1814
131 3|31 230 ¥ 39190 31 9] 2193131 3] 3
CORCECEERECEEERERRaE

HEEBEE

B P R R B R B R B R R B e R B R e EF PR

EEEEEREREREREE
[ D b B b B

ARRAR
LEERE
HHEY

Sleldleio
EAEIESEIES
EEEEE

BRER

2i8l= v glsiesisialalo|elgiae
sjals|olsla]

2l

kKRR

EEE RS E R R R B B e R R R R R P R R R e

FEEEENEE
o|oloio]o|s] o

35

e ettt e e ettt L L
HHEREHMHERE S EERR RN RE N R ERERR RE AR R R RO HERR R RS

==t 5l3| 33313051 5 5]l 5l sl sl =l =l

333333538

HHEEEEN

EEEREREERR

G

L e
Bl T

L T

CE e R EE e R R e R B e e e e e R e BB EREE E P B8R R E B B0 BEEEEEEEEEEEEEEEEEEEBEEEEBEEREBEEEREEEEEEEREEEEEREREERER

RS R EREEERRERER
olo|

EEERRERREERREER

o]eoiolslololololola]o]olo

{EEEEERERY
3/314)313)3/3 31233
HEEREREEEERE

BER TR (2R

EECERE

BEEE

105



106

500000 & & BiEs W] V] 500005 008 (60000 008 600000 (605005 606000 06000 End] iiti
3 (X X Vit It o] ¥ [00000G°008 (000000008 00000 (000000 (060000 530000 Ean] 7D
(00000023 EEY i ¥ ﬁ ¥ [000000°008 [000000°008 [500000" 666000’ 606000 000000° | (0D
600000 1 ¥ . o 160 B2 (060005 008 [000000°008 065000, 000000 (000000 600000 i €20iE
000000 8115 o fezor ——[zs v 000000 008 (000000008 000000 (000000 (060000 606600° L ] g
(GO0000 S {64 GX X 1003, V¥ [00000G000 0006000 006000 000000 000000 600000 gl (T
550000 50201 v X 5600 W] i ]000000°008 0360000 1000003 (000000, (000000 600000 Seg 1 [
500000 §5£0 [ oF 124} Y| [66500'008 6000000 036000 (500000 [600000° 666000 Lte) [oXTiT
000000'$ PE0 zr Y Ith ¥ [00000G008 [000000°0 (006000 636000 606000 600000 L) V6
0000002250 EIX 91 2433 17y [ 606000 008, 0000000 606500 000000 6000000 1 g wsesindli oy (103
600000 01 00 007 27 000006 008 (060000608 000000 GO0000" [000000" 000660 TErEd Si0t1
000600 19108 €0 X Y i 000000008 000000'005 506000’ (G0G000" (000600 (600000 2% tid T20v1
000000 92508 (3 79 oF (000006008 000000008 600000’ (000005 006060 000000 (AT ZEoTT
(600060 96608 59 99 SIE (X 50 (000000006 [000000'008 (506000 600500 000000 000000 2 §d) Zo01 T
600600 5E108 5 GX (213 £ (500000008 [000000'008 600000 (000007 000000 (000000 122 8| TI601
000000 #7506, 0 96 [ z 665005008 [000000'005 (000000" (000000 000000’ (600000 V22 b v2801
1000000 05908 (Y X3 vic it 1 030006 008 666000608 (000000 500000’ 000000 896000 TZZ 8d| 51500
(000000 L9608 65 & (3 55 | 000000006 (000000008 (006000’ 066600 636000 (000000 122 Bd| Ge60L
(630000 £¢508 ( C3 i§ 1 000000008 000000006 (600600 000600 663000 (00000 01z ud V601
(GOG005 69606 Sv BX T6Y 73 §d ¥a| 9000000006 (000005005 500000 (000000 000000 000000 YOL b E
[00G000 55+ B4 EX €17 oY, V] ¥v| 000000005, (000000'008 556000 (000000’ 000000 000000 el Y5908
(000000 §5¥0! Y i covy T 000000 005E (000000 500000° 606000 (060000 S| 56501
(000000 ¥ZE0) oL [IX [Ty 1V 00000C 00/Z. 60000006 (000000 (00000 606500 000000 L] ¥6501
(000000 T4 01 ot 6% wouL 1Y [ 000000 009 000000'009E. 600000 500050 (000000 000000 L] 6501
(0000000 €3¢ (X X 270 17¥| 000000 009t 100000000, (600000 (000000 000000 (000000 “owod 26501
(000000752 (X oF 3 000000005 060005 009%. 1000000° (600000 (000000 606000 g 55501
(000000 8Y; (X B £I743 000000 003E. 600000 005¢ 606000 000000 (600000 B60000" o) 99501
1000600 0F EX CX (3 000000 009 (0000007009¢ 000000 666000’ 606000 000000’ “owved 62601
000000 Z) 507 60 Z01Z 000000 009¢ (50000000, (000000° (600000 000000 000000 a%g 12001
1000000 2296 EX EX 5522 000000 00S€ (000000 009E 606600 000000 000000’ 000000 o) i)
000000 9265 o (X 0T 000000009t 600000 005E (000000’ 000000 000000 (GO0000" Liar) €reor
000000 £66 o0 £ (1 000000 003t (600000°063E (000000 000600 000000 006000 ial) Zyeor
000000'9¢68 50 50 23 000000 G03%. 500000 009% 000000 600000 000000 000000 L) i)
000000'59.48 G C VIV 000000 009K, 600000 00SE (000007 000600 000000 606005 Lar) 15908
500000 6426 G 3 £ (000006005 60000G003% 1000000 000007 (006000 000000 i) B
000000'00/9 O G [X53 [000000°009% 000000 009 660000 (000000 (000000 060000 AV #Tog EXD
000000 2029 o 70 65%¢ [000000'009¢ (000000 009E 006000 (000000 600000 665000 WowpBa[6[¥60 _ [/oi0b
600000 ¥01Y 3 607 1962 000000 009 600000 005 (000000 030000 006000 560000 L 10901
(000000 E01Y EX EX C4i3 (000000 009€ 600000 009E 006000 060600 006000 000000 L] GO ) 60901
[GG0000 THY. 20 70 600E. [000006009E" B00600605E 000000 (690000 (000000 (000000 L] O ) 99201
(0000005674 50 £ 173 [000005°005% (000000005t (000000 (000000 (600500 (000000 Lir) X €901
(000000 22V 50 £ £ [00000G'GOTE [00G000 609t (000006 [000000' 006600 (000000 Lincr) COR ) Vo101
(000000 04¥4 () G SI9¢ [000000°005¢ 000000 009E. 000000 (000000 660600 (000000, LT X 01
(000000 8994 E %0 SI9¢ [000000005E 000060 00SE. (500000 (000000 00000 (000000 L] X z9i01
006005 CS a1 EX 60 TS0 V1000000 003E, [000000'009E. 600000 000000 (000000 (000000 on5d[0 " [60 76901
000000 WS, EIX [0 0/E2 600000009 [50000°00% 1000000 000000 000000 666660 L (O ) VEI01
000000 S5 L. (X i (323 606060003t [000000°009% 000000 500000 600000 | 1600000 Snoal0 110 {icios
(0000001 192 £X 50 60k 000000 00Tt 1000000 009 560000 000000 660000 1000000 Womimglo_ [600__ [Z1i0)
[G06006 2152 1% X e (000000 009¢. 000000°009¢. 500000 1000000 (000000 1000000 Ceora ) (O GO (1Y
(06000 2762 50 50 413 0000000022 (000000 0C; 500000 1000000 000000 600000 i) SOI01
(00000 TYEZ, 900 900 [ 600000'0022 100000000, 1500000’ 000000 (000000 600000 foialil] 5001
(500000 90208 EIX W'D 1101 U¥{ 600600 008 500000606 (000000 660606 000000 600000 L] O ] ¥1v08
000000 76106 53 23 %% V[ 660000 608 (000000 006 (000000 000000 000005 600000 ¥Ewog €1901
500000 58106 (X X [53) V[ 600000006 000000008 (600000 (000000 650000 (060000 o] 21901
066000 69108 607 3 ) V¥ [000000 006 (060000006 000000 (060000 660600 500000 SEewod 11508
BG0000 192 €0 50 2433 V¥ {G00000 0022 (00000000, (000000 060000 600000 660000 bl G200
(6000002681 X X IV [ 000000 009 506000°00E. 600000’ 060000 000000 650000 #wiiog YOI01
566000 22V4 10 10 163 u } 660660°605 (600006006 000000 660000 (600000 600000 | 22501
500000 9Z51Y 60 607 508 | UV {000000 00aL 500000°007 000000 600600 600000 566600 P Svind 19508
(000000 52581 (1) X B V¥1 000000 0091 [000600°00% 000000 ; 006000 G006 E 000000 Z. P Rivad 0a50%
(000000 STEZ) % 1 £aa v} 000000 008 [000000°008 000000’ 500000 000505 600000 P W [
(500000 ¥9¥0) CX 3 C) 000000 00HY 0000000 (000000’ 606000 000000 ¢ (650000 AV 100 SES0L
(600000 1170} & 62 T6vy 0000000022, 0000000 (636660 (000000 000000 000000 E) 9€501
500000 S269 X (X 1962 (000000 0022, 00000000, (000000 000000 000000 000000 waqwed| ostor
000000 €659 A 23 3 060000 0022, 000000 0022 036600 060000 000000 000000’ ToRwe| 01 %01
0000 9599 10 10 £ (6000600022 50006600, (000000 (000000 600000 000000 TORWhd| 20501
(000000 50008 [ G3 (31 Y [500000 0022 (60000000 (000000 660600 000000 660000 ¥R ¥i701
1000000 1008 ¥ L3 4 W[ 0000000022 600000°002Z (000000’ 660000 (000000 600000 FiRued) ivor
1000000 20008 o 1 V¥ [000000 0022, 60000000, 060000 500000 660000 B0G600 Vorquied TEvor
500000 90008 wre V[ 000000 GOLZ. 60000000, (655000 (600000 666000 006000 woRed| Sivor
[000000°SEYY 0567 VY [D00GB0 D0L2 66066606, 000000 (600000 000000 000000 S| 10V07
000000 5Z6€ 05T V[ 000000 0022 (000000 0022 600000 600007 000000’ (000000 TR, D
606006 5228 I B V[ 000000 0042 00000000, 660000 (000000 650000 (000000 d 06TOT
000000 2% 629y ] IV [000005 6022 B00000 0022 (006000 600000’ 660000 000000 WRGeA[o_{jo6 ___leetos
600000 6057 [hisz___ v ¥ (000000 0042 (000000 00. 000000 (606000 00GG00 563000 Somiisg G
600000 10%0 [oocz ] ¥[000000 0022 1000000 00. 1000000" (000000 060000 600600 SURIS S6v01
BOC000ZITY [eeve~Tai UV V[ 000000 0022 506000002 660000 (600000 063000 000000 e, SBE01
050000 9099, (3 2 Y[ 0000000022 (66000500, 000000’ 000000 (000000 (000000 wRwe, o901
500000 6921 oz i o V[ 500000 0022 (000600 00, 000000’ 600000 (000000 000000 i Y01
(000000 02008 [loit—Isi By 066000 0022 000006 00 (000000 006060 (000000 (000000 v ()
00000015008 [y [ts T 006000 0022 100000000, 000000 606000 000000 (000000 SuRweg| 8ivaL
00G000ES [tz | iy 6000000022 00000000, 000000 600000 000000’ (600000 S| CLE0
050000 19008 [loie s 000000 0022 00000600, 666000 000000 (000000 560000 SuRUed| G2VOL
(00000 T9t, 7 I— ., 660000 0022 50606 00. (000000 600000 (000000 100000 o] 29501
(60000059906, z by 0606007006 (606000°068 (000007’ 000000 (000000 (000000 L] 52901
000000 65¢ ﬁ vy (603606008 560000°008 000000’ 600005 (000000 000000 L] IvoL
660000 62 [sesr | i [00G00G 0022 00060000, 600000 006000 000000 (000000 g 6560}
600000 1 Jeszz_—__Jots Wy 000000 0022 B00000° 0022 (000000’ 66G000" 000000 000000 SR T9t01
600000 297, %51 [ iy (600000 0022 7100000600, 006000 600000 500000 560005 SO | G0
600600 1225 B iy 0000000 (006000 008 000000 500000 (000000 000000 wBgamegll 1150 |itZol
000000 1 7! by 0000000 000000 00%! 000000 000000 000000 000000 ) DS 2 1T
0000001 9T08 ] B 6000000 000600 007 630000 000000 560060 556600 pidls (210 . [6tz0i
0000 V5 z 0000000 1000000'00% 600600 000000 (000000 606005 pinieg L)
000000 S 9. 3 50| H55] 000000 006 000000'008. 660000 000000’ 000000 (000000 AgVwalo (9t feziol
(000000 96£2 °3]__Wo0] 000000°006 [G06000 008, (000000 600000 | (500000 (000000 W] 66001
[G00000SZF08 SiT 3] " ¥eD[000000°008 000000006 (000000’ 660000 | (000000 606000 L] 16101
(000600 SY5E1, 65| %90 000000005 006000 008, 600007 000000 800000 060000 g wovg] Yo10
(000000 ¢, Z3] o0 000000 006 [G00000006 (560005 [0O0000" (000600 000000 XAl ] €800
660060 §9¢ 0 o3| 100[ "~ #°D] 000000006 000000 008 000000 | 600000 | (000000 000000 M AV vopuTd| 28001




GO0000 41708 (] 3 (2 L) Sy 500600 500000
(000000 €978 ) ] 2 ] v 500000" s

92508 13 or Wiy Ty 560000" 600600 |
(005000t 9908 13 22 T o] 00000 Ere
600000 G£.08 v G (52 Coor) Fury 000000 000000’
000000 EE 1 5 ) (2 L) Sy 000000 000000’
(000000'GY {08 = (X (52 o) L) 500000 000000
000000 22508 X " or L) Tavy 500000 000000
000000 £9108 V7 14 (2 L) Ty 60000 000000
000005 F7¥08 13 1% oF Favy Ty 600000 000000
000000 Y5708 2t e oF Ty vy 600000 | 000000
000000 SY¥08 X EEX ov ey vy 000000 600000
[00000G°15.208. 0 ot 2 Gy i) 000000 000000 |
000006 95208 £ w oF Ty ] 000000 000000
000000 15708 i 57 o7 Farvy ] (006000 000000
000000 59106 3 157 ov Fiv ] 000000" 000000
[G00000"2Z008 0T ol o auw, EL) 000000 000000’
(000000 /9406 X [ o L GTi) 000000 000000
500000 6508 197 7 oF L divy 060000 | 600000 ]
000000 95008 EIX o o5 CRG W 606000 [000000"
GG0000'0E206 1o 0 oL o1 Hid Wid 000000’ [000000" L
00000025106 CX 3 [ 00} Rid Wid GOR00°Z 000000 H,
000000 ¥ & ¥ oL foat Hid Hidl 000000 000060
0000 20508 3 = oL 001 Hid Hid) 0000002 000000 WL
000000 {206 X BX o 00} A1 Hid] GO0000°Z 000000 HL
00000 % 3 i3 003 Hid Hid| 000000°Z 000000 WL
(000000 G1508 e [ 061 Hid Aig| 0000002 006060 M
000000 Z| (X o 001 Aid Hid G000 1000000 L
(000000 £1 06, %0 Ll 00 Hld hid) 000000 ; 000000 H
[900000°1 0506 73 7 001 Hid Hid! 000000 ; 600000
000000 41 108 o G 001 Hid Hid| 000000 600000 WL
0000000} 206 X 6 o0t Wi Hid) [G00000" 000000 W1
000006 Y EX EX 601 Hid Hid] 000000 000000 Wl
(00000022118 = B ) Hi Hig| 000000 066000 SIUL
[0G0G00 I ZE18 50° Ei 001 Hid ALd] 000000’ 506600 SLHL
[G00000VFE1S, 571 X GOL Hid Hld| 900000 650000 HI
(0000001 /£08 3 E3 001 HL Hid] [000000; 000000 il
300006 E5508 Gix W % o8 001 Hid Hid] 00060 000000 RI
000000 S¥200 X [X o Cay Wid Hid| 000000 (000000 Hi
560000 05208 X (3 60 % CD Hid Hid| 000000 000000 s €5 AL,
G00000°Y90 CZ 3 551 0oL Hid Hid 000000 600000 Wi
000000 660 Zor wor 5 o1 Wid Hid 000000 000000’ Wi
000000 P EX (X £ 001 Hid Wid 000000 505000 YHL
000000 43108 Vo ] 001 Hid H1d| 000060 660000 TH.
000000 £ 3 o z 001 Hid Hid 000000 060000 THLd
000000 91 108 (2 0 CD Hid Hid 000000 000000 ZH1d
000000 97208 (X (X o [ ) 001 Hid Hid 0000007 000000 V01 H1d|
000000 9¥206 3T T o B 001 Hid Hid 0000002 000000 310 Hid
000000 25208 |4 iz ST 65¢ ) 001 Hid Rid] 0006007 606000 1oL Hid|
50000 57508 I3 Z 3 3 o1 001 Wid Hid 6300002 000000 1oV Hid]
(0000591508 (X (N e vosy o1 001 Hid H1d 000000 000000 101 Hid
[G00000'SZ 206 E BX Zeer £ oo1 001 Hig Hid 000000 000090 VoI Hid
(000000 22206 v vz [E) V9 ooL 001 HId Hid 000000 600000 Toi Hid
(000000 21508 I 3 2261 vZ§ oor 001 Hid Wid 000000 1000000 1oL Hid
(60000 2106 Ed EX 651 EX3 0oL 001 Hid Hid 000000Z 000000 101 Hid
(0000051 208 95 X <63 (1) ) 001 ¥ild Hd| 000000 000000, TOT Hid
[06060G'60208 W or £l zon oo 00} H1d Hid 050000 000000’ 1oV Hid
000000 92108 23 ¥ Ed) oot Go) Wl Hid 00000 000000 ToUHIg
(000000 §#508 ) r0) o0 Tot 00 001 Hid Wid 606000 600000 101 Hid|
1000000 £€408 B < [ae oor 001 Hig Hid 060000 000000 101 Hid|
[G66600 #9206 3 3 Y13 (112 501 001 HId Wid 000000 000000 10} Hid|
(00000052208 E3 EX e 528 001 001 Hid Hid (000600 000000 104 Hid|
000000 C9¥08 EX EX 129 YT 001 001 Hig Hid| 066000 600000 193 Hid|
[000006'50208 X EX i) (1Y) 001 001 Hid Hld| 000060 500000 101 Hid|
050000 V52 200 11 ¥ 7501 ) 001 Hid Wid] (000000 500000 101 Hid|
(000000 V552 S0 507 001 IOk £ 001 Hid HId 000000 000000 101 Hid
000000 G5 V08 3 w2 [0y (1t 06 061 Hid Hig) 000000 000000 1Ol Hid
000005 95208 50 EX G 3 5ot 60 Hid Hid) 000000 060000 001 Hid
000000 T3 08 C) (X o7, 52 60k 001 I Hid| 060600 060000 001 Hid
050000 908 E3 50 2 2 [0} 001 Hid Hid) 000000’ 000000’ 00} Hid
000000 65906 (23 (3 028 001 008 ALd Wild) 000000 000000 ; 001 Hid
000000 {08 EX X €S | 001 00T Hid Hid] 000000 006000 001 Hid
000000 05108 (3 GX 707 Tiv 0oL 003 I ALd) 000000’ 006000 001 id
000000 75 13 OX vy G 001 I HLd| 000000 606000 001 Aid
000000 90206 EX % 50 EJD 001 001 WL Hld] 000000’ 600000 663 Hig
606600 64108 X BX %5 15 oo [ HI id| 000000 G050 oL Hid
GO0000 T3 108 (3 & o 699 aor D W, Hid] 500000 000000 001 Hid
000000°29108 [ (X 9 20 oL 00} Hid HLd| G000 (000000 001 Hid
000000 99166 () (X 0% 1% 001 003 R ALd] 000000 000000 001 Hid
500000 11 ST 73 %9 toL [ 663 HL Vld [060000° 606600 001 Hid
500000 9} 55" 55 056 Y001 001 001 W Hid 000000 000000 001 Hid
000000 51 23 5 G 2001 001 001 HId Hid 000000 (000000 00 Hid
600000 ZF1 08 FIX EIX 759 (3 001 0oL HId Hid 000000 (600000 001 Hid
000000 EE106 i X 153 £ 001 oot W1 Hid 0000002 600000 00} Hid
003000 6€166 EX £ 06L [} 001 601 Hid Hid 000000°Z 600000 06y Hid
G000 75 Y] X 1 215 o0 oor Ald Wid 0000007 660000 601 Hid
000000 9 v v V6L ) a1 G Hid Hid 000000Z 660000 S61 ALY
606000 £F018 [ 3 95 =) 001 o1, i Hid 000000 665000 [T
000006 €0206 3 ri¥] Ca %9 001 00} Hild Hid| 000000°Z 000000 01 Hid
000000 GF108 X3 L3 EX YOt Y I3 EIY: HLd] 0000007 500000 001 HI.
0000 0108 5 Ed 21 (1) ) Al Hid] 000000 000060 W
663000 25206 50 50 E (8 D Hld Hid] 000000 500000 L
000000 25406 o4 TC 13 cre GO e Hid| 000000 & 000000 W
[000000'65106. 1T 13 oS 158 001 Hid Tild| 660000 506000, W
000000 $7608 o (3 zor 507 601 Hid Hid] 000000 660000 W
000000'S £¥08 E3 52 t () Go1 Hid Hid| 000000 006000 W
000000 ZF0! (7 5 %y G657 D Hid] Hig] 506000 000000 |
(000000 GO EX X i) 243 2 N by 2] 000000 606500 o B Elasc?| I
000000 SU1 71 [ T I607 G 05 | | 000000 (006060 59 Ayowoig |0 |7¢

T e T e

107



108



by by 3 X P wow W0 =
Uy V| 00000G 00V (606000'008 WS|[0 166 o
Y ¥ |00000G 000 (000000'008 3 (1 LX)
iy ¥ [ 000000 00R). (000000 00w Tk 3 £
iy (6906008081, (000000 00 WA is[0 [0 0L
Y [00000G 0091 660000 058 L G oaCT
. aﬂﬂm [00000000% [000006'00% YEWEle (11 TOoRT
% I 505050 003 T 1650 ri¥iT—
W 000000 004 by K| 96 (i3
Y v [ 000000 000 [000000'009 ) O T 70 OO
vy Y[ 000000009} 000000009 PV E[0 [IEAY
(000006002 (50000000, FavmiE[o [0 B0
(006004 0003, 000606 00% W0 [%0 CIE
[000600°0045. [006606'064 Vv is[0 [0 ohIE
[060000°009) 1500600 004 PR UwWIS10 [C00  [IZIt
000606 0041 560000°00% L Gl ) VEIEL
000000 0001 [000000°009 ek lo |t 2
000000 GO0, 000000 004 LTS O A I (1 Y13
606000008 006000658 T slo o I
000000'008 [000000°008 Py SR IS[D 150 {5
(000000006 [000000°008 e E O ) SItY
(006000'008 [000000°000 T is[o [0 EoD
V] 000000 0091 [000000 008 TENTE[0 [oF SEiET
V(0000000022 (000000 o1 Jor ST
VY] 0000000022 (000000t Xy K is] i lon: SEVET
v | 6000000022 (000000’ SLeCIS TR TRy
¥ 000000 002 (000000 WA TSI Jor TERY
000000°0622 (000000 WIRRE [ [or G
G00000'004% 600000 RS o VT
500000 001 606000 o 1 (G ST
G00000"009% 000000 VI IS[1T [60e )
666000 001 (500000 IR 5[ |01 ()
0000000022 000000 DL 30 OF YL
) (0000000043 1900000°00% e 53 O G SoaEL
05 (000000004} [000000°00% TUNT IS0 (17 Eesti
65 (0000000083 (600000 00% ol S G 3 Totn
65 /¥ 000000008} 1000000'007 o T ToRTT
() 11y [060000 0091 000600°00% o, £ DestL
[ (060000008 506000 008 Vour T e
) 000000008, 500000 009 o &3 SRSET
(D 000000008 [900000°006 T 3 )
08 (000000 003% 1000000'00% oy 0 L3
00 (000000 0003, 000000 00% 0 inver
o5 000000 008} [006000°00% EL)
% 000000008 F 1500000'000 Bl L)
% 000000 003} 000000 008! v [L3)
09 (000000001 (090000007 3 Ca)
600000/006 [000000°008 Zece |
() (000000 006 [000000'006 )
0 [GEO000 008 006006008 (33
v [ 00000006 [000000'006 £
() ¥ [ 000000 008 [000006'006 STl
V1000000 006, 66GG00 606 (Y133}
V{600000.0 [000000'00% &zzeh
000000 000000008 0000000 [0000060 ~[0000007 foooooot [ jswwsh |vo __[eteet
000000 0000000022 [0000000 _[ooo0000 __— foooooot  fooooooy ___ { isweus|i [voo [veens
000000 0000000042 Joodooo Jooooooo 0 Jooogoof joopoooy 0 F 0 ISwwsl) ko szt
006000" 506000 00, Z)
[G50000" 000000 0% i)
900000 (000000008 £2330)
[660000° 1600000 008! [22i1}
[000000°008 (600000008 Sizt
0000000 (600000 00, Eeo)
[G00000°G (000000 00 TookT
0000000 1960000°00. (25}
[60A500°0 60600000, TZoRs
660000 608 (000000 008 500%s
[000000'008 1000000'006 (o)
[000600°006 [000000'008 O¥6E1
[ (000000008 000000005 Zew5t
[ 195511 000000°008 000000°008 195t
Y] 000000008, [000000°008 Stoey
| (2] 006 000000°008 G
T G5| #90] 000060 008 [506000°008 VYOI,
oD 450060000008 [606600°006 Svazr
3 ] ¥ G00000 008 (600506006 E7H)
] #50] 000000 08 (600000 006 175}
(3 | iy [ Dv[ 000000008 (66000006 O9921
(73 b7v [ 006000 006 (060600008 €251
b¥ [ 000000 006 [500000°006 €5921
11V 1000000 006 (000005008 WOz
Vv (000000 006 (550600006 2T
v [00G0G0 GOB. [000000'008. Zvaey
7V (500000 006, (000000 006 0
11V {06000 008 000000006 )
17| 000000 '006. 000009006 B
V| 0GG000 006 (000000008 (5]
17V {0000 006, 006000008 B}
V] 000006 008 (600000 006 weozy
3| 006006 008 606000 008 ZE0)
¥ 000000008 [G56000'008 (24
¥ ]000000 008 (000000006 Gl
1000000008 000000006 [000000%___ (000000~ fooopook ___Joooooor 1 wowws|o_(n 6 [Jcser
¥ 000000 006 606000'G08 £}
J 53000000008 [G00500°006 2521
W) Y] 000000 008 (000006 008 avezi
Y| H¥]000000°005 000000 008 2952}
Sﬂ 153 1000000°008 000000006 (244}
W] VY] ¥¥]000000 00N [000000°00% HITL

109




() X3 (X % N -em*‘ W53 W5 000000" [0000G0 008, 060000" 666000 000600 i FVRARWAATD 0T GoTsT,
(000000'6£¥OE. Y] T 650 08 o) ] 1000000 008 [000000°008. 056000 000000’ (600000 (650090 3 0l X0 82051

IR0}, 0 i [ 05 VY| VY| V1000000008 [500000°006' (06000 006000 (000060 050000 M0 [500 §2051

oevol Yo (i) oF: 05 G ] 600600 008 560000°006° (600000 (666000° i 000000° yoorawmio_ 21 G5051
0000002679 2 I€0 05 £ 65 N5 N #53|_T#9011000000 008 1000000 008 660000 (000000" (360000 606000 15 VOO0 0041
G00000°5 766 () i) [ o) [ N 0| V] Tv| 000000306 (006000 508 660000 000007 500000 360000 73 GBI C GZ051
(000006 90Y L X X €oc (=) 05 ] O3] #50] 000006008 (600000°058 1000500° (000000 (000000 (000005 o M Gl
1000000 7458 (X [ D ED o5 ) =) (600000 006 (006000'008 000000’ 160000 (060000 [600000° AV SORCRS M0 _[60 G
(000000 9958 1Y X 1 1 3 3 5] w031 000000 008 000060008 (000000 (600006 (000600 1566000 MG [o10_[azen
6000005246 { X 102 05 05 5 (000005008, [000060°068 (000000 [000000° (000600 (000000 M0t 018¥)
55060081001, X X £34 651 05 03 53] #50]000000 006 [000006'006 [060000' (600000" (606000 000000 m[o_[or i56vE
060000 9959 X X £33 ST¥ 09 by, | 1600006°008 [000000°006 066000’ [000000° (606000’ (000000 723 (Onl ) S56¥E
000000 Z £ X (X i G 05 o 000000 006 [000000°008. [000000° (000600 [000000’ 500000° M0 [or B
600000 2651 SE0 ST 1} %) 09 iy (G60000°008 G00000°008 1000000° (0090000 [000000 (500000’ 2 (O 3 560
600000 9 EIX0) ot 3 ooy [ iy (50000G 008 506600°008 000000° [096000" [000060° 600000 [ (3 CSEPL
00000 19 197 039 5% 08 600600'008 (600000008 (000000" 500000 00000’ 600000° M6 [t90_[zsen
(000000 €959 [X X S¥ Sty 05 (606000'008 (000000008 000000" 500000 000006 000000 2 (3 CIX Seri
(600000 %1 20 X A EQ ) 08 (000006009} (000000 004 606000 [000000" (606600° [500000" LT (G 20871
506000 20, 5 BX [1Y3 692 % 000000 00U) (006000008 [000000° 0060062 600000 Z. (006600 Lol ) (0 X 106¥1
000000 664 o' o [ozr Gier oz 08 500000°00% [300000°00 [00000" 606660C 0000002 606000 L. Lo ) (N 6aeyi
000006 50, GX G2 1501 E1Y 02 08, [000000'0041, [000000'00% [60000G" 000000 (000000 666000 Foms [0 105 00671
(0090001 3 A 7 ) oo 3 ¥ |000000°0041. 1000000°0GY 600605C 000000 (00000G° 0000007 L el (R €13 G
[066066°CS: EX 560 VOEL z8vE (13 3 7| 0006000621 1000000 00w 660000°Z. 000000 000000’ 000000’ B (I 17 £
[066000° BX €70 €581 218 o () iy 11¥| 000000 0OVE [660069'007 000000 1000000° (560000’ (600600 LT (R 06371
000000 682 oF o VEo), [} [ ] (6000000051 [G00000°00H (006000 (606000’ [000000" 060000 L O X 19971
(000000 ¥E2 15 19 €201 13 05 05 by 7Y 000000 006 (000600'008 000000" [000000° 606600 [000000' LY (I ] ()
000000 OCZ: 15 5 1) 551 £ 00 ¥ 000000006 (660000 008 (000006" [655000" (000006 (060000 L e} (O [ (0
(060060 ¥ iz 17 1) 1% (5] 05 vy ¥ [000000 068 [000006°008. (360000 (000000 000600 060006 Lol (I 3 L)
000000 C52 oF or £33 [ 0w 05, [ M ¥O0| 150000000 008 [00000°008. 1000006" (600000 000000° 066000 L) (0 5] ToRvE
(600000 02 X 55 0001 €107 & £ N ] VY[ BY1000000°0095 1000000'003 (500000 1000000’ (000005 (000000 L N 7 6ot
000000 FeYE 90" X 23 S5V 5 WY, Vy[ 17¥]000000°008 (660066°006 (600000 1000000 690000 000000’ Sm[o_ oo vy
[000000 96V 4 X 75T 2y I 05 [5) ] ] ) (600500'006 000000’ (00000 506000 600000 MG {or SHOPE
[00000G ¥ I8¢ 5T EX (i3 You T () | W] IV[660000 006 (606600006 000000 600000 666600 [000000° MG [ i)
(00000601 71 C3 60 B3 ite [ V[ 000600008 000000/006 [000000' 006000 (000000 000000 M0 _[60 [
06606051 €T & £ c2i¥ [osei [£] ) 1000000008 [000000°068 [060060' (000000° (600050 (000000 Mo [60 ovari
000000 €970 OX €1 H3) 05, [666000°0 [60G600°00. 000000 000000 000000 1000000" (L I [ B
(600000 92¥0F Tt E] [500000°0 000000 00, 506660 (000000 (000000 560000 LT Ea
000000 ¥ [} 901 00 iy 000000 008 (006000'008 000000’ 000000 (066000 1000000 L) (I ) I
(0000051 & (o Wi 08 (000000006 [G00000006 (600000" 560000 [000000° 656000 LT (R Wit
600000 ¢.29. £ EX 662 B33 ) by (000006006 (660000608 660000 000006" (500000 (000000 AERRMIG 160 oo
DOG000 54, 25 BX F) £43 05 vy (000005006 [000060°008 [G00000' 000000° 006630 (000000 L) ) 591%F
(000000 V256 3 X S8 o8 09 iy [0060660. [000065°006 (500000’ [000000" 066000 [000000' L CI)
(0000006599 X oo V58 ) ) iy 0006600 000005008 000000’ [000005° 650000 (000000 SR MIL (o7 ez2v
000000°Z595 EX EX VoL () () o 000090°0 1000000006 500000’ (000000 (666000 (000000 Wl o 922¥)
[090000 1001 £ EX 078 ) =3 iy 00000G°0 1000006006 G05000" 1000007 000000 (500000 L (O X E2)
[000000°92E¥, X BX 055 0GC 05 [ 53| (000000 008, (000006 D68 606000" 000000 000065 500000 S AL [T 009
[050000°922, X X 961 () o] U] Uv[000000°0. (0000007006 530000 (000000 (000000 600000 wBmAlY 5T SS5¥L
[G60000°¥6%. X P (12 ¥ze () | v [ 000005 0 (000060508 [600000° (000000 (606000 [000000' BALL 2 EETL
(000000 £5208. (X X 73 F573 3 v | bV [ 060000 0GRL (000060004 (066000 000000 Z (000600 (000000’ Rrowan o jor B5Y
566000 S X X (2]} 120 [ iy ¥¥ 000000 0¥ [000000°00% 506000 000000°E (000000 (000000’ LR [ 3 co5vs
(000000 821 3 3 (3 o5 05 ; (000000 608 [000000°008. (000000 [600000" 000060 (000000 L) ) Cia)
(000006 974, 3 02" €0 (33 3 ) 0V 050000 006 306000008 [000000° 1000000 600000 [000000" 5 Opoh, 0Z" 05v71
(600G00 F5L0 [t3 17 55¢ 1} 3 ¥} 000000008 000000008 (660000° 660000 000000 [060000" AY SpER, 3 LD
000000 G2 | 1Y X E25] T8 (] [500000°006 (000006008 (000600 500000 (000000 (00005" L &6 izn
500000 9697 ix pix 615 (22 (] Iy (600000 606, (000000 008 006000" (660000 (000000 000000 2 I B
(8600003, W A D) %4} ] 05 i (500000°006 [600000'008 (000000" (000000 (060000 [000000 Y IoRY. T (37473
500000 50, 33 13 TSY 299 ) 05 V(050000 006 500000006 (00000G" (600000 666000 (000000 il v 2230
566000 0} I X 5% 199 (] }¥{ 000000 006 [000000'006 (000000 0GO000" 500000 000000 L o[
00000 Z4 2, X OF S5% t () 09 iy [000000 0G9T [000000°00% 000000 000000 000000 [000000Z Y Ve, o1 TOZHT,
500000 Z¥E, X X [wez i3 65 W _:ml_._ 53 600000006 [500000'006 (06000 (000500 000000 000000 e ovG____[siers
600009229 Ve Xd £33 9 & ) N ] Tv] " Uv[000060 O0RE [006066°00% 560600 (000000 000000 00000 W . 3 Exay
(000000 059¢ B 500 3 ToL 05, N o] Tv] U] 000000 006 (0000067606 60000 (00000 (000000 (500000 Y 3 (173
(000006 €S9E ot X Sit 108 05, 90| W05 000000' 06 1600006006 006000 (600000 00000 560000" Y . 5¢ Faive
660000 6905 BX £y ov9 £33 05 ] #531000000°006 000000°006 (506600 560000 1000000 (606000" Y N, FIX sivi
000000 S905, 0 10 67 WE £ 5 03] _ 1931600006006 1000000 008 [B66000" (000000 1000000 (600000° Y, 90 E3ID)
(000000905 vz A 105 zzy 3 o3 #531000000°008 000000006 (000000 000000 (500000 [060000° Vo, G4 ovieT
500006 7975 157 1070, 6% (Y 05 ) 501 000000 008 (000000 066 000000 606000 600000 1000000 Y. £ A8
1000000 2052 HY Zi0 519 S8 o5 53 Wo5000000'008. (000000'008 [600000° 066000 600000 000000 Y o, (TSI CTTY
(000005 CF: 10 100 %5 (33 @3 ) 290 000000 006 000000006 000005 000000 000000° 000000° AV L]0 50 £41)
(6000001 26T EX %0 ED I o0 d V| iV 550000 0oRT 60GG06009! (6600007 (000000’ 000000 506000 OSSBRISIO ot 565tT
000000 OREE oz (24 105 (2332 () ) (000000'008 [560000°006 (000000 1000000 (666000 (000000’ L (I 000
000000 81508 10 107 1091 £ 09 0000000 1000000°06% (660000 (500000 000000° 000600 %= I 2L i56ct
600000 2950 92 (2% ves 3 0066000 006000°00% 600000 (000000’ 100000G" 000060 ST (6 IV6ET
G00000°Y, I3 1 [or7 3 Iy 560000°0 (056000'00% 000000 000000 (000000 (600000 S L 1 GPeET
(0000006108 3 ez 158 05 0000000 (060000 004 000000 (000000 (€00000" [666000 as(y [z oreei
(000000 ¥¥. EX CA O1ET 09 o5 11¥ | 000000'004. (000000 008 (000000 060060 606000 (00000 | iS[0_Jozd [}
[006000 €2 ¥0 £ CET I 1 09 oy [ 000000006. 000006 008 (000600 | [000000° 000000 060000 oRnS|0 e 08t1
(00000052 EX o [s60s 8 09 vy [060000'008 [000000 008 000000 (000000’ 606000 600000 RIMS[6 ot 6501
056000 22 10 26 TN 09 iy 000000 006 000606008 000000 1600000 000000 (000000 o N I )
(000000 3 50 EX [Zom ]z ] [C00000006 666000°008 [B00000 (000000 (000000 1000000" L (I X SORTH
060000 2600 1T h Crzy 3 ) (000000008 1000000008 [000000" 000006 60600 000000 L ([ Y3
665000 90 o o) Y2V 05 IR v 000000 066 (600000008 000000 (666000 060000 (000000 L I 59T
500000 LLtY 05" (X T S— 05 i [000006°006 1600000 066 (000000 000000 600000’ (600000° LT I CIX BEa)
G00000°C. X BX oy} 5 iy 600000006 605600008 [060000' [000000 (000000° 006000 S [ K T50C)
600000°F: (X o CTU M 117 () FV[ 000000008 (000000008 [000000° (000000’ (006600 (600500 LT (O 9501
000003 1219 Y (X [rosi %6z () 37v[ 060000 006 (000000008 1G00000" (000006 E 000000 ] [ X YS9ET
(000000 25¥E | (3 HX Z 05, H50|#00] 000000008 1000000 008 1600000" 00000 000000 (000000 ] [ (T3 el
[G60000"¥ 8C 60 G 00 L) Uv] _ 9v[000000'008 (000000 006 (060060" (606000 (600000 000000 $UOSOHTE0 160 Zrotl
(000000 %) ¥ | 90 E3 09 | VY] 1000006 008 (000000008 600000 600000 600000’ 000000 SOSSETIE]0 |90 ELR)
[000000°015¢. D [ ¢ 150 £3 [ W50 #651060000 008 609600 008 600000" 000000 006000 600660 PUWATSI0_[90 [H)
[000000Y £z 3 or 05 ¥ [5) (066600008 [000660 008 [000600° (500000 (000000’ 006005 PUMIAS[0_[61 TEeTL
[000000'21 0% Z I3 [z 0z 09 wy| vv[ " 1] 050000 0ov [000000°66%] 000000 000007 000000 (000000, AVUATE|G it Iy
[00000 ¥+ (X (X [86_—— Tio 05 : WOO| _#95] 000000 008 [060000°006 1000000° 060600 600000 000000’ e L (] 271
606000 7596 OX {1y Jsoc | 05 (=] W3] #99[000060'066 1000000008 [060000° (000000 600000 (900000 i Y713y
000000 73083 90 £ [essZ ] [ 05 ad a1 ¥ | 000000 009} 000000 007 000050 000000 000000 000000 " 90 BISET
600000 F20Z 20 107 (ST 173 05 68 by 560005009, 006606 00K | (603000 000000 (050000 000600 i 10 e
000000 99VE X 0y frsas | 05 03 [00000°009%. 000000'009 (500000 00000" (000006 960000 o CEX M (Y13}
000005 VIIe X T A (7] 09 05 (0000000096 (006000 008 000000 (000000 Z 000000 000005’ R o Jeuct
(000000 ST W X [ | [09 (£ 60000 007+ (000500 00! [000600" 600000 000000 (000000 L 3 SOIE1

110




w09
A 5,
AV V0,
V)
iy i)
2 Y V)
iy V0,
T FYW0A
N WD) Ay Taeso |
N WD) W IR
G v M
] AL
2 WV PN,
AV VM,
AY WM
AV M,
G L)
[ AL
3 T Ty WY CONHM|
o0 iy AV M
07 AL
i LT
D) o P prown
%) ) o PTOReY,
=z ] Y PRV
] =3 onoinee
] D) P,

BHER
sls|slo

SUENERRINNNNAY

uuuuu

111



Appendix F

Trip Production Equations for ADWT
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Response: ADWT_produced

{7 N\
(Summa[z of Fit )

RSquare ?
RSquare Adj ?
Root Mean Square Error 333.3834
Mean of Response 1037.068

LObservations (or Sum Wgts) 278 )

(Lack of Fit) ]
Source DF Sum of Squares Mean Square F Ratio
Lack of Fit 213 30322261 142358 19.6031
Pure Error 64 464770 7262 Prob>F
Total Error 277 30787031 0.0000

Max RSq

\ © 0.9998 |

(Parameter Estimates )

(Whole-Model Test )

(ot Emp)

40000

30000

200001

10000 -

ADWT_produced

7 o~

10000 &

o ¥

Term Estimate Std Error tRatio Prob>|f|
Intercept Zeroed 0 0 ? ?
| Tot_ Emp 0.7261619 0.00476 152.56  0.0000
r! Effect Test )

Source Nparm DF Sum of Squares F Ratio  Prob>F
LTct_Emp 1 1 2586797994 23274.18 0.0000

el

\Tested against reduced model: Y=0

\

0—
N B e BLNE 2 e e e | B T BRI R e
0 10000 20000 30000 40000 0 10000 20000 30000 40000 50000 60000
ADWT_produced Predicted Tot_Emp Leverage

(Analysis of Variance ) . (Effect Test )
Source DF SumofSquares Mean Square  F Ratlo SumofSquares F Ratlo DF  Prob>F
Model 1 2586797994 2586869 23274.18 2586797994 23274.18 1 0.0000
Error 2717 30787031 1111448 Prob>F -
C Total 278 2617585025 0.0000



ssponse: ADWT_produced

Summary of Fit ) ]
RSquare ?
RSquare Adj ?
Root Mean Square Error 43.0904
Mean of Response 1037.068
Observations (or Sum Wqts) 278)
Lack of Fit) |
Source DF Sum of Squares Mean Square  F Ratio
l.ack of Fit 271 504844.89 1862.90 9.3145
Pure Error 1 200.00 200.00 Prob>F
Total Error 272 505044.89 0.2566

Max RSq

1.0000 |

Parameter Estimates ) )
Term : Estimate Std Error tRatio Prob>|t|
Intercept Zeroed 0 0 ? ?
Prime 1.0862974 0.022448 48.39 0.0000
Manu 0.969534 0.006958 139.35 0.0000
Wholesale 0.993017 0.017128 57.98 0.0000
Finance 0.9654391 0.021156 45.64 0.0000
Government 0.9819683 0.007043 139.43 0.0000
Accomodation 1.0970909 0.030174 36.36 0.00004
Effect Test )
Source Nparm DF Sum of Squares F Ratio  Prob>F
Prime 1 1 4348259 2341.824 0.0000
Manu 1 1 36054763 19417.87 0.0000
Wholesale 1 1 6241388 3361.399 0.0000
Finance 1 1 3866886 2082.573 0.0000
Government 1 1 36096352 19440.27 0.0000
Accomodation 1 1 2454633 1321.982 0.0000

144!

{Whole-Model Test ) ) (Prime )
40000~ e 40000
.9"‘ :
o 300007 o 30000~
3 ] 8 ]
2 ] 8 ]
e ] o E
% 20000 20000
= . 5 .
(a] o
2 : T g .
10000 - o 10000 -1
0 _9’?. .................................................. o_"";_:::-..::nmf.‘.‘.‘.‘t.‘:: ....... #eensncccnanacccscnne
T T T l L] ¥ ¥ I L3 T T I L) ¥ L3 l L) ¥ l L) I T I L] ' L} I L) l
0 10000 20000 30000 40000 -500 0 500 1000 1500 2000 2500
ADWT_praduced Predicted Prime Leverage
(Analysis of Variance ) (Eftect Test )
Source DF Sumof Squares Mean Square F Ratio Sum of Squares F Ratio DF  Prob>F
Model 6 2617079980 4.3618e8 234911.7 4348259.1 2341824 1 0.0000
Error 272 505044.889 1856.783  Prob>F -
C Total 278 2617585025 0.0000

\_

|Testad against raduced model: Y=0




) (Wholesale )

(Accomodation )

40000 40000 - 40000
o 30000-1 o 30000-] o 300007
@ E @ h 3 N
3 ] 3 ] 3 ]
9 1 8 1 8 1
9 20000 9 200007 9 20000—_
g ] g ] & ]
a o) | 2 ]
< 1 <
10000 Mr”“ 10000 -
0~ ::. .... B et L LI L2 e 0~ el weee
rrrrryrrv1rrvrr7vrv1rrvi1e LI I | | | A L A L D
-1000 1000 3000 5000 7000 -1000 1000 3000 5000 7000 9000 0 1000 2000 3000 4000 5000 6000
Manu Leverage Wholesale Leverage Accomodation Leverage
(Ettect Test ) (Effect Test ) (Eftect Test )
Sum of Squares F Ratio DF Prob>F Sum of Squares F Ratio DF Prob>F Sum of Squares F Ratio DF Prob>F
36054763 19417.87 1 0.0000 L 6241388.1 3361.399 1 0.0000 L 2454632.7 1321.982 1 0.0000
\ .
Finance ) (Government )
40000 - 40000 -
" :mO()()'. . 30000".
3§ : 4 _
3 3
N ’ o .
Sy 20000 20000~
! : ¢ :
< J
a [«
< T <
10000 -
0- vssasanes . -“\_\-.-.': vt
L L L L L
0 500 1000 1500 2000 2500 3000
. Finance Leverage Government Leverage
‘ (ch_xl.l tust ) Eloct Tast
| Swnof Squives  F Ratio DF - Prob»F Sumof Squares  FRatlo DF  Prob>F
| JB66BB0.4 2082573 1 0.0000 36000352 10440.27 1 0.0000

(=)
()
e
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Trip Attraction Equations for ADWT
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595p°nse: ADWT_Attracted . (Whole-Model Test ) ) (Population )
lSummaQ of Fit ] ;
RSquare "7 40000 40000
RSquare Adj ? :
Root Mean Square Error 476.3326 30000~ 300001
Mean of Response 1139.545 g ] 3 .
©
LObservations (or Sum Wgts) 253 ) :;" 20000 ;E" 20000 ]
f‘ Lack of Fit ) b g ] ,..~""“ cE) ]
10000 < 10000
Source DF Sum of Squares Mean Square F Ratio |t | ,
Lack of Fit 229 56796379 248019  14.9883 . SdUTRUTOURUSSROTY N | I N e,
Pure Error 23 380592 16547  Prob>F 0
. ~ 1 T T T T T T T T T T T T T Y T
Total Error 252 57176971 0.0500 0 500010000 20000 30000 40000 c; 100:300
Max qu ADWT Altracted Prodicted Population Leverage
0,9999J lAnalxsis of Variance ) (Effect Test )
- Source DF  Sumof Squares Mean Square F Ratio Sum of Squares FRatio DF  Prob>F
((Par ameter Estimates ) Modaol 1 2565158404 2.565209 11305.6 L 2565158404 11305.6 1 0.0000
. ) Error 252 57176970.9 2268027  Prob>F —
Term Estimate Std Error tRatio Prob>|t| CTotal 253 2622335375 0.0000
Intercept Zeroed 0 0 ? ? | Tested against reduced model; Y=0 .
.. J
&)pulation 0.2385235 0.002243 106.33  0.0000
r( Effect Test )
Source Nparm DF Sum of Squares F Ratio  Prob>F
‘Population 1 1 2565158404 11305.6 0.0000

L1l



‘esponse: ADWT_Attracted

Summary of Fit )

RSquare

RSquare Adj

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

”
2
433.0005
1139.545
253

v

Lack of Fit ) )
Source DF Sum of Squares Mean Square F Ratio
Lack of Fit 204 43651161 213976 2.8561
Pure Error 48 3596167 74920 Prob>F
Total Error 252 47247328 0.0000
Max RSq

0.9986J

Parameter Estimates )

(Whole-Model Test ) ] (Household Total )
40000 40000
30000 - 30000

ADWT_Attracted
N
=}
S
S
S
1

ADWT_Attracted
N
[=]
[~]
(=]
(=]
]

o
™
o
K

-
o
~
K

| Tested against reduced model: Y=0

Term Estimate Std Error tRatio Prob>|t]
Intercept Zeroed 0 0 ? ?
Household_Total 0.6396847 0.005458 117.19  0.0000
Effect Test )

Source Nparm DF Sum of Squares F Ratio  Prob>F
Household_Total 1 1 2575088047 13734.58 0.0000

g1l

10000~ 10000 -
54 0
™ 1
o-pt T B i
L L L L A A LML L A L A
0 500010000 20000 30000 40000 0 10000 20000 40000 60000
ADWT Attracted Predicted Household_Total Leverage
lAnalsts of Variance ) (Etfect Test )
Source DF Sum of Squares Mean Square F Ratio Sum of Squares FRatio DF  Prob>F
Model 1 2575088047 257519 13734.58 2575088047 1373458 1 0.0000
Emor 252 47247328.1 1874894  Prob>F -
C Total 253 2622335375 0.0000




Response: ADWT_Attracted

{( Summary of Fit ) )
RSquare ?
RSquare Adj ?
Root Mean Square Error 232.0723
Mean of Response 1139.545

LObservations (or Sum Wagts) 253 |

(Cack of Fit )

A

Source DF Sum of Squares Mean Square F Ratio
Lack of Fit 214 13107569 61250.3 5.0104
Pure Error 38 464537 12224.7  Prob>F
Total Error 252 13572107 0.0000
Max RSq
0.99981
[Parameter Estimates )
Term Estimate Std Error tRatio Prob>|t]
Intercept  Zeroed 0 0 ? ?
ELF_Total 0.5251741 0.002386 220.09 0.0000
(Effect Test )
Source Nparm DF Sum of Squares F Ratio  Prob>F
tELF__TotaI 1 1 2608763268 48438.19 0.0000

611

(Whole-Model Test ) VELF_Total)
400001 ,..-"‘"ﬁ 400001
\““‘
J o 4
30000~ 30000 o
3 3
P o ]
£ 20000 é’ 200001 &
D > 9 ...‘0
< 10000 y""’ 10000 :
1 & g 1 -v""
o f ........ 0_....‘:5{. ............................................
T T T T 1 T T T - 1T 1 T T T 1 1
0 500010000 20000 30000 40000 -10000 10000 30000 S0000 70000 90000
ADWT _Attracted Predicted ELF_Total Leverage
(Analzsls of Varlance ) (Effect Test )
Source DF Sumof Squares Mean Square  F Ratio SumofSquares  FRalio DF  Prob>F
Modet 1 2608763268 2.6088e9 48438.19 L 2608763268 48438.19 1 0.0000
Error 252 13572108.7 53857.57  Prob>F - s
C Total 253 2622335375 0.0000
\Tested against reduced model: Y=0



Response: ADWT_Attracted

(( Summary of Fit ) )
RSquare ?
RSquare Adj ?
Root Mean Square Error 170.2196
Mean of Response 1139.545

LObservations {or Sum Wgts) 253 )

(Lack of Fit )

ADWT_Attracted
N
=]
S
o
=3
1

‘e,

(Whole-ModeI Test ) ] (1 person ’
40000 f"j 40000
o
] o |
30000 300001

ADWT_Atiracted
n
=]
S
=1
=3
1

{Tested agalnst raeduced model: Y=0

Source DF Sum of Squares Mean Square F Ratio
Lack of Fit 246 7185664.6 29210.0 876.3006
Pure Error 2 66.7 33.3  Prob>F
Total Error 248 7185731.3 0.0011
Max RSq

L 1.0000 |

(Parameter Estimates ) ]
Term Estimate Std Eror tRatio Prob>t]
Intercept Zeroed 0 0 ? ?
1_person -0.166719 0.06643 -2.51 0.0127
2_persons 0.716254 0.082801 8.65 0.0000
3_persons -0.58734 0.231936 -2.53 0.0119
4_persons 4.2659607 0.202689 21.05 0.0000

\5_persons+ -0.88073 0.076249 -11.55 0.0000 )

(( Effect Test )
Source Nparm DF Sumof Squares  FRatio  Prob>F
1_person 1 1 182500 6.2986 0.0127
2_persons 1 1 2168098 74.8272 0.0000
3_persons 1 1 185807 6.4127 0.0119
4_persons 1 1 12834927 442.9698 0.0000

L5_persons+ 1 1 3865820 133.4204 0.0000

0zl

\..

oY
T
0 10000 20000 30000 40000
ADWT_Atftracted Predicted 1_person Leverage
e

(Analzsls of Variance ) (Effect Test )
Source DF Sumof Squares Mean Square F Ratlo Sum of Squares FRatlo DF  Prob>F
Model 5 2615149644 5.2303¢8 18051.25 18250048 6.2086 1 0.0127
Error 248 7185731.3 28974.72  Prob>F -
C Total 253 2622335375 0.0000




| (@_persons)

(2 persons D
40000 40000
30000 - 2 30000 -7
2 _
g I 8
< 20000 g, 20000
[a)
< 9 10000 -
o- & ‘ """"""""""""""""""
T 1 v T 1 ' T17T Illlllm.llll
0 5000 10000 . 16000 20000 25000 -1000 1000 3000 5000 7000 9000
2_persons Leverage 3_persons Leverage
(Effect Test ) w
Sum of Squares F Ratio DF  Prob>F Sumof Squares  FRatio DF  Prob>F
L 2168097.5 74.8272 1 0.0000 L 1856807.24 8.4127 1 0.0119
\. o Ao
(4 persons ) ) (5 persons+ )
40000 400001
30000~ 30000
3 3
ﬁl 200001 <, 20000
[a)
< 100001 < 10000 -]
T - At 0 _';.,..’”"::' o
T T T 7 T T TT | DL DT NN DL LA B S
-1000 1000 3000 5000 7000 8000 0 1000 2000 3000 4000 5000 6000 7000
4_persons leverage §_persons+ Leverage
e,
(Effect Test ) Effect Test
Sumof Squares  F Ratio DF  Prob>F SumofSquares FRatio DF  Prob>F
LL 12834927 442.9698 1 0.0000 J 3865820.3 133.4204 1 0.0000
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Appendix H

Trip Production and Attraction Equations for PMPVOT
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' Response: PMPVOT_produced (Whole-Model Test ) [(wholesale )
7 = D < - 4000 T
(Summary of Fit ) 4000 ]
3500 .
RSquare ? X 3000
RSquare Adj ? 2000 20001
Root Mean Square Error 760.8758 § 20 % ]
Mean of Response 542.9548 '§] 2000, B 000
\Observations {or Sum Wgts) 246 5 1500~%* ] ’é 0
J S P — -1
a a S e & o .
(:Lack of Fit ] E 1000~%. ....' ............... E e o
Ak S -1000—’
Source DF Sum of Squares Mean Square F Ratio . 500 5 . 4
Lack of Fit 242 141224659 583573  33.5749 o7 ' -2000-] .
Pure E 2 > S0 T T T T T T v ) T T T T 1T T 7T 17
ure Error 34762 17381 Prob>F 0 1000 2000 3000 4000 <2000 0 1000 3000 6000 7000 9000
Total Error 244 141259421 0.0293 PMPVOT _produced Predicted wholesale Leverage
'Max RSq (Analysis of Variance ) (Effect Test ) _
L O_QQQBJ Source DF Sum of Squares Mean Square F Ratlo Sum of Squares F Ratio DF  Prob>F
(7 = 2 Modei 2 7892682 3046341  6.8166 b 37726073 06516 1  0.4203
(Parameter Estimates ), Eor 244 141250421 578932  Prob>F
Term Estimate Std Error tRatio Prob>}t] CTotal 246 149152104 0.0013
Intercept Zeroed 0 0 2 ? LLTesled agalnst reduced model: Y=0 )
wholesale 0.2010642 0.249074 0.81 0.4203 \
household total 0.0102656 0.031587  0.32  0.7455 | (household total )
(( Effect Test ) 40001 .
Source Nparm DF Sum of Squares F Ratio  Prob>F 3o00-] °
wholesale 1 1 377260.73 0.6516  0.4203 g 2000 1 .
\household total 1 1 61147.48 0.1056 0.7455 3 - X
8 1000 %,
§ g .
% Ot R
a0004 e
. 2000 L
N — T T T T T AT
w 10000 10000 30000 $0000 70000
) household total Leverage
(Etfect Test )
Sumof Squares  F Ratio DF  Prob>F
61147475 0.1056 1  0.7455




(Whole-Model Test )

Response: PMPVOT_produced (primary )

r‘ Summary of Fit ) ) * 4000 -

RSquare ? 3500 4000-: )

RSquare Adj ? 3000 ) 3000

Root Mean Square Error 682.3985 g 2500~ g _ )

Mean of Response 542.9548 g 2000 g 2000

| Observations (or Sum Wats) 246 | ,gl 1500~ e 1000

(Parameter Estimates ) ) % 10001 % o

Term Estimate Std Error tRatio Prob>|t| 5007 X

Intercept Zeroed 0 0 ? ? 0 ) ~10007

primary -2,700063 0.445883 -6.06 0.0000 .500 ' -"'l ——— 7 2000 ~F——T——— T
manufactu 1.021577 0.170573 5.99  0.0000 <1000 0 1000 2000 3000 4000 -500 0 500 1000 1500 2000 2500

PMPVOT_produced Predicted primary Leverage

wholesale -1.246445 0.377888 -3.30 0.0011 L,

finance 05904879 0.360019  1.64 0.1023 (Analysls of Varlance ) (Ertoct Tost)

accomodation 0.2416407 0.639021 0.38 0.7057 Error 239 111204570 465668  Prob>F =

| household total 0.1294472 0.041145  3.15 0.0019 | ;L*;g'agamgfe duced ne2104. °-°°°°J

Source Nparm DF Sum of Squares F Ratio  Prob>F

primary 1 1 17075831 36.6696 0.0000

manufactu 1 1 16703155 35.8693 0.0000

wholesale 1 1 5066355 10.8798 0.0011

finance 1 1 1252702 2.6901 0.1023

government 1 1 55951 0.1202 0.7292

accomodation 1 1 66586 0.1430 0.7057

1 1 4609308 9.8983 0.0019

\household total
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(ssccomodation ) ) (household total ) (wholesale )
4000 - 4000
{ - 4000 , 1
3000 1 e 3000
i . 3000~ 4
) 2000+
P oowl ) P
g H ] g 1000 .
:, :, 1000 :, b
S 9 1 o 0
a a 8 ) & .1000-
-1000-{ - 1
] ' ~2000 ]
. «20001 i i ., i
l'l'l'_l.'l'l' LN S L R LA L R B000 T T T T T T
0 1000 2000 3000 4000 5000 6000 0 10000 20000 40000 60000 -1000 1000 3000 5000 7000 9000
accomodation Leverage household total Leverage wholesale Leverage
(Etfect Test ) (Effect Test ) Etfact Test
Sumof Squares FRatio DF  Prob>F SumofSquares FRatlo DF  Prob>F SumofSquares FRatio DF  Prob>F
66586.405 0.1430 1 0.7057 J 4609308.1 9.8983 1 0.0019 5086355.1 10.8798 1 0.0011 J
. . [
(finance) (laovemment) (anufactu)
4000 - 4000 . 4000 . 7 -
3000 3000 A
20001
=1 -] . .
-g 'g 3 1000 1. g2
5 B .
) 5 o) 0
> 2 >
o % g . Y.
S o & 1000
4 2000
-2000 J
I T I T I v I T l T l L] ¥ ' L] ¥ L] ¥ L§ L) LJ L) ¥ l L) L3 L) _3000 ' I ' l l l I
0 500 1000 1500 2000 2500 3000 0 10000 -1000 1000 2000 3000 5000 6000 7000 8000
finance Leverage government Leverage manufactu Leverage
(Ettoct Test ) (Etfect Test ) Effect Test
Sumot Squares  FRatlo DF  Prob>F Sumof Squares  FRallo DF  Prob>F SumofSquares FRatlo DF  Prob>F
L 1252702.4 2.6901 1 0.1023 J L 65050.746 0.1202 1 0.7202 L 18703155 358603 1 0.0000 J
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Response: PMPVOT attracted

(Summa[z of Fit ) )

RSquare ?
RSquare Adj ?
Root Mean Square Error 919.5893
Mean of Response 639.7723
\Observations (or Sum Wgts) 248J

f( Lack of Fit )

Source DF Sum of Squares Mean Square F Ratio
Lack of Fit 22 108822877 4946494  11.1239
Pure Error 225 100051311 444672  Prob>F
Total Error 247 208874188 0.0000
Max RSq
L 0.5225 |
(Parameter Estimates )
Term Estimate Std Error tRatio Prob>|t|
Intercept Zeroed 0 0 ? ?
kPrime 0.2155748 0.245493 0.88 0.3807
(( Effect Test )
Source Nparm DF Sum of Squares F Ratio  Prob>F
L Prime 1 1 652088.24 0.7711 0.3807

971

\,

(Whole-Mode! Test ) Y [Erime)
5000 5000 O
40001 ] 4000~ ¢
hel
£ 3000 g
i J o
= £
[} «
5 20001 5
g g
: - 3
10007
o-f.,
T + 1 &~ 1 v 1 v 1T 71
1] 1000 2000 3000 4000 5000 0 500 1000 1500 2000 2500
PMPVOT attracted Predicted Prime Leverage
(Analxsis of Variance ) (Effect Test )
Source DF Sumof Squares Mean Square  F Ratio SumofSquares FRatio DF  Prob>F
Model 1 652088 652088  0.7711 4 652088.24  0.7711 1 0.3807
Error 247 208874188 845644  Prob>F -
C Total 248 209526276 0.3807
| Tested agalnst reduced mode!: Y=0




tesponse: PMPVOT attracted

iSumma[z of Fit )

RSquare ?
. RSquare Adj ?
~ Root Mean Square Error 894.0663
' Mean of Response 639.7723
Observations (or Sum Wgts) 248

A

(Lack of Fit ]
Source DF Sum of Squares Mean Square F Ratio
Lack of Fit 242 195061344 806039 2.0408
Pure Error 4 1579856 394964  Prob>F
Total Error 246 196641199 0.2569
Max RSq
0.9925 |
{Parameter Estimates )
Term ' Estimate Std Error tRatio Prob>jt|
Intercept Zeroed 0 0 ? ?
Wholesale -0.527165 0.290912 -1.81 0.0712
Household_Total 0.1041947 0.036976 2.82 0.0052
(Effect Test )
Source Nparm DF SumofSquares F Ratio  Prob>F
Wholesale 1 1 2624889.5 3.2838 0.0712
Household_Total 1 1 6347328.8 7.9406 0.0052
0
=

(Household Total )

5000

40007

30007

2000

PMPVOT attracted
3
[=3
S
{

0
-1000
-2000
L) l T l L) l L) l Ll ' L} ' L) I ¥
-10000 10000 30000 50000 70000
Household_Total Leverage
(Effect Test )
Sumof Squares  FRatio DF  Prob>F
63473288  7.0406 1 0.0052

(Whote-Model Test ) V{(Wholesale
5000 . 5000 .
| 4000 '
4000 1
] 3000
2 3000 % 2000
[3
g i % g E
s . 5 1000
5 2000 >~ & /S . 5 ]
2 s z2 ~
. E e et % 0
s S S e = J
a | W S/ e a
1000 xS e -1000 -1
ol BT . -2000]
T SB00 T T T T T T T T T T
1000 0 1000 2000 3000 4000 5000 -2000 0 1000 3000 5000 7000 9000
) PMPVOT attracted Predicted Wholesale Leverage
lAnaIxsls of Variance ) (Effect Test )
Source DF Sum of Squares Mean Square F Ratlo Sum of Squares FRatlo DF  Prob>F
Model 2 12885077 6442538 8.0597 2624889.5 3.2838 1 0.0712
Error 246 196641199 799354  Prob>F -
C Total 248 209526276 : 0.0004
(Tested against reduced model: Y=0




Response: PMPVOT attracted

(( Summary of Fit )

RSquare ?
RSquare Adj ?
Root Mean Square Error 898.19
Mean of Response 639.7723
\Observations (or Sum Wgts) 248J

(Cack of Fit )

Source DF  Sum of Squares Mean Square F Ratio
Lack of Fit 201 189899942 944776 4.6401
Pure Error 46 9366147 203612  Prob>F
Total Error 247 199266089 0.0000
Max RSq

L 0.9553 )

p
(Parameter Estimatesj

Term Estimate Std Error tRatio Prob>|t|
Intercept Zeroed 0 0 ? ?
| Household_Total 0.0403783 0.011322 3.57 0.0004
(( Effect Test )
Source Nparm DF SumofSquares FRatio Prob>F
kHousehold_Total 1 1 10260187 12.7180 0.0004

8Cl1

(Whole-Model Test ) ) (Househo!d_Total )
5000 ~ys 5000 0
40001 4000~
€ 3000 € 3000
Q . J
6 00y S e 5 2000
g A 2 |
= k£ e z
% 1000 S e 10001
. -5, SOttt E
o-F 0~
I T l L) ' ¥ ' L} ' L} l L] ' ¥ ' ¥ ' ¥ l ¥ ' L) ' T
0 1000 2000 3000 4000 5000 0 10000 20000 40000 60000
PMPVOT attracted Predicted Household_Total Leverage
(Analxsls of Varlance ) (Effect Test )
Source DF Sumof Squares Mean Square F Ratio Sum of Squares F Ratio DF  Prob>F
Model 1 10260187 10260187 12,7180 10260187 12,7180 1 0.0004
Error 247 199266089 8067453  Prob>F -
C Total 248 209526276 0.0004
| Tested against reduced model: Y=0 )
»




- esponse: PMPVOT attracted (Whole-Model Test ) )(®eime) )
Summary of Fit ) ) 5000 5
: _ 5000 .
RSquare ? . 1
RSquare Adj ? 4°°°'_ : 4000 .
Root Mean Square Error 819.9137 2 3000+ ki
Mean of Response 639.7723 § 1 y g
Observations (or Sum Wgts) 248) g 2000 g
Parameter Estimates ) A % 1 % """"""""""""""""""""""
1000
Term Estimate Std Error tRatio Prob>{t| -
intercept Zeroed 0 0 ? ? 0 -2
Prime '3.510289 0.535008 '6.56 0.0000 T ". .:" T T T ¥ 1 T T 4 T T -2000 T ¥ T T ‘;: T T T T ¥ T
Manu 0.6351469 0.185356 3.43 0.0007 2000 -1000 © 1000 2000 3000 4000 5000 500 0 500 1000 1500 2000 2500
PMPVOT attracted Predicted Prime Leverage
Wholesale -1.337055 0.458035 -2.92 0.0038
* Finance 0.1634512 0450938 036 0.7173 (Analysis of Variancs ) (Etfoct Test )
Source DF Sumof Squares Mean Square  F Ratlo Sumof Squares FRatio DF  Prob>F
Governmen.t -0.160611 0.141608  -1.13  0.2578 Model 7 47511994 6787428  10.0965 L 28040154 430492 1 0.0000
Accomodation -0.222624 0.771837 -0.29 0.7733 Error 241 162014282 672258  Prob>F —
Household_Totai 0.3221611 0.050738 6.35 0.0000 CTotal 248 209526276 0.0000
J (Tested agalnst reduced model: Y=0 -
" Effect Test ) A ‘
\
M (Wholesale )
Source Nparm DF Sum of Squares F Ratio  Prob>F (Vany ) oea::oo
Prime 1 1 28940154 43.0492 0.0000 1 °
Manu 11 7893555 117418  0.0007 400073 -+
Wholesale 1 1 5728465 85212  0.0038 300077 ..
Finance 1 1 88324 0.1314 0.7173 § % 20001
Government 1 1 864793 1.2864 0.2578 £ £ 1000-:
] ]
Accomodation 1 1 55928 0.0832 0.7733 5 § 0 ]
o i
Household_Total 11 27103068 40.3164  0.0000 S 3 1
—/ & -1000- & a0 W\ e
-2000-] 2004 AN e
-3000-1 » -3000-] . N
L B et AL LAY BN NS L B Tt T T T T T 1
-1000 1000 2000 3000 5000 6000 7000 8000 .1000 1000 3000 5000 7000 9000
5 I Manu Leverage Wholesale Leverage
o (Etfect Test) (Effect Test)
Sum of Squares F Ratio DF  Prob>F Sum of Squares FRatio DF  Prob>F
| . 78935551 11.7418 1 0.0007 | 57284646 85212 1 0.0038 J




(Finance ) ) (Government )
500077
k 5000 «
4000 i
1" 4000
30001 Pt 1
3000 ,
3 3 -
8 T 2000
§ ; I;
5 s 1000 ]
> E 3
o -
= = 0
a a J
-1000
-2000
<3000 T T T T T T T | | -3000 l. T rr1TT7T : T T T
[ 500 1000 1500 2000 2500 3000 0 10000
Finance Leverage Government Leverage
(Ettoct Test ) (Effect Test )
Sum of Squares FRatio DF  Prob>F Sumof Squares FRatio DF  Prob>F
L‘ 88323906 0.1314 1 0.7473 864793.47 1.2864 1 0.2578
\,
(Accomodation ) ] (Household_Total )
5000 5000 g
4000 40001
30001 3000
© 1 H k
§ 2000“' T 2000
5 T B 10007 oy e e s aneenes
& 0- g 1
= i = 0
o o 4
-1000
J -1000
-2000 -1 . .
1 . +2000
T R e S L AT N | BN RS INLIORS RN ENRLY L
1] 1000 2000 3000 4000 5000 6000 0 10000 20000 40000 60000
Accomodation Leverage Household_Total Leverage
-
(Effect Test ) (Effect Test )
Sumol Squares  FRatio DF  Prob>F SumofSquares FRetio DF  Prob>F
55927.704 0.0832 1 0.7733 L 27103068 40.3164 1 0.0000
— S
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Appendix I

Report on Census Place of Work (POW) Seminar (October 2000)
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On October 20, 2000, Kean Lew and Kai Han attended the Census Place of Work Data
(POW) Workshop held by the Region of Peel and Statistics Canada in Toronto. Over 130
people with interest in transportation planning attended the workshop. The source and
processing of the data are presented together with the state of the practice of the POW |
data. Problems associated with the data were discussed. Potential linking with other data
sources and the enhancing transportation survey within census were investigated as well.

Key issues discussed during the one-day workshop are listed below:

Census POW Data

The Census includes one question asking whether you have a constant workplace and
what is the postal code of the work place. From this data, work trips can be estimated.
Since the Census has a sample rate of 20%, which is much higher than most of the other
surveys, and the trip information can be related to social, economic status of the people, it

is a very useful data set with which to conduct transportation analysis.

Transportation Related Use of POW Data

Provincial, Regional and City transportation planning divisions (in Ontario) use POW
data to study fra.nsportation trends in the community, e.g., mode split, geographical

distribution of the commuting trips, and the effect of economic factors on transportation.

Quality of POW Data

Census POW data can be viewed as a simple journey to work survey. It has a sample rate

of 20%. When bad data (including not-geocodeable) are considered, the sample rate
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drops to approximately 15%. Compared with other transportation surveys, such as the
Greater Toronto Area’s Transportation of Tomorrow Study (TTS), which has a sample
rate of 5%, Census POW data have a better sample rate, but are less complete in their
survey scope. Since length of the Census is a critical concern, only a limited number of
questions regarding transportation can be included. Therefore, in the 2001 Census,
questions concerning travel start/end time can not be added. This situation limits the

usability of this POW data.

The Cost of Census Data

Statistics Canada operétes on a cost-recovery policy. The Federal government is paying
for the cost of the initial Census and data processing. The cost associated with the data is
for the data distribution process. Contrary to the U.S free-data policy, Statistics Canada
has a cost-recovery policy, which eliminates the potential wide usage of the data and
“serious” study on the data. Manitoba is not on the list of users of 2001 POW data, and
the City of Winnipeg has not yet decided whether or not to obtain the POW data for

2001.

Consensus of the Users of Census POW Data

Many users wish that Statistics Canada would provide the census POW data for free.
This will encourage more transportation agencies to use the data. People also wish to
receive a higher level of flexibility with respect to the raw data. Customized report is

highly pursued. A free licensing policy is also desired to facilitate data sharing among

users. Many Users suggest providing Internet downloading service to lower the cost
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associated with data distribution. It is also the general consensus that academic usage of

the data should be supported by Statistics Canada.

Issues Related to Census Data

Census data are filtered by Statistics Canada. To protect the privacy of individuals, the
data associated census areas with a small number of people are not available and removed
from distribution. Therefore, it is impossible to obtain data for small transportation zones

which is required for certain transportation applications.
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