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Introduction

In 2016, in preparation for the Transportation Master Plan Update, Dillon Consulting migrated the City’s
4-step travel demand model from TransCAD to VISUM?. The purpose of this migration was to prepare
the strategic model for potential next phase microsimulation? activities for Secondary Plan and
Environmental Assessment study analysis. The migration included the update of population and
employment data (existing and future) and the recalibration of the model using update count data. At
the conclusion of the TMP activities, the strategic model will be migrated back to TransCAD as required.

This transportation planning model is a representation of the County of Brant and the City of Brantford
transportation facilities and the travel patterns using these facilities with a focus on the City of
Brantford. The model contains inventories of the existing roadway facilities and of land use and
demographic data in the area. These inventories are used to calculate ‘modeled traffic counts’, which
are compared with current ‘existing traffic counts’. When the model matches the modeled and existing
traffic counts within acceptable ranges of error, the model can then be used to test future year
scenarios. These scenarios may be changes in population, employment, travel behavior patterns, or
roadway improvements. The transportation engineer or planner, using the transportation planning
model, can project future traffic volumes without the cost of building inappropriate roadways or waiting
for traffic congestion to severely impact travelers.

This document details the methodology that was used to migrate the model. Because modeling is a
complex process, much of the theory, terminology, and concepts are also discussed.

Scope of Work

The scope of the project included the following primary tasks:
e A complete migration of the existing TransCAD model to the VISUM platform;

e An update of the existing and future population and employment; and

* A recalibration of strategic screenlines for auto vehicles using updated traffic count data.

1 VISUM is a Windows based multimodal transportation modeling software made by PTV Group.

2 Microsimulation models simulate the behaviour of individual vehicles within a predefined road network and are used to
predict the likely impact of changes in traffic patterns resulting from changes to traffic flow or from changes to the physical

environment. Unlike conventional intersection capacity analysis tools (such as Synchro), microsimulation models consider

vehicle and driver behavior theories, and vehicles can be influenced by other vehicles, pedestrians and bicycles, roadway
grades, curves, and many other factors.
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Model Foundations

While enhancements to the model content have been made, the foundational elements of model have
not been changed as part of this migration process. Specifically the following has not been revisited:

Trip Generation;

Trip Distribution;
Mode Share; and

Assignment Processes.

The original TransCAD model utilised the 2006 Transportation Tomorrow Survey (TTS) to capture trip
making patterns of City residents throughout a typical weekday. Since that model was developed, the
results of both the 2011 and 2016 TTS surveys were released. To ensure the models foundational
elements were still valid, the 2016 TTS data was comparted against the 2006 TTS data. This comparison
confirmed that the models foundations were still relevant and as such the model should be considered
reflective of the 2016 TTS.

The TTS survey remains as the cornerstone of the model. Its findings were primarily used in the
development of the transportation model and include the identification of peak travel periods, the
development of trip generation rates, the identification of travel mode share, the estimation of
automobile occupancy, etc.

N
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Model Refinement & Development

2.1

The Brantford model refinement and development involved the following items:

e Model Area;
e Transportation Network Enhancement; and

e Transportation Analysis Zones (TAZ).

Model Area

The modeling process begins with the identification of model area. In case of the Brantford model, the
model contains the entire County of Brant and the City of Brantford. However, the main focus area of
the model is the City of Brantford. Figure 1 illustrates the model area, highlighting both the County of
Brant and the City of Brantford.

Figure 1: Brantford Model Area

Road Network
: _ _ _ City of Brantford

L]
D County of Brant
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2.2 Transportation Network Enhancement
The road network in the transportation model is represented by a series of links and nodes, which
reflect lines of travel and points where roadways intersect. Typically, links represent roadway segments
and nodes represent intersections.

2.2.1 Road Links

The functional road classifications in the model are used to characterize each roadway based on how it
operates and the role it serves in the transportation network. Functional road classifications were
adapted from the previous TransCAD transportation model and disaggregated to allow different
capacities for single road classification types with different speed limits. This method provides
additional flexibility during calibration, as capacities can be modified to mimic actual operating
conditions.

Each roadway link in the model was assigned a functional classification / speed (i.e., Link Type attribute
in VISUM) and its directional number of lanes. Using VISUM’s model run procedures (see Section 3.4)
the planning capacity in vehicles per hour (vph) was automatically calculated.

The planning capacities used in the model reflect free flow conditions at on a link for a given operating
condition and influence the movement of traffic through the network. As an example, a typical arterial
roadway has a saturation flow rate of 2200 vehicles per hour per lane (vphpl) of green time at a traffic
signal. For a typical intersection of two major arterial roads, the strategic assumption is that the
available green time is roughly split 50/50. After reducing the time required for the amber and all-red
signal phases, approximately 41% of the available time within an hour is used for the green phase on
each road. This translates to a planning capacity of 900 vphpl.

Roadways with a lower functional classification are assigned lower planning capacities to reflect the
reduced flow rate due to lower priority at intersections with major roads.

The link types, functional road classifications, planning capacity, and speeds as coded in the model are
defined in in Table 1. The functional classifications for the roads within the County of Brant and the City
of Brantford as coded in the VISUM model are shown and Figure 2 and Figure 3.
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Table 1: Functional Road Classification, Speed Limit & Planning Capacity

11 Freeway 90 km/h 1500
12 Freeway 100 km/h 1800
15 Rural Highway 60 km/h 1000
16 Rural Highway 70 km/h 1100
17 Rural Highway 80 km/h 1200
18 Rural Highway 90 km/h 1300
21 Freeway Ramp 60 km/h 1000
22 Freeway Ramp 70 km/h 1100
23 Freeway Ramp 80 km/h 1200
31 Major Arterial 50 km/h 800
32 Major Arterial 60 km/h 900
33 Major Arterial 70 km/h 1000
34 Major Arterial 80 km/h 1100
41 Minor Arterial 50 km/h 700
42 Minor Arterial 60 km/h 800
43 Minor Arterial 70 km/h 900
44 Minor Arterial 80 km/h 1000
51 Major Collector 50 km/h 600
52 Major Collector 60 km/h 750
53 Major Collector 70 km/h 800
54 Major Collector 80 km/h 900
61 Minor Collector 50 km/h 500
62 Minor Collector 60 km/h 600
63 Minor Collector 70 km/h 700
64 Minor Collector 80 km/h 800
71 Local Road 30 km/h 350
72 Local Road 40 km/h 400
73 Local Road 50 km/h 500
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Figure 2: Road Network / Classification — County of Brant

Road Classification County of Brant
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— Minor Collector
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VISUM 20.01, Dillon Consulting Limited 1:200000
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Figure 3: Road Network / Classification — City of Brantford

Road Classification
— Highway 403
Rural Highway

Ramp

— Major Arterial

| = Minor Arterial
f1— Major Collector
—— Minor Collector
Local Road

SIX .Nations

VISUM 20.01, Dillon Consulting Limited 1:55000

2.2.2 Volume Delay Function

Based on the road type, capacity, and posted speed, a volume-delay function (VDF) is used to describe
how each road segment in the model behaves as traffic volumes increase. These functions are required
by the Equilibrium Lohse assignment algorithm used by VISUM, for updating travel times in response to
traffic volumes. As the volume using a road begins to approach the capacity of that road, the vehicle
speeds will tend to drop and delays will increase the travel time on that route.

The Equilibrium Lohse assignment uses an iterative process where trips are assigned and re-assigned to
the road network until the paths between specific TAZ pairs converge to a similar travel time (i.e., no
traveler can improve their travel times by shifting routes) within a given threshold. The “loaded” travel
times are determined by the VDF assigned to each link.

The link performance functions used are taken from the previous TransCAD model and are based on the
Bureau of Public Roads (BPR) formulation, which is as follows:
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tc = tff (1+a (v/c)®)

where: tc = travel time based on volume
tff= free flow travel time on the link
v = link volume
¢ = link capacity
a,B= calibrated link performance parameters

The a and B values are applied based on the functional classification for each of the different roadway
types in the model, and are shown in Table 2 below:

Table 2: Link Performance Functions Parameters by Roadway Type

Roadway Type P:ramete[;s
Freeway 0.72 6.14
Rural Highway 0.72 6.14
Freeway Ramp 0.72 6.14
Major Arterial 0.60 5.87
Minor Arterial 0.51 4.96
Major Collector 0.51 4.96
Minor Collector 0.51 4.96
Local Road 0.51 4.96

Transit Network

In addition to the model migration from TransCAD to VISUM, a basic transit enhancement was
undertaken to allow transit person trips to be assigned along the road network, in addition to the basic
automobile trip assignment. Using VISUM’s native import function, the General Transit Feed
Specification (GTFS) data for Brantford Transit was imported to the VISUM data format and merged with
the transportation model. This included the following network objects:

* Transit Stop Locations — Point objects in the road network to allow for the boarding/alighting of
person trips as the beginning, transfer, or end points of journeys.

e Transit Route Paths — Lines and line route objects along the road network where transit vehicles
follow, servicing stop locations.

After the transit network was imported, detailed checks were made to ensure accuracy of the network.
The resulting transit network is shown in Figure 4.
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Figure 4: Transit Network: Routes & Stop Locations

Brantford Transit
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Transportation Analysis Zones (TAZ)

A transportation analysis zone (TAZ) is an area of geography used in conventional transportation
planning models and is used to break down the city and region into a series of areas with similar land
uses and travel patterns. The size and structure of the TAZ system has a definite impact on the degree
of accuracy of the travel demand forecasting model.

The TAZ system for the Brantford TransCAD model contained 398 zones. This included 337 zones within
the City of Brantford, 46 zones within Brant County and 15 external zones. The TAZ system from the
previous model was maintained as there was no technical justification for alteration.

Figure 5 and Figure 6 illustrate the traffic zone boundaries and the external traffic zones used in the
model.
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Figure 5: Transportation Analysis Zones — County of Brant
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VISUM 20.01, Dillon Consulting Limited 1:225000
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Figure 6: Transportation Analysis Zones - City of Brantford

Traffic Analysis Zones
| City of Brantford

D County of Brant

External

VISUM 20.01, Dillon Consulting Limited 1:55000

2.3.1 TAZ Centroids and Connectors

The centroid for a TAZ is the location within a zone where all trips to/from that zone either starts or
ends. Centroids are connected to the transportation network by a series of special links called
connectors, which are representative links of potentially multiple streets or accesses that vehicles use to
enter or exit the road network.

Connectors are usually laid out to try and emulate the loading pattern provided by the local street
network, and often connect to minor intersections or local streets just upstream or downstream of a
more major collector or arterial road. Trips are prohibited from using a centroid connector unless they
originate or are destined to the zone.

The TAZ connectors were taken from the previous TransCAD model.
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Model Approach

The 4-step travel demand model structure adopted in Visum is based on an aggregate modeling
methodology which explicitly models homogeneously divided behavioral and socio-economic data
aggregated at a zonal level. It involves the sequential execution of the 4 steps:

e Trip Generation;
e Trip Distribution;
* Mode Choice; and

e Trip Assignment

This procedure is consequently iterative and converges towards a solution, measured as the minimal

Trip Generation

12

transportation cost considering a given travel demand and characteristics of the transportation network.

base year. It was provided by statistics Canada on a census tract level, this data was disaggregated by
forward from TransCAD to VISUM during the model migration process, as described below in this

described below.

both productions and attractions were formulated for four different trip purposes, including:

and work;

from home;

* Non-home based (NHB) trips which have neither an origin nor destination to or from home; and

N

employment are used as the inputs to a TAZ area. Trip generation rates for specific land use types are
and attractions). The land use data (population and employment) in the model was updated to a 2016

SGL Planning & Design Inc. to match the more refined TAZ level. The trip generation rates were carried

Peak Period trip generation rates were developed from the 2006 Transpiration Tomorrow Survey (TTS)
(and where confirmed by the 2016 TTS) for both the AM and PM peak periods. The AM peak period is

defined as between 6:00 am to 9:00 am and the PM peak period is defined as between 3:00 pm to 6:00
pm, representing total person trips (independent of the mode of travel). Trip generation equations for

e Home-based work (HBW) trips, which include any trip with an origin or destination to or from home

In a travel demand model, land use input is the key determinant in the generation of trips. The land use
pattern of a particular area will have an influence on trips to/from TAZs within the area. Population and

applied to the TAZ level land use forecasts to estimate the trips generate by the TAZ (zonal productions

section. The model process for developing trip generation, and carried forward to the VISUM model, is

e Home Based Other (HBO) trips which include any non-work trips having an origin or destination to or
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¢ Home-based school (HBS) trips which include any trips with an origin or destination to or from home
and school.

Regression analysis was used to estimate the relevant variables used for each trip purpose as
summarized in Table 3 and Table 4.

Table 3: Trip Generation Variables (AM Peak Period)

AM
TRIP VARIABLES
PURPOSE POP. EMP.
TOTAL POP. [TOTAL EMP.| SALES/ POP. LABOR EMP. EMP. SALES/ EMP.
’ ’ PROF. FORCE FFICE PROF. MANUF.
SERV ° 0 0 ° SERV v
HBW_P
(Int —Int) 0.4870
HBW_A
(It - Int) 0.5150
HBW_P Employment
(Ext —Int) Growth Rate
w p S
(Ext - Int) Growth Rate
o p el
(Int - Ext) Growth Rate
HBW_A Employment
(Int - Ext) Growth Rate
HBO_P 0.1140
HBO_A 0.0510 0.1170 0.3520
NHB_P 0.0250 0.0600 0.1250 0.0900
NHB_A 0.0291 0.2910 0.0950 0.0212
Population
HBS_P Growth Rate
HBS_A N/A
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Table 4: Trip Generation Variables (PM Peak Period)

PM
VARIABLES
TRIP POP EMP
PURPOSE : POP. LABOR EMP. EMP. ; EMP.
TOTAL POP. [TOTAL EMP.| SALES/ SALES/
SERV PROF. FORCE OFFICE PROF. SERV MANUF.

HBW_P 0.9450 0.5700 0.2000 0.4700
(Int —Int)

HBW_A
(It - Int) 0.4500

Haw_p | L
(Ext =Int) Growth Rate

HBW_A Employment
(Ext - Int) Growth Rate

HBW_P Employment
(Int - Ext) Growth Rate

i n |t
(Int - Ext) Growth Rate

HBO_P 0.1758 1.0148

HBO_A 0.2065 1.0030 0.5074

NHB_P 0.0064 0.3048 0.8128

NHB_A 0.1715 0.9855

HBS_P N/A

Population
HBS_A Growth Rate

Trip Generation for Home Based Work Trips

The internal HBW trip production and attraction rates within the City of Brantford are:

HBW Trip Productions (AM) = 0.4807 * Labour Force
HBW Trip Attractions (AM) = 0.5150 * Total Employment

HBW Trip Productions (PM) = 0.9450 * Employment Office + 0.5700 * Employment Professional +
0.2000 * Employment Sales/Service + 0.4700 * Employment Manufacturing
HBW Trip Attractions (PM) = 0.4500 * Labour Force

External — Internal work trips produced from external zones and Internal — External work trips attracted
to the external zones were assumed to grow at the same growth rates as the external traffic traveling
to/ from those external zones. Historical and future population and employment data was used to
develop the growth factor for each external zone. Table 5 summarizes the respective external traffic
growth rates used.
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Table 5: External TAZ Growth Rates

Growth | Growth | Growth

TAZ Road Link External Area per Year: per Year: | per Year:

Pop Emp Pop+Emp
20000 Hwy 403 E GTA 1.1612 1.1559 1.1594
20100 CR545S Haldimand County 1.0725 1.0588 1.0688
20200 CR20S Haldimand County 1.0725 1.0588 1.0688
20300 CR7S Haldimand County 1.0725 1.0588 1.0688
20400 CR16S Haldimand County 1.0725 1.0588 1.0688
20500 Hwy 24 S Haldimand County 1.0725 1.0588 1.0688
20600 CR3W Norwich - Oxford County 1.1487 1.1594 1.1522
20700 Hwy 2, CR 53, Hwy 403 W Norwich - Oxford County 1.1487 1.1594 1.1522
20800 CR25N Kitchener - Region of Waterloo 1.1996 1.1836 1.1941
20900 CR16N Kitchener - Region of Waterloo 1.1996 1.1836 1.1941
21000 CR24AN Kitchener - Region of Waterloo 1.1996 1.1836 1.1941
21100 Hwy 24 N Kitchener - Region of Waterloo 1.1996 1.1836 1.1941
21200 CR13N Kitchener - Region of Waterloo 1.1996 1.1836 1.1941
21300 Hwy 5 E Hamilton 1.0980 1.1429 1.1111
21400 CR99E Hamilton 1.0980 1.1429 1.1111

Trip Generation for Home Based Other and Non-Home Based Trips

The HBO trip production and attraction rates within the City of Brantford are:

HBO Trip Productions (AM) = 0.1140 * Total Population
HBO Trip Attractions (AM) = 0.0510 * Total Population + 0.1170 * Employment Professional + 0.3520
Employment Sales/Service

HBO Trip Productions (PM) = 0.1758 * Total Population + 1.0148 Employment Sales/Service
HBO Trip Attractions (PM) = 0.2065 * Total Employment + 1.0030 Population Sales/Service + 0.5074
Population Professional

The NHB trip production and attraction rates within the City of Brantford are:

NHB Trip Productions (AM) = 0.0250 * Total Population + 0.0600 * Employment Professional + 0.1250
Employment Sales/Service + 0.0900 Employment Manufacturing

NHB Trip Attractions (AM) = 0.0291 * Population Professional + 0.2910 * Employment Professional +
0.0950 Employment Sales/Service + 0.0212 Employment Manufacturing
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NHB Trip Productions (PM) = 0.0064 * Total Population + 0.3048 * Employment Professional + 0.8128
Employment Sales/Service
NHB Trip Attractions (PM) = 0.1715 * Population Sales/Service + 0.9855 Employment Sales/Service

Trip Generation for Home Based School Trips

3.2

The HBS trips are assumed to be primarily dependent on population growth for respective TAZs. School
trips that are attracted to a particular TAZ are assumed to be directly correlated to the population
growth in that TAZ. Therefore, trip generation rates were not estimated for school trips, and future HBS
attractions were based on existing HBS trips factored by the population growth rates of the traffic zones.

Trip Distribution

3.3

Using the productions and attractions by TAZ calculated in trip generation, trip distribution is the
process by which the origin-to-destination choices are derived for trip makers. The result of this process
is a series of trip matrices that are used in the travel demand model for additional matrix calculations
and ultimately the assignment of trips to the transportation network.

The TransCAD model utilized the Fratar Method as the trip distribution method. This process was
maintained in the migration to the VISUM platform. The Fratar Method utilizes a doubly constrained
“Growth Factor” method (except for HBS trips which are singly constrained) to predict future trip
patterns between zones. The Fratar Method uses the existing trip matrix as a basis for forecasting the
future patterns, and develops growth factors for total trip productions and attractions by traffic zone to
scale the values in the matrix. The equation for the growth factor method is shown by:

Tij =t *a * bj

Where T = forecast flow between zone i and zone j
tij = the base year flow between zone i and zone j
a;i = balancing factor for row i
b;j = balancing factor for row j

The methodology uses an iterative process that alternates between factoring the productions and then

factoring the attractions to match the total forecast productions and attractions for each zone, with a
pre-set convergence factor.

Mode Choice

The total person trip matrices derived in trip distribution (See Section 3.2) are divided into person trips
by specific travel modes. Mode share matrices were retained from the TransCAD model. Mode share
was derived from TTS data and produced mode share percentage relationships for specific OD pairs in

\ the model.
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The City of Brantford currently takes a “policy approach” to mode share in their travel demand model.
This means that the existing base year (i.e. 2016) mode share is derived from available data and future
horizon year mode shares conform to policy mode share targets. A summary of the existing mode
shares implemented in the model are presented in Table 6 and Table 7.

Table 6: 2016 Mode Share Percentages Table 7: 2016 Mode Share Percentages
(Full Model) (Brantford Households only)
Travel Mode | Mode Share (%) Travel Mode | Mode Share (%)
Auto Driver 77.3% Auto Driver 73.9%
Auto Passenger 10.2% Auto Passenger 12.1%
Transit 1.7% Transit 2.4%
School Bus 4.6% School Bus 4.8%
Cycle/walk 6.0% Cycle/walk 6.6%
Other 0.2% Other 0.2%
TOTAL 100% TOTAL 100%

Model Run Procedures

The model run procedures implemented in VISUM were based on the previous procedures outlined in
the TransCAD version of the model. The purpose of these procedures was to tie various objects,
attributes, and matrices from within the travel demand model into a single one-click process that
provides a reproducible, consistent approach to calculations within the VISUM model. Figure 7 provides
an overview screenshot of the Procedure Sequence window in VISUM.

Figure 7: VISUM Procedure Sequence Window
ib-ri YAIRH|IE|®

Number: 90  Execution| Active Procedure Reference object(s) | Variant/file Comment
1 D X Group Initialize Model ... ej2=3 Initialize Model
4 [X] Group Network Calculations - Links ... .|5-6 Network Calculations - Links
7 [X] Group Network Calculations - Turns ... ... 8-23 Network Calculations - Turns
24 [X] Group Fratar Trip Distribution ... ...| 25-44 Fratar Trip Distribution
45 X Group Mode Choice Calculations ... ...| 46 - 63 Mode Choice Calculations
64 X Group Internal Peak Hour Auto Trips ... ...| 65 - 68 Internal Peak Hour Auto Trips
69 X Group External Peak Hour Auto Trips ... ...| 70-75 External Peak Hour Auto Trips
76 X Group Total Peak Hour Auto Trips ... ...| 77 -78 Total Peak Hour Auto Trips
79 [X] Group Adjustments and Auto Vehicles Assignment ... ... 80 -84 Adjustments and Auto Vehicles Assignment
85 [X] Group Adjustments and Transit Persons Assignment ... ... 86 -90 Adjustments and Transit Persons Assignment

Once the procedure sequence has been initiated, model run processes execute in numerical order. The
Procedure Sequence functionality in VISUM is model-specific and can be tailored to the unique
requirements of each model. Over time, these procedures can be modified and expanded as the travel
demand model methodology continues to evolve. Table 8 further details the purpose of each model

\_ procedure group.
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Table 8: Brantford Travel Demand Model Methodology

Procedure Group Step Range Procedure Purpose
Initialize Model 1-3 Initialize previous assignment and filter settings to prepare for a
new model run.
Network Calculations - Use Link Type attributes (see Table 1) and number of lanes to
Links 4-6 calculate directional capacity and free flow speeds.
Calculate Node capacities based on sum of outbound link
capacities by 0.5.
Network Calculations - 293 Left turn and U-turn capacities set to 10% of approach link
Turns capacity and initial delay of 10 seconds.
Right turn capacities set to 15% of approach link capacity and
initial delay of 1 second.
Fratar Trip Distribution 24-44 Apply growth f.ac.tf)r method (F.ratar? or It.eratlve Proportional
Fitting (IPF) to initial seed matrix, using trip end totals.
Mode Choice 45.63 Sum Trip Purposes to Total Internal Person Trips.
Calculations ) Multiply Total Internal Person Trips by each mode share.
Sum Internal Auto Person Trips.
Internal Peak Hour Auto Convert Auto Person Trips to Vehicle Trips by using an Auto
Trips 64-68 Occupancy factor.
Convert peak period (3-hour) demands to peak hour by using a
Peak Hour Factor (PHF).
Sum External Auto Person Trips
External Peak Hour Auto Apply 1% Compound Annual Growth Rate (CAGR) to External-
Trips 69-75 Through matrix.
Convert peak period (3-hour) demands to peak hour by using a
Peak Hour Factor (PHF).
Total Peak Hour Auto Sum all Auto Vehicle matrices from ‘Internal Peak Hour Auto
Trips 76-78 Trips’ and ‘External Peak Hour Auto Trips’
Adjustments and Auto 29-84 Apply auto vehicle matrix correction factors.
Vehicles Assignment ) Run 500 iterations of “Equilibrium Lohse” type assignment.
Adjustments and Transit Apply transit vehicle matrix correction factors.
. 85'90 “« ” .
Persons Assignment Run “Headway-based” assignment.

N
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Calibration and Validation

Once the updated model was calibrated to predict base year trip generation, the model was tested to
determine if the trip assignment process could replicate existing observed volumes on the road network.
This process is referred to as validation.

For automobile vehicle trips, validation of the model was performed by comparing the observed
volumes from the existing traffic count data® (2015-2018) with the simulated volumes for the same links
from the model. Validation is usually undertaken at the screenline level of detail in travel demand
models. Screenlines are imaginary lines, in which the locations are chosen strategically to capture traffic
that crosses major arterial roads, rivers, or other major physical boundaries in an area. Figure 8 displays
the strategic screenline locations in the Brantford travel demand model.

Figure 8: Screenline Locations

—
-

Roads

“_ Screenline
North/South

East/West

County of Brant
seens,
Samnd

City of Brantford

Six Nations

VISUM 20.01, Dillon Consulting Limited 1:115000

3 Existing traffic count data consists of 65 Turing Movement Counts (TMC) or Automatic Traffic Recorder (ATR) counts that were
collected between 2015 and 2018, of which 71% or 46 of the counts were collected in 2017 and 2018.
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determine corridors that have road network deficiencies.

Table 9: Screenline Calibration Results — AM Peak Hour (summary)

4.0 Calibration and Validation 20

Based on the validation results presented in Table 9 and Table 10 for the AM peak Hour and Table 11
and Table 12 for the PM Peak Hour, the updated model is capable of forecasting flows within 5-10% (or
a GEH* of 5.0) of observed volumes across most major screenlines. Screenlines are used to compare
model estimated volumes with traffic counts in key areas of the City and they are also used to

SCREENLINES Passed 6 of 6 [ on |
Criteria Flow Range Criteria Goal | Current Count Model

Within 150 veh/h, for Flow < 1500 veh/h >85% of cases 0 1500 150 veh 85% 100% 12 12 v
Within 15%, for 1500 veh/h < Flow <5000 >85% of cases 1500 5000 15 % 85% 100% 22 22 v
Within 750 veh/h, for Flow > 5000 veh/h >85% of cases 5000 750 veh 85% 0 0

Sum of all screenline flows within 5% of sum of all screenline counts Overall 5 % 5% 1% 68998 68635 /4

GEH <5 for Individual screenline Flows >85% of cases Overall S GEH 85% 100% 34 34 G

GEH < 10 for individual screenline flows, 95% of cases Overall 10 GEH 95% 100% 34 34 v

GEH < 4 for sum of all screenline counts Overall 4 GEH 4.0 14 68998 68635 v/

4 GEH statistic is a formula used in traffic modelling to compare two sets of traffic volumes. It provides a goodness-
of-fit measures that takes into account the significant variability in real world traffic volumes. For example, a
freeway may carry 5000 vehicles per hour, while one of the on-ramps leading to the freeway might carry only 50
vehicles per hour. In that situation it would not be possible to select a single percentage of variation that is
acceptable for both volumes. A GEH value of less than 5.0 is considered a good match between the modelled and

\ observed hourly volumes, while a GEH of between 5.0 and 10.0 may warrant investigation, and a GEH greater than

10.0 is a poor match.
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Table 10: Screenline Calibration Results — AM Peak Hour (detailed)
SCREENLINE ANALYSIS
AM Car VOLUME 750
Secondary % DIFF 10
GEH S
# Name Direction Count Model DIFF 56 DIFF GEH
1 Grand River South EB 3628 3619 -9 0.2% 0.1
Grand River South WB 2514 2510 - 0.2% 0.1
2 Grand River North EB 1918 2011 93 4.8% a.X
Grand River North WB 1656 1662 6 0.4% 0.1
3 Highway 403 NB 3857 3999 142 3.7% 2:3
Highway 403 SB 4672 4650 -22 -0.5% 0.3
a King George Road EB 3336 3206 -130 -3.9% 2.3
King George Road WB 2594 2403 -191 -7.4% 3.8
5 Wayne Gretzky Parkway (North) EB 3056 3153 97 3.2% 1.7
Wayne Gretzky Parkway (North) WB 3121 3172 51 1.6% 0.9
g | Wayne Gretzky Parkway (South) 8 1398 1459 101 7.2% 27
Wayne Gretzky Parkway (South) WB 1082 1070 -12 -1.1% 0.4
- Memorial Drive EB 1031 949 -82 -8.0% 2.6
Memorial Drive WB 1148 1145 -3 0.3% 0.1
s West Street EB 1527 1431 -96 -6.3% 2.5
West Street WB 1486 1506 20 1.3% 0.5
9 CNR Corridor NB 3006 3071 65 2.2% 32
CNR Corridor SB 2788 2793 5 0.2% 0.1
10 Garden Avenue EB 3158 3108 -50 -1.6% 0.9
Garden Avenue WB 2994 2895 -99 -3.3% 1.8
1 Powerline Road NB 1616 1602 -14 -0.9% 0.3
Powerline Road SB 2027 2041 14 0.7% 0.3
12 Murray Street EB 1255 1247 -8 -0.6% 0.2
Murray Street WB 1129 1209 80 7.1% 2.3
13 West External EB 1676 1601 -75 -4.5% 1.9
West External WB 1535 1478 -57 -3.7% 1.5
18 South-West External NB 1595 1564 -31 -1.9% 0.8
South-West External SB 823 836 13 1.6% 0.5
15 East External EB 2667 2466 -201 -7.5% 40
East External WB 2392 2204 -188 -7.9% 3.9
e North-East External NB 561 682 121 B 4° |
North-East External SB 453 482 29 6.4% 13
17 North-West External NB 713 728 15 2.1% 0.6
North-West External SB 586 643 57 9.7% 2.3
City of Brantford ““\\\\\“\\“\%
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Table 11: Screenline Calibration Results — PM Peak Hour (summary)

Calibration and Validation 22

Flow Range Criteria Goal Current Count Model
Within 150 veh/h, for Flow < 1500 veh/h > 85% of cases (1] 1500 150 veh 85% 86% 7/ 6 v
Within 15%, for 1500 veh/h < Flow < 5000 >85% of cases 1500 5000 15 % 85% 100% 25 25; v
Within 750 veh/h, for Flow > 5000 veh/h > 85% of cases 5000 750 veh 85% 100% 2 2 v
Sum of all screenline flows within 5% of sum of all screenline counts Overall 5 % 5% 1% 88396 89602 v
GEH <5 for Individual screenline Flows >85% of cases Overall 5 GEH 85% 97% 34 33 v
GEH < 10 for individual screenline flows, 95% of cases Overall 10 GEH 95% 100% 34 34 v
GEH < 4 for sum of all screenline counts Overall 4 GEH 4.0 4.0 88396 89602 v

Table 12: Screenline Calibration Results — PM Peak Hour (detailed)

SCREENLINE ANALYSIS
PM Car VOLUME 750
Secondary % DIFF 10
S
# Name Direction Count Model DIFF 56 DIFF GEH
1 Grand River South EB 3614 3566 -48 -1.3% 0.8
Grand River South W8 3762 3939 177 4.7% 2.9
2 Grand River North EB 2327 2365 38 1.6% 0.8
Grand River North WB 2261 2429 168 7.4% o=
3 Highway 403 NB 5783 5884 101 1.7% 13
Highway 403 SB 5349 5582 233 4.4% 3.2
a King George Road EB 3533 3490 -43 -1.2% 0.7
King George Road WB 3817 3747 -70 -1.8% 13
5 Wayne Gretzky Parkway (North) EB 3652 3766 114 3.1% 19
Wayne Gretzky Parkway (North) WB 3989 4256 267 6.7% 4.2
6 Wayne Gretzky Parkway (South) EB 1438 1534 %6 6.7% 25
Wayne Gretzky Parkway (South) wB 1818 2031 213 SR 49 |
7 Memorial Drive EB 1688 1691 3 0.2% 0.1
Memorial Drive WB 1537 1432 -105 -6.8% 77}
3 West Street EB 1799 1948 148 8.3% 3.4
West Street WB 2236 2268 32 1.4% 0.7
3 CNR Corridor NB 3557 3602 45 1.3% 0.8
CNR Corridor SB 4164 4385 221 5.3% 3.4
10 Garden Avenue EB 3835 3590 -245 -6.4% 40
Garden Avenue WB 4099 3963 -136 -3.3% 2.1
11 Powerline Road NB 2512 2605 93 3.7% 1.8
Powerline Road SB 2470 2555 85 3.45% 1.7
12 Murray Street EB 1483 1408 -75 -5.1% 2.0
Murray Street WB 1818 1881 63 3.5% 15
13 West External EB 2091 2053 -38 -1.8% 0.8
West External WB 1923 1833 -0 -4.7% 2.1
18 South-West External NB 1038 1045 7 0.7% 0.2
South-West External SB 1729 1696 -33 -1.9% 0.8
15 East External EB 2858 2611 -247 -8.6% 47
East External WB 2902 2837 -65
16 North-East External NB 705 806 101
North-East External SB 917 1112 195
17 North-West External NB 780 819 39
North-West External SB 912 873 -39 -4.3% 13
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Conclusion

Based on the foregoing, the City of Brantford’s 4-step travel demand model was successfully migrated
from the TransCAD platform to the VISUM platform. The model captures travel behavior for the area
and calibrates well against measured data. Its procedure parameters are suitable for use when testing
land use and transport facility scenarios for forecasting demand and assignment of travel.
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Future Assessment

The Places to Grow (August 2020) policies include growth forecasts for the City of Brantford with a
residential population of 165,000 and an employment level of 80,000 by 2051. Brantford’s 2051
population and employment forecasts were disaggregated by SGL Planning & Design Inc. to match the
Traffic Analysis Zone (TAZ) structure within the City’s strategic transportation model. The allocations
were based on intensification policies and targets, Schedule 1: Growth Management in the City’s draft
Official Plan, land use designations, and sites with known development potential.

At a summary level, the growth forecasts used in this TMP growth analysis are shown in Table 13 and
Table 14 below for the City of Brantford and County of Brant respectively. Detailed TAZ level population
and employment data for Brantford and Brant County (2016 and 2051) can be found in Appendix A.

Table 13: City of Brantford Population and Employment to 2051 — TAZ Distribution

2016 101,700* 44,900
2021 Est 111,300 53,600
2026 Est 125,200 60,300

2031 139,000? 67,0002

2036 152,000? 72,0002

2041 162,150* 80,150

2051 164,736" 83,365

Source: 1SGL Planning and Design, 2021
2 A Place to Grow: Growth Plan for the Greater Golden Horseshoe, 2019

Table 14: County of Brant Population and Employment to 2051 — Growth Plan

2016 38,000t 15,000*
2021 Est 41,000 17,000
2026 Est 44,000 19,000

2031 49,0002 22,0002

2036 53,0002 24,0002

2041 57,0002 26,0002

2051 59,000° 26,000°

Source: ! Greater Golden Horseshoe: Growth Forecasts to 2051, Hemson Consulting Ltd., 2020
2 A Place to Grow: Growth Plan for the Greater Golden Horseshoe, 2019

3 A Place to Grow: Growth Plan for the Greater Golden Horseshoe, 2020
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Applying updated growth forecasts, disaggregated to the TAZ level-of-detail, the City’s model was
utilized to forecast future travel demands (i.e. Future Conditions) resulting from population growth,
employment growth, and future land use patterns and densities as provided by the City. These were
further enhanced using output from the ongoing Official Plan Update. Forecasted Future Conditions and
various alternative transportation strategies were subsequently assessed based on the strategic
direction criteria.

2051 ‘Do Minimal’ Scenario

6.2

The 2051 ‘Do Minimal’ Scenario accounts for proposed growth under a transportation network scenario
with minimal improvements over today’s condition, were identified. The changes to the road network
include only short term committed projects (e.g. The Oak Park Road/Highway 403 interchange upgrade)
and collector roads required to support the expansion growth areas (required to provide access to
future development).

An overview of the link attributes and volumes (AM and PM) and screenline capacities for the 2051 ‘Do
Minimal’ network are illustrated in Appendix B and Appendix C respectively.

2051 Manage Travel Demand Scenario

6.3

The 2051 Mange Travel Demand Scenario increases the transit mode share to 5.8% and the combined
Active Transportation (walking and cycling) modes shares to 9.9%. This Transportation Demand
Management (TDM) scenario is assigned to the ‘Do Minimal’ network.

An overview of the link volumes and screenline capacities for the 2051 Mange Travel Demand network
are illustrated in Appendix B and Appendix C respectively.

2051 Increase Infrastructure Scenario

6.4

The 2051 Increase Infrastructure Scenario enhances the carrying capacity of the network through
strategic road widenings and extensions. This includes short-term committed improvements, as well as
a full program of infrastructure projects as was identified in the 2014 Transportation Master Plan
(excluding a Veteran’s Memorial Parkway extension, due to recent Glebe Lands resolution).

An overview of the link volumes and screenline capacities for the 2051 Increase Infrastructure network
are illustrated in Appendix B and Appendix C respectively.

2051 Recommended Scenario

The 2051 Recommended Scenario combines the mode shares from the 2051 Mange Travel Demand
Scenario, with many of the infrastructure projects from the 2051 Increase Infrastructure Scenario and a

N
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number of additional infrastructure projects. A comprehensive list of the Recommended Scenario
infrastructure projects include:
e Infrastructure widenings:

Wayne Gretzky Parkway between Henry Street and Lynden Road;

Veterans Memorial Parkway between Mount Pleasant and Market Street South;
Colborne Street West from County Road 7 to the existing 4-lane section;

Paris Road from Golf Road to Oak Park Road;

Oak Park Road from Hardy Road to Powerline Road; and

Powerline Road from Oak Park Road to the City east limits.

e New roads:

Oak Park Road extension to Colborne Road West;

Wayne Gretzky Parkway extension to connect with Park Road;

East-West Collector Road north of Powerline from Oak Park Road to East City Limits;
Conklin Road Extension from Mt. Pleasant Road to Phelps Road; and

Charing Cross Street extension to Henry Street.

e Corridor Transportation System Management (TSM):

Golf Road;

Paris Road;

Brant Ave;

Hardy Road;

West Street;

King George Road,;

Erie Avenue;

Clarence Street; and

County Road 18 (note that this is a County Road. The City will work with the County to
determine potential for improvements to the corridor).

An overview of the link volumes and screenline capacities for the 2051 Recommended Network are
illustrated in Appendix B and Appendix C respectively.

26
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Brantford Model: TAZ Population & Employment

TAZ 2016 2051

Pop Emp Pop Emp
101 1,675 40 1570 144
102 0 0 0 0
103 85 2 212 308
104 870 21 763 67
105 960 23 839 61
106 630 15 556 43
107 410 10 363 41
108 270 115 448 140
109 200 761 536 805
110 70 172 110 180
111 30 1 24 5
201 225 916 934 982
202 390 9 341 38
203 240 6 247 21
204 270 6 239 21
205 5 176 79 187
206 425 10 420 40
207 880 21 771 76
301 585 14 587 61
302 520 143 485 189
303 820 20 717 66
304 55 1 33 14
305 80 383 0 429
306 495 234 576 260
401 490 171 428 221
402 245 6 219 24
403 270 166 326 190
404 165 4 149 25
405 5 518 1032 573
406 0 1,204 461 1125
407 115 316 367 339
501 720 17 685 50
502 990 24 883 61
503 520 12 460 47
504 275 126 869 153
505 525 13 459 45
506 880 186 785 239
507 475 11 428 29
508 725 17 638 59
509 895 21 786 56
510 545 13 490 48
511 1,050 25 937 56




TAZ 2016 2051
Pop Emp Pop Emp
512 350 492 625 543
513 445 11 628 22
514 930 22 1002 58
515 1,145 164 1129 221
516 195 5 362 12
601 355 9 309 45
602 545 13 488 60
603 955 23 831 61
604 915 22 795 49
605 725 17 635 50
606 1,000 24 867 74
701 0 694 0 769
702 0 546 174 602
703 0 1,623 141 1493
704 0 995 267 951
705 5 916 701 1009
706 0 381 357 445
707 0 154 0 489
708 0 887 1251 954
801 0 2,042 0 2351
901 5 1,826 649 2953
902 0 506 0 544
903 0 319 0 372
1001 0 836 819 919
1002 0 364 406 399
1003 15 1,180 0 1190
1004 0 1,525 0 1419
1005 5 404 0 467
1006 0 0 0 13
1007 0 597 0 666
1008 0 0 0 296
1101 30 1 0 10
1102 45 1 0 14
1103 35 1 21 4
1104 425 10 454 28
1105 140 185 135 205
1106 200 130 533 190
1107 315 8 279 56
1108 330 8 307 26
1109 455 11 436 25
1110 575 14 546 29
1201 55 155 186 191
1202 150 4 221 22
1203 155 607 377 822




TAZ 2016 2051

Pop Emp Pop Emp
1204 75 258 57 298
1205 0 193 0 219
1206 5 0 662 31
1301 365 9 436 26
1302 190 5 184 13
1303 25 1 0 51
1304 600 14 682 50
1305 60 1 0 5
1306 120 3 125 9
1307 240 6 222 24
1308 65 2 47 4
1309 25 126 110 136
1310 345 8 657 20
1311 205 170 184 200
1312 60 1 0 8
1401 245 245 306 273
1402 305 7 272 16
1403 305 7 290 24
1404 145 3 159 16
1405 320 8 296 25
1406 240 6 217 18
1407 440 11 429 42
1408 465 290 423 361
1501 100 1,715 147 1778
1502 415 10 492 29
1503 105 3 135 6
1504 245 6 240 19
1505 30 1 12 2
1506 115 3 154 5
1507 240 6 244 20
1508 200 261 273 278
1509 355 145 410 167
1510 720 273 826 317
1511 315 8 301 25
1512 50 206 47 215
1601 485 12 479 68
1602 560 127 738 165
1603 520 12 455 53
1604 315 326 275 380
1605 125 3 112 13
1606 720 17 644 61
1607 185 306 250 331
1608 635 15 559 63
1609 255 6 239 28




TAZ 2016 2051

Pop Emp Pop Emp
1610 330 8 320 29
1611 420 10 382 37
1612 155 4 138 25
1701 0 0 0 1131
1702 5 546 38 3406
1703 0 0 0 2943
1704 5 2,486 0 2771
1801 315 8 279 82
1802 465 142 429 291
1803 130 3 118 19
1804 475 11 420 41
1805 110 372 109 452
1806 410 10 418 30
1901 285 155 399 371
1902 0 438 0 479
1903 370 288 333 338
1904 205 5 186 18
1905 725 17 789 48
2001 865 21 770 104
2002 0 0 0 67
2003 0 0 0 19
2004 85 804 0 870
2005 0 165 59 186
2006 45 1 0 24
2007 175 4 225 16
2008 295 7 349 22
2101 130 3 119 34
2102 795 19 860 68
2103 305 7 308 20
2104 130 3 136 7
2105 30 1 3 1
2106 310 371 308 452
2201 195 5 242 10
2202 80 2 3 2
2203 80 2 0 2
2204 45 1 0 2
2205 55 1 4 1
2206 85 2 0 4
2207 55 1 0 3
2208 135 3 241 28
2209 75 2 3 2
2210 65 2 0 2
2211 25 1 0 2
2212 55 1 0 2




TAZ 2016 2051

Pop Emp Pop Emp
2213 135 3 164 9
2214 130 3 144 10
2215 230 6 272 15
2216 405 10 503 26
2217 50 1 8 3
2218 50 1 1 4
2301 50 1 14 53
2302 85 2 134 55
2303 35 1 0 30
2304 175 4 242 86
2305 80 2 47 41
2306 55 1 53 42
2307 45 1 0 60
2308 65 349 30 418
2309 120 3 136 63
2310 195 5 256 65
2401 0 0 0 12
2402 5 0 31 24
2403 15 0 38 40
2404 20 0 34 33
2405 5 705 111 749
2406 20 0 38 26
2407 25 1 38 24
2408 40 115 34 143
2409 60 1 29 25
2410 5 0 39 38
2411 0 142 45 185
2412 30 405 50 457
2413 120 213 210 262
2414 0 119 0 144
2415 0 0 0 20
2416 45 1 12 21
2417 15 222 15 260
2418 20 262 22 301
2419 0 0 37 31
2420 0 301 69 362
2421 5 0 46 30
2422 460 176 702 219
2423 10 0 42 29
2424 40 1 0 29
2425 145 168 260 279
2501 35 1 0 54
2502 465 11 479 75
2503 480 12 555 42




TAZ 2016 2051

Pop Emp Pop Emp
2504 230 6 258 32
2505 145 3 193 47
2506 255 6 335 52
2507 125 3 213 44
2508 130 3 115 8
2509 355 9 359 21
2510 300 7 290 19
2511 175 4 164 11
2512 190 5 207 12
2513 155 4 170 11
2514 155 4 215 8
2601 65 2 10 6
2602 280 7 256 20
2603 245 6 238 16
2604 110 3 95 6
2605 95 2 0 4
2606 30 1 0 2
2607 0 0 11 0
2608 95 2 0 7
2609 335 8 327 27
2610 445 11 398 32
2611 120 3 122 10
2612 520 12 715 28
2613 15 0 40 2
2614 105 3 99 9
2615 70 2 158 13
2701 485 142 444 165
2702 35 416 31 444
2703 200 5 191 19
2704 95 2 0 13
2705 85 2 108 9
2706 475 137 468 167
2707 635 15 821 38
2708 900 22 1013 61
2709 145 3 209 22
2710 620 15 903 57
2801 70 2 0 38
2802 90 2 3 9
2803 345 8 478 25
2804 770 18 704 85
2805 75 2 5 4
2806 195 5 264 62
2807 0 0 0 1
2808 0 0 0 26




TAZ 2016 2051

Pop Emp Pop Emp
2901 0 0 104 13
2902 0 0 155 5
2903 0 0 0 5
2904 350 202 574 237
3001 735 177 889 212
3002 385 9 420 31
3003 930 130 1053 170
3004 545 150 555 185
3101 0 0 313 884
3102 5 0 1383 501
3103 0 0 0 1
3104 0 222 0 265
3105 0 0 0 287
3201 1,450 132 1328 197
3202 685 136 814 169
3203 165 4 507 70
3204 10 0 180 17
3205 0 0 0 9
3301 730 18 3008 155
3302 1,500 36 1399 97
3401 0 939 666 1254
3402 0 0 124 213
3403 0 392 3557 684
3404 0 365 1031 409
3405 0 0 23 402
3406 75 2 370 193
3407 0 0 393 70
3501 430 10 411 39
3502 5 0 1 13
3503 425 10 372 29
3504 135 3 131 7
3505 550 13 601 38
3506 505 12 563 43
3507 205 5 1507 67
3508 10 0 0 20
3509 30 1 552 17
3510 10 364 33 384
3511 10 0 0 2
3512 10 0 626 18
3601 295 7 274 45
3602 320 8 288 37
3603 50 1 90 32
3604 5 0 0 78
3701 0 0 3225 91




TAZ 2016 2051

Pop Emp Pop Emp
3702 405 84 4243 243
3703 845 20 778 22
3704 465 11 1466 168
3705 165 249 132 288
3706 925 22 1083 33
3707 1,400 34 1222 94
3708 2,120 148 2462 268
3709 1,620 39 1425 157
3710 310 7 301 23
3901 0 0 0 335
4501 5 0 2561 326
4502 475 11 884 39
4503 2,780 732 2903 894
4601 0 0 0 102
4602 30 1 1092 131
4603 0 0 53 3
4701 450 11 390 104
4702 255 6 219 23
4703 420 10 385 26
4704 95 2 842 27
4705 300 7 261 14
4706 770 18 751 22
4801 980 695 952 812
4802 1,605 192 1824 262
4803 760 18 987 60
4901 545 13 520 45
4902 370 9 326 32
4903 895 21 785 62
4904 655 16 589 51
4905 1,280 31 1901 69
4906 415 10 389 31
5001 0 0 0 657
5002 5 0 0 509
5003 0 0 0 323
5004 20 0 0 1065
5101 0 0 0 2
5102 0 0 0 0
5103 0 0 0 4
5104 0 0 0 0
5105 0 0 652 18
5106 0 0 223 6
5107 0 0 1896 87
5200 33 70 47 55
5201 0 0 0 0




TAZ 2016 2051

Pop Emp Pop Emp
5202 0 0 0 0
5203 0 0 356 16
5204 0 0 224 6
5205 5 0 810 67
5206 40 1 759 21
5300 79 72 75 88
5301 0 0 61 2
5302 0 0 54 1
5303 0 0 0 0
5401 0 0 183 226
5402 0 0 564 32
5403 0 0 591 22
5404 0 0 555 64
5405 10 0 430 718
5406 0 0 1182 57
5407 0 0 503 22
5408 15 0 640 29
5501 0 0 1059 275
5502 0 0 939 36
5503 0 0 425 13
5504 0 0 206 10
5505 0 0 137 10
5506 0 0 448 88
5507 45 1 786 162
5508 5 0 744 44
5509 0 0 498 35
5510 5 0 416 31
5511 0 0 703 85
5512 5 0 798 155
5601 15 0 0 0
5602 0 0 0 0
5603 15 0 0 0
5604 0 0 0 0
5605 0 0 0 0
5606 0 0 0 0
5607 0 0 0 0
5608 0 0 0 0
5609 0 0 0 0
5610 0 0 0 0
5611 15 188 22 200
5612 0 0 7 0
5613 0 0 0 0
5614 0 0 0 0
5615 0 0 0 0




TAZ 2016 2051

Pop Emp Pop Emp
5701 25 1 0 0
5702 0 0 0 0
5703 30 1 0 0
5704 0 0 0 0
5705 0 0 0 0
5706 10 0 5 2
5707 0 0 489 30
5708 0 0 534 31
5709 0 0 609 213
5710 5 0 922 97
5711 0 0 789 44
5712 0 0 361 80
5801 0 0 0 209
5802 0 0 0 0
5803 10 0 0 844
5804 0 0 232 462
5805 0 0 0 478
5806 15 0 206 375
5900 20 0 0 747
5901 10 0 0 810
5902 0 0 0 563
5903 15 0 1227 44
5904 0 0 2190 92
6000 64 71 38 44
6001 0 0 0 196
6002 0 0 0 169
6003 0 0 0 156
6004 0 0 0 391
6005 0 0 0 425
6006 0 0 0 1152
6007 5 0 0 1089
6008 0 0 0 21
6009 10 0 0 681
6010 0 0 0 548
7000 79 740 94 1,131
7001 0 0 0 0
7100 5,233 1,983 15,918 10,606
7200 868 251 1,172 282
7300 8,684 501 11,720 565
7400 1,042 1,504 1,406 1,692
7500 1,042 752 1,406 846
7600 695 501 937 565
7700 2,084 501 2,813 565
7800 2,952 1,002 3,985 1,128




2016 2051

TAZ Pop Emp Pop Emp
7900 250 67 450 104
7901 145 3 125 4
8000 397 102 473 153
8100 159 197 190 300
8200 0 1,304 0 1,980
8300 714 740 851 1,131
8400 79 72 94 110
8500 0 53 33 27
8501 40 1 636 19
8502 530 13 2220 69
8600 70 2 4403 181
8700 759 71 899 104
8701 35 1 127 9
8800 476 72 568 110
8900 1,032 72 1,230 110
9000 1,190 740 1,419 1,131
9100 556 72 663 110
9200 317 496 378 752
9300 476 72 568 110
9400 1,671 381 1,893 429
9500 1,193 508 1,352 572
9600 859 127 973 143
9700 1,050 254 1,189 286
9800 1,389 287 1,585 322
9900 780 110 891 123
10000 692 164 790 184
10100 793 126 898 143
10200 0 0 0 0
Total 134,332 58,628 221,726 109,364




Appendix B

Model Plots — Link Attributes & Volumes
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