.Q)

%ZEMTH“

Zenith Transport Model

Technical Note 1
Model Design and Architecture

Zenith Version 2.0.0

VEITCH LISTER CONSULTING PTY LTD

Date: 15-04-2013



Zenith Technical Note
Model Design and Architecture

1

2

3

LT 070 LU o) OO 4
1.1 DESIGN OB ECTIVES ..ttt e e e e e e e e e s ee e e s 4
1.2 MOAEI AFCIHITECTU M ettt et bbb bbb bbb bbb b b b 5
1.3 Structure 0 this DOCUMENT ..o 6

Approach 10 Mod el DEVEIOPMENT. ...ttt seeseessees e see st bt se s bbb sb s et 7
2.1 MOAE] ESTIM ATION 1ottt sttt bttt bbb bbb bbb et e b e b 7
2.2 Y0 T0 E O 11T 0 T 7
2.3 MOAEI VAl ATION .ttt ettt bbb bbb bbb bbb bbb bbb R b b b 9

Representation of the Urban Travel ENVIONMENT ...t eesseesssecessesee 11
3.1 Population, Demographics and Land USE ..ottt s ee e seneeeas 11
3.2 TranspPOrtation NETWOTKS ... e ettt ettt ee et esea ettt 12

7 B (o T 1o B 3 40 12

322 TEANSIT NETWOIKS.coureerereerieeerineeriseceisesessssesassessssessssseessasesssaeessasssssasesesssesesssessassssasesesansessanessssnsesssseses 13

3.2.3  Pedestrian and Cycling NETWOIKS.....cucueermreeriseesissessssssssssssessissassssssssssssssssssssssesesssssssossessssessassssses 13
3.3 Lo T T OO UPOTPSTO 14

Travel Market SEgMENTATION ..o ecee ettt eese sttt seees e esse s es s ss e e e e 15
4.1 LTy o £ 0 2 U 17

Ao TT RESIACNT ACHVITICS . euoreerreeseereseesseesss s essiseerisss s s ssss s a8 17

4.7.2  RESIACNTE THID PUIDOSES oottt ss e ss e es s es e ses s ssssnsssasess 17
4.2 VISTEOT TYAVEI oottt e e e e e s e s s saerenan s 19

2.1 ViSITOT ACHVITIES coreerereeeeeresecrereesrsesssesssssssesissssssssssssssossssssesssssssessssssssssssasssssessassessssesssssssessassessnsesssssaness 20

4.2.2 VISITOF THD PUIDOSES coveeoeeereeeeeerseessseaeestseeeases e sssessseesssssssessssesss s s s ssss s s s esssssssmssesssesnnes 20
4.3 T 4 OSSPSR 20
4.4 Travel Related t0 SPeCIal GENEIATOIS c.cviieeeeeeee sttt sttt sttt sttt a e se et e et e sa et s nansetsenns 21

O VT Yo & O 21

442 SPECIAT ROCIEUTION oottt ss e s es s ene e s s snsees 21

GoA.3  POTTSetereerureerereersserssesssecsussesareesssessesssssessssesssesssss e ssms e a1 R RS R AR 00S 22

N o 4 (3 1110 KO SRS 22

MOAEIING OF TrAVEI CROICES ... veureeeeecereeereeesreeeasees e isee st sees e see s s eess s seees e e s s sssensssecesas 23
5.1 STPUCTUTAL OVEIVIBW ...ttt ettt ees et et seeas s ses st ee e e e e e ses s ee s e sensee e reanseeseremeanseeeneananese s 23

5.1.1 The Standard Zenith MOGC! PrOCESS.....cceneermseerisseesisssesssessusssssssssessssssssssessssssssssssssssssssssessosssss 23

5.1.2 The Freight and EXTErNQl MOOE! PrOCESS..o .ottt eesassesssessesesssssossssssesssscannes 26
5.2 COMPONENT SUD-MOUEIS ...ttt s st s s s et ee et ee e ea e et 27



Zenith Technical Note
Model Design and Architecture

52,1 HOUSCROID SEGMENIQTION cccooieeeeereee sttt eesse s s es s esssss e sssesssenssncaenes 27
E I 4 1o C 1T 1] 10 1o R 28
5.2.3  Travel Market SEGMENTATION. ... weeereeeureeeeasrsesiseesissessssssssssssessssssssssesssssssssesssssssssssssssosssssssessssssssoesss 28
5.2.4  DESENATION CROICE couveeeerreerreusseessessissessssssssssssssssssssssssssssesssssssessssssesssessessssessesssssssssssssssssasssssssasssasess 29
5.2.5  PErIOU AlIOCUTION.ceuiremeeerrereseersscreseercsersssessessussesassesssesssssssessssessasssssosssssssarssmasesssssssessssessssssssssessssnsessoss 29
LI I 1V 1o o [ Lo Tl 3O 30
5.2.7  DEMANT AVEIUGING ctrertrtttreeriereereereeaseseeseeeeseessseesseesss s ssseesese s ess s esessssessesessessssessassesaseesseesees 31
5.2.8  THATTIC ASSIGNIMEON L oottt esiseesessessas s esss s st s st 15500 31
5.2.9  TrANSIT ASSIGNIMIEIIT oottt s esss s s s sesss s s s s ess s escases s sssmssesssennss 32
ST\ oo [ I T Tl =) T 4 PO 33
72 O T 1T ST 35



Zenith Technical Note
Model Design and Architecture

This Technical Note is one of a series of papers that collectively
describe the Zenith Transport Model. Zenithisa four step transport
model, implemented in the OmniTRANS software package for a range
of Australian cities and regions.

This Technical Note details the overall design and architecture of the
Zenith model, including the representation of key drivers of demand
within the model (e.g. population, demographics, land uses,
transportation networks, etc), the segmentation of travel into
behaviourally homogenous groups, and the modelling processes used
to reflect travel choices.

This note is logically read before any of the other technical notes.

1.1 Design Objectives

Zenith isa predictive model of travel within urban environments. The
use of the word ‘predictive’ is key; the primary design objective of
Zenith is to predict how people would respond (in terms of altering
travel choices), if the urban environment were to change in some
way.

The model isdesigned to be sensitive to the key factors which
influence travel behaviour - itsinputs - which include:

1 Population & demographics - workforce participation, age
profiles, car ownership levels, etc,

1 Thedistribution of land uses - including office blocks,
factories, shops, schools, hospitals, airports, etc,

1 The level of accessibility provided by the transportation
network - including travel by car, public transport, walking,
cycling, etc.

1 The Price of Travel - including tolls, parking charges, fuel
costs, public transport fares.

The output of the model - predicted travel demands in response to
the model'sinputs - can be summarised as follows:

1 Predicted traffic volumes on each road link, by time of day
and vehicle class,

1 Predicted passenger loads on each public transport route /
stop, by time of day,
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Predicted pedestrian and cycling demands on each link, by
time of day,

Estimates of travel demands between origin [ destination
pairs, by each travel market segment, mode and time of day,
Estimates of travel costs between origin [ destination pairs,
by each mode and time of day.

By comparing the outputs between two modelled scenarios, the
impact of changes to the travel environment can be evaluated and
understood, for example:

T

= =4 =4 -4 -4 -8 -9

T

The impact of population growth, in terms of growth in
demands, increased congestion, public transport crowding,
ete.

The impact of upgrading an existing road

The impactof opening a new road

The impact of tolls

The impact of changes in fuel prices

The impact of increasing transit service frequencies

The impact of adding or removing transit services

The impact of building a new railway line, or extending an
existing one

The impact of change in public transport fares, etc.

Delivering reliable and accurate estimates of these impacts is a key
design objective of the model.

The model can also be used to estimate demand levels for new
infrastructure and services, which can be used to perform financial
and economic evaluations (e.g. toll roads, public transport services),
as well asunderpinning project design (e.g. decisions regarding road
widths, transit vehicle sizing, transit station design).

1.2 Model Architecture

Zenith's high level architecture can be conceptualised in terms of
three core elements:

T

The representation of the urban travel environment, and
the key drivers of travel behaviour within that environment -
i.e. population, demographics, land uses, transportation
networks, pricing, etc.
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T

l

The segmentation of travel into behaviourally
homogeneous groups - resident / visitor / freight travel for a
range of activities,

The modelling process used to simulate travel choices within
each segment.

1.3 Structure of this Document

The remainder of thisdocument is structured as follows:

T

Section 2 describes the overall approach and to model
development, including model estimation, calibration and
validation.

Sections 3 to 5 correspond to the key elements of the model's
architecture, asoutlined in the previous section. Section 3
details the model's inputs, Section 4 details the segmentation
of travel, and Section 5 describes the modelling process.
Section 6 summarises the model's limitations, many of which
are mentioned throughout the document.
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2.1 Model Estimation

The Zenith models include numerous ‘parameters’ which are used to
model the behaviour of trip makers within each of the model's
demand segments. These parametersinclude trip generation rates,
segmentation parameters, period allocation factors, deterrence
function parameters, modal constants, time weights, etc.

The vast majority of these parameters are statistically estimated using
available data sources. The most useful data source for statistical
estimation is household travel surveys, which include the recorded
daily travel itineraries of thousands of surveyed households. The
following household travel surveys have played a part in estimating
Zenith's parameters:

SEQTS 1992

SEQTS 2003

SEQTS 2006

VATS 1994-1997
VISTAQ7

Sydney HTS 1999-2007

E R ]

In developing Zenith models for numerous regions, the aim has been
to develop transferrable models and parameters, which can be
applied consistently across as many markets as possible.

This approach has proved generally successful, with “region specific”
parameters only used in cases where it is justified by local evidence.
In practice, the need for region specific parameters has been fairly
limited, which provides supporting evidence for the ideaof an
Australia-wide model of travel behaviour.

2.2 Model Calibration

Calibrationis the step of adjusting the model's estimated parameters
to improve the level of correlation between the model's outputs, and
observed measures of travel demand such as traffic counts,
pedestrian counts, OD surveys, public transport patronage data, etc.

This step can help to correct for errorsin the model's parameters,
either due to biases in the data used to estimate parameters, or errors
due to sampling (e.g. resulting from small sample), or errorsin model
specification. In practice, household travel surveys do exhibit strong
biases (e.g. under-sampling of off-peak travel), which amplify the
importance of model calibration.
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Generally speaking, minimal effort is required to calibrate Zenith
models. We believe this to be a result of:

|l

The use of large sample household travel surveys, and the
pooling of household travel surveys from multiple regions,
Extensive efforts to understand and correct for biases in
household travel surveys,

Accurate input data - high quality, up-to-date data is
reasonably accessible in Australia (e.g. ABS Census, road
network data, transit network data, etc),

Robust model specifications.

When macro-level calibrationis required, our general approach is to:

l

Attempt, wherever possible, to understand and correct for
any systematic sources of error. This often involves the
creation of new travel market segments which are not well
captured by household travel surveys (e.g. travel related to
the construction of new homes)

Globally increase or decrease trip rates (unless evidence exists
to support differential factors by trip purpose), to globally
boost or decrease travel

Globally increase or decrease the distance weight by mode,
which has the effect of marginally increasing or decreasing
average trip lengths,

Globally increase or decrease the amount of travel occurring
in each period,

Globally increase or decrease the access and transfer
penalties for public transport sub-modes. This can help to
achieve correctly balanced demands between sub-modes.

In terms of micro-level (local area) calibration, our approach is
generally to:

l

Check for errors resulting from the coding of travel zones,
including incorrectly distributed land uses, centroid
connector placements, etc.

Check network coding - link attributes, transit stop
placements, etc.

Zenith's model parameters are very rarely modified to achieve local
area calibration.

Techniques such as matrix estimation are not used in the calibration
of Zenith, for the following reasons:

T

In our experience, the process of manually exploring
differences between counts and the model's predictions is
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valuable, and leads to new insights regarding the model's
limitations, and drives further innovation in the model's
development. It can also help to uncover errorsin counted
data!

1 Inourexperience, errors are often the result of incorrect
coding of the model'sinputs. Implementing matrix
estimation would not correct this error, but would instead
compensate one error by creating another,

1 Inourexperience, Zenith models achieve an acceptable level
of accuracy without the use of matrix estimation.

2.3 Model Validation

Model validation is the independent assessment of model accuracy
and validity, using data which was not used to develop, estimate or
calibrate the model.

When performing statistical estimation (e.g. using household travel
surveys), internal cross validation is used to assess the model's
predictive accuracy. Thisis particularly important when selecting
between models, or evaluating the inclusion of extra parameters, or
in choosing between alternative model specifications.

A second method of validation is to compare outputs of the base year
model with observed measures of travel demand, including traffic
counts, pedestrian counts, and public transport patronage data.

The drawback of this approach is that generally the entire count
database has already been used during the model calibration step. As
such, one would expect the model’s outputs to correspond well to
counts, at least in aggregate.

A third method for validating the modelis to use the model to
predict demands for infrastructure under construction, and to then
compare the model's prediction with the post-opening demands. This

I o

















































































