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Introduction

The National Inquiry into Urban Air Quality in Australia, conducted by the Australian
Academy of Technological Sciences and Engineering for the Minister of the Environmen,
Senator Hill, provided CSIRO with the opportunity to develop a framework thar links
general urban form with air quality The Inquiry aimed to identify current trends, scale
and likely future sources of carbon monoxide (CO), sulfur dioxide (80,), oxides of
nitrogen (NOx), lead particles (PMy,} and photochemical oxidants including ozone
precursors (VOC), and recommend measures to improve air quality in the medium (5-10
vears) and longer (10-13 years} term Emphasis was to be on energy use, pollution
emission and impact, monitoring requirements and transport mitigation strategies. Task
groups examined various sources of pollution, and the author of this paper was a member
of a task group led by Dr Peter Newton of CSIRO BCE which examined the role of
planning and design in urban air quality (Newton 1997)

A case study of Melbourne was undertaken to demonstrate the impact of urban form on

future urban air quality Using 1991 as the base year, growth scenarios for 2011 were applied

and corresponding pollutant emissions were forecast for 2011. The growth scenarios

follow three urban forms considered by Minnery (1992), along with a ‘business-as-

usual’ option:

« Compact — increased dwelling and population densities in the inner and middle city
suburbs, reducing pressure for fringe expansion

e Edge or multi-nodal — high-intensity development in distinctive clusters that possess
the characteristics of CBDs. These centres are relatively self-contained with substantial
concentration of jobs, retailing and entertainment.

« Corridor — growth emanates from the inner-middle suburbs to the fringe along key
transportation routes

e Business-as-usual — current growth rates and direction are allowed to continue

Model components

Analyses of urban air quality frequently adopt a micro approach into the identification and
examination of sources of emission. Firstly, sources are classified into four categories:

e Link-based emissions come from mobile sources, such as cars and freight trucks, and ..

occur over defined network links such as streets and freeways .
e Area-based sources refer to those urban features and activities that occur and produce

emmissions over wide areas of land. These include residences, dry-cleaning shops, gas .

stations and lawn mowing, .
« Point sources refer to individual sites, such as oil refineries and steel factories, where

significant amounts of emissions are produced
* Biogenic sources are plants and vegetation that produce emissions as by-products of.

natural processes.

Surveys performed by the Victorian Environment Protection Authority (EPAV)_ for' '
Melbourne were used to identify the type, amount and location of etnissions over 2 gl‘_f‘_’fﬂk i
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. region. These surveys or emission inventorieg Provide detailed information on the statug
“and distribution of ajr emissions for the period unde; consideration However, such
-surveys provide limited insight into the condition and distribution of air quality under
~ hypothetical scenarios A macro approach is then needed to provide the strategic
mformation required to study the impact of urban growth op future air quality The
“operational aspects of this macro approach is based on the definition of scenarios using
-a traditional land use—transport model, since utban form is characterised in terms of land
“use and the associated urban infrastructure:

. is divided into homogeneous
. areas or zones, with land uses or activities specified A scenario is defined by giving
- the population engaged in each &Ctivity within each zone for a given time period.

* Link emissions age obtained by applying a fransportation gravity model to thege land

°' use scenarios. The gravity model generates and distributes trips between each pair of

" zones, depending on the trip generation and travel impedapce properties of each paii

- of activities, The trips are then loaded into a road Detwork to produce taffie flow. The
level of congestion on each link determines the amount of emission produced for that
ink based on th parameters provided by the EPAV inventory
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Figure 1 Components of the LUTE model

read a wide range of data formats; the Excel file format can also be read by most GIS
In short, Excel provides the basic data maintenance, data management and data analysis
functions of a GIS without the price tag, expensive computer hardware and the steep .

learning curve.

Input and output data can be logically organised in Excel using workbooks, worksheets . -
and cell ranges. For example, the land use data, road network and emission generation
parameters for the 1991 base case were stored in the workbooks ‘landus91xls’,
‘r0ad91 xls’, and ‘efac1991 xls’ respectively Similarly, various land use, road network
and emissions workbooks can be used to provide data for the ycar 2011, which can then
be mixed and matched to create a multitude of future scenarios. Aside from textual and
numeric data, workbooks can also contain charts, maps, drawing objects, pictures, macros,
dialogs, embedded objects and Visual Basic programs

The contents of a workbook are organised into sheets The ‘road91 xls” workbook, as
shown in Figure 2, consists of the ‘Nodes’, ‘Links’ and ‘Types® worksheets which contain
data on network nodes, links and link types, respectively. Within a worksheet, names can. .~
also be assigned to groups of cells so that a matrix of related values can be treated asa -
single entity. Thus, in the ‘Links’ sheet, ‘roadlinks’ refers to the cells containing the input - "
tink data, while ‘roadflows’ and ‘roademiss’ point to the cells that will receive the output - -
link flows and emissions data respectively. Range names are used to transfer groups of -
data when calling data analysis modules These modules are linked to Excel via Visual’

Basic commands and OLE (object linking and embedding) .

Object linking and embedding

OLE is available as a Microsoft Windows extension that allows applications t0 achieve . .0
high level of integration OLE defines a set of standard interfaces so that any OLE-
compliant program can interact with other OLE-compliant programs without having any -
built-in knowledge of these partner programs '




composed of functions for other objects to call By listing its interface in g registration
database, a COM object obtains 3 unique identifier to distinguish itself from other inte-
fac_:és.‘ Using this identifier as a POInter, users can calj the OLE object program as it does
ocal functions (Brockschmidi 1994) With OLE, Excel is abie to use the capabilities of
other Windows applications tg provide additiona] graphical, computational apnd
analytical functiong

Quality Inquiry, developed object library module
AM for LUTE stands for Spatial and Transport
is wii i It is a collection of classes whose
med by the integrated land uge—
emissions interface. The objects derived from these clasges have

ther applications i Microsoft Windows through OLE

that are employed by STEAM are shown in Figure 3, along with

tasks required. The entire STEAM application is repiesented by the

i i asses. Excel creates an instance of I'SteamApp

STEAM functiona]ity, such as calculating the trips Originating

2 in each activity zone, distributing the trips between each pait of origin-
nes, and creating transport network objects.
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Figure 3 STEAM classes and tasks

The TransportNet class encapsulates the components and actions of a mode of transport
and performs the route assignment part of the gravity model. It contains data objects to
store information on the nodes {class SteamNode), link characteristics (class SteamLink)
of the network, and link types (class Steaml inkType). TransportNet provides the network
data to an equilibriumn assignment object (class EqAss) which computes congestion on
the network and determines traffic flows and average speeds (class SteamFlow) on the
links. It then uses the traffic flows to obtain the estimates of pollutant emissions for NOx,
80,, VOC, CO, and PM;; along each link (class EmissionsNet). TransportNet even
computes the aggregated link emissions for a given rectangular grid

STEAM.XLA: Excel add-in module

For the Excel user, familiarity with STEAM objects is not required to perform LUTE
modelling. An Excel add-in module, written in Visual Basic and also called STEAM, has
been implemented to provide a wrapper and hide the complexities of the STEAM object
library. The user only needs to call the methods in STEAM XL A with the appropriate
parameters, just as with any other Excel function or macro, to perform the modelling tasks
Figure 4 shows a Visual Basic module making references to one of STEAM’s objects

The LUIE methods in STEAM XLA are grouped into TripGeneration methods and
TransportNet methods The former represent calls to a TSteamApp object, while the
latter uses a TransportNet object For example, the trip generation step can be performed -
with a call to the CalcZoneTrips method like:

CalcZonelTrips ‘ZonePopn’, ‘GenRate’, ‘TripsGen', ‘AttRate’, ‘IripsAntr’

where ZonePopn is the 1ange name for the cells containing the activity populations of the

zones, GenRate is the 1ange name for the cells containing the trip generation rates Uf o

activities, AsiRate is the range name for the cells containing the trip attraction rates of

activities, IripsGen is the range name for the cells receiving the computed trips generaifﬁd '
for each zone, and TripsAftr is the range name for the cells receiving the computed tips .
generated for each zone o




e
T e
T
e et

Excel Modules for LUTE Modelling

sl s T T

Ty
e R

fansportNet object to be created
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Sub Run2010RoadTrips()

Dim TransNet As Object
Dim IsOK As Boolean

‘Greate instance of TransportNet in TransNet given network components
IsOK = GetTransNet(‘roadnodes’, ‘roadtypes’, ‘Toadlinks’, TransNet)

‘If object is successfully created
If (tsOK) Then

‘Initialise TransNet with freeflow and congested flow emission rates
InitNetEmissions TransNet, ‘FreeFlow’, ‘CongFlow’

‘aliocate trips according to mode split and

‘calculate link flows and link travel times

CalcDailyTimes TransNet, ‘zonerefs’, ‘ZonTripDist, ‘roadfiow’, hourlypropn’,
‘roadshare’

‘compute interzonal travel times
GetTriipTimeMatrix TransNet, ‘roadtimes’

‘compute pollutant emissions on links
GetNetEmissions TransNet, ‘roademiss’

‘aggregate link emissions for 65x65 grid

‘from coordinates {144 2, ~38.5) to (145.7, —37.3)

GetGridLinkEmiss TransNet, ‘LinkEmiss’, 144.2, —38.5, 1457, —37 3, 65, 65
[End if

[End Sub

Figure 5 A user-defined module calling TransportNet functions in STEAM.XLA

Key findings

The results of the case study (Newton 1997) show that any one of several strategies (ie
corridor city, edge city, compact city) designed to deliberately channel and concentrate
additional population and industry into specific zones within a large city such as Melbourne,
when supported by simultaneous investments in transport infrastructure, will deliver
environmental and efficiency benefits that consistently outperform those associated with
a business-as-usual approach. In the case of population exposure to photochemical smog
in Melboume, for example, a corridor development scenario for 2011 delivers a 55%
improvement over the 1991 base case. The compact and edge scenarios also delivered

significant enhancements at 24% and 21% respectively. On the other hand, business-as- - - .

usual development produced an increase of 71% in human exposure to pollutant dosages
above recognised Air NEPM limits

The business-as-usual approach distributed new residential and service populatiens ?“ o
each zome or ring in proportion to 1991 levels. This corresponds to the recent push 1t
Melbourne (and other cities) for dual occupancy and inner city development S







