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Abstract:

Responsible local governments are Increasingly recognising the need to be sensitive
to the local environmental implications of the planning Rather than rely on the
pressures of lobby groups to direct government behaviour in relation to community
concerns, a preferred strategy is to Identify the preferences and choices of the
community as a whole and to use information from a representative cross-section

- from the community to aid in making environmentally-linked decisions which

. maximise the benefits to the affected community. This paper demonstrates how

- discrete-choice models can be used to identify community choices between

also indicate the loss of orthogonality which is unavoidable when discrete-choice
models are estimated on disaggregate data as distinct from grouped data
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Introduction

More and more local Governments in Australia are becoming increasingly sensitive and
responsive to community concerns Often the concerns expressed by community groups
are strongly influenced by a vocal minority who may not represent the views of the silent
majority. While recognising concerns expressed by lobby groups, it is importtant to
establish the extent to which such views are associated with the views of the communit
as a whole. One way to establish symbiosis 1s to develop a set of procedures to determinz
the preferences and choices of a representative sample of community members with
respect to the issue(s) of concern

The purpose of this paper is to show how discrete-choice models can be combined
with stated choice data obtained from a sample of community residents to identify
community choices between alternative ways of improving the traffic on sub-arterial
roads which pass through local areas. Such waffic is attributable to decisions regarding
the location of offices, factories and retail outlets The approach represents an appealing
method to assist local government in responding to the complaints of the vocal minority
so that effective decisions on environmental matters will be consistent with the needs and
concerns of the population as a whole.

The paper is organised as follows. We begin with a brief outline of the empirical
context in order to establish an appreciation of a typical public issue which should
concern local government  This is followed by the development of a stated choice
experiment and some comments on the interface between choice experiments and discrets
choice models estimated on individual-level data The empirical survey instrument is
discussed in the context of data collection and followed by the econometric results The
major outputs of the approach are documented to highlight information which -
govermnments can use to make environmentally responsible decisions which impact on -
communities. -

Community input into local government related environmental issues

Shopping cenires and industrial parks are major generators of traffic. When major arterial |
roads become inadequate to efficiently handle such maffic, there is greater use of local and

sub-arterial roads to move predominantly through traffic. Residents are natorally . o

disturbed by such developments which bring increased exposure to risk, higher noise -

levels and deterioration in quality of residential life. In response to neighbourhood
protests a number of local governments have implemented road closures and/or local

traffic management measures such as speed humps, small roundabouts, mid-block

islands and thresholds These strategies are designed to encourage through traffic to stay e .

on relatively-heavily congested arterial roads, .
There are many examples of traffic build up on local and sub-arterial residential
roads throughout the world which is directly attributable to decisions made by local
governments in support of an application to establish a major shopping centre ot
industrial complex Businesses increasingly are being asked to consider the traffic
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implications of their development proposals and to finance suitable traffic management
schemes to ensure that the Jocal residential environment is not disadvantaged by the
attraction of non-local traffic,

To aliow for new traffic attributable to an investment, the local government needs to

communities can play in the design of community-
strategies This approach enables local government

quite substantial

The empirical study is set in Australia, where many sub-arterial roads in major
metropolitan areas are predominantly residential streets Typically levels of traffic on
many sub-arterial roads normally would be associated with major arterial roads (including
freeways). Some locations around major shopping complexes and industria} parks have

reached such unacceptable levels of exposure to accident risk that some local

esidential streets, but this
should not be achieved at the expense of filtering current traffic onto local residentia)
streets. The idea of SATM is 1o improve the safety of sub-arterial roads with measures
that lower maximum speeds along roads and reduce the variability in speeds along these
roads. Both dimensions are known sources of exposure to accidents

The stated choice experiment

Any plan to improve local traffic consequences requires careful assessment of both
benefits and costs. Benefits are primarily reductions in .

» and reductions in noise levels, The main costs are actual outlays
on installation and maintenance A number of well-tested traffic management devices can
combine to define 3 SA TM scheme, each of which has different speed, noise and cost
implications. Qur task is 10 establish a mechanism for measuring preferences of the
affected communities and, hence their choices in relation to alternative device schemes

The devices considered by local government traffic engineers are
Toundabouts, mid-block islands and thresholds. Four combinations of the three types of
devices were pre-determined to recognise road geometry constraints on the placement of
“devices along roads in the study location. The four schemes are depicted in Figure 1

The four SATM schemes were proposed for a busy sub-arterial road in a suburb 12

kilometres from the centre of Sydney, Australia. We sought to measure community

Preferences for these schemes using a survey instrument in which residents evaluated
different schemes. A rating scale was used to obtain a metric measure of relative utlity.
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Figure 1 Pictorial representation of the alternative schemes administereq
to respondents




Each responden
showcards associated
administered a5 a pe

ted by the funding
close-by residents and 34 other residents
In addition to the experimental design data, we also obtained information ugefy] for
investigating (i) how a resident's role as a car user affected their preferences (ii} how a

resident’s role ag g pedestrian affeced their preferences (iii) how a tesident's time living

in the local government area affected their preferences, (iv) how the schemes affecied the
.- resident's access to their own street, and (v) whether the resident's household income
- had some effect on preference
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Table 1 The SATM schemes derived from a two-stage experimental design

Scheme Speed at Speed Noise level ~ Funding
device between
devices

a5 80 Council $16,000

20 55 State $16,000

45 55 Rates $7.50 per resident
20 30 Council $16,000

70 80 Rates $8.50 per resident
20 30 Rates $8.00 per resident

45 80 Council $19,000
70 R0 State $19,000
70 80 State $19,000
45 55 State $19,000
20 55 Council $19,000
20 35 Council $19,000

20 30 State $18,000
20 80 Rates $8.00 per resident
45 55 Rates $8.50 per resident
20 80 Rates $8.00 per resident
70 80 State $18,000
43 35 State $18,000

45 80 Council $15,000

70 80 State $15,000

20 55 Council $15,000 _
20 80 Rates $7.00 per resident
45 55 State $15,000 :
20 55 Council $15,000

threshold  midblock roundabout
roundabout midblock roundabout
roundabout threshold roundabout
threshold  threshold roundabout
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Figure 2 Exampie showcards used to elicit rating responses
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The discrete choice model for scheme choice

The stated choice data were transformed into a first preference response (choice) set with
the highest rating assumed to be the most preferred alternative. The unit of analysis is an
individual respondent. Each respondent had a choice set of four schemes with 16 choice
sets considered by the entire sample The multinomial logit technique (Hensher ang
Tohnson 1981) was used to obtain parameter estimates for the scheme specific design
variables (i.e. speed at and between the devices, noise level and source of funds) and the
contextual variables (e g car ownership, household incomes, affect on access, etc.) as

mentioned above. The most significant results from the model are sumrnarised in Table
2

Table 2. The discrete choice model results

Variable Alternative(s) Parameter T-ratio
Estimate

Scheme-Specific Constants

tmr tmr -0.338052 -0.80
Tmir mr 0407803 1.00
i rir -0.426389 -1.00
Other Effects
more noise ttr -0576124 -1.8
less noise tr 1.01052 23
Council fund scheme rmr -1.22295 26
speed between devices ali (1042274 -5.3

interacted with use
as pedestrian at least

once per day
local resident i 0 566070 1.93
local resident 147114 0663810 1.70
local resident tr 0.661558 162

Likelihoods

likelihood at zero -228.74
likelihood at -177 .36

convergence
likelihood ratio 0.22

Multinomial Logit Model: Maximum Likelihood Estimation Scheine shares:
tmr=.1879, rmr= 333, re= 1879, ttr= 2909
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Discrete-choice methods such as the multinomial logit model estimated on individual data
require the differencing on the attributes to be the chosen alternative minus each
and every non-chosen alternative Combined with the natural correlation in the real
world of certain attributes such as speed at devices, which cannot plausibly be greater
than speed between devices, maintenance of design orthogonality is difficult. One tries to
minimise correlations resulting from differencing by using fractional factorial designs
Hensher and Barnard (1990) illustrate the difficulty of retaining design orthogonality
when individual choice data (in contrast to aggregale choice proportions) are used to
estimate discrete~choice models. The attribute differencing problem can be circumvented
by aggregating data over replications either within or across individuals, and analysing
choice frequencies (Louviere and Bunch 1989, Van Berkum 1987, Offen and Little
1987).

The design atiributes which explained the largest variation in choices between
schemes were speed between devices, the level of noise at each device and the source of
funds to pay for the scheme. Speed at each device was not statistically significant
Although speed between devices was an important influence, it interacted with use of the
affected street as a pedestrian, which was not surprising as 60 percent of the sample use
the affected streets at least once per day as pedestrians. The noise dimension was defined
by three dummy variables {more than cmrently, less than currently, and the current level)
with one excluded from the model In individual-level discrete choice models, atiributes
which do not vary in magnitude across alternatives have to be specified as alternative-
specific and assigned to a maximum of J-1 alteinatives (where J is the total choice set).
The two noise attributes were assigned to three of the schemes, and their parameters
were consizained to be equal across all three schemes, and also were allowed to be
unconstrained. The only statistically significant scheme-specific noise aitributes were
those associated with scheme 4 ( two thresholds and a roundabout (tt)). All other things
equal, the relative utility associated with scheme 4 is inffuenced statistically (positively)
by areduction in noise, and negatively by an increase in noise compared with the other
three schemes (where the noise parameters were set to zero). This resuit applies for the
total sample of local, close-by and other residents of the local government area 49

peicent of the sample are local residents and 30 percent live in streets close to the SATM
streets.

In contrast we found that on average local residents who live on the affected streets
prefer schemes 1, 2 and 3 compared to scheme 4. We suspect this is because thresholds
(of which there are two in scheme 4) have a desirable overall noise benefit, but are less
appealing on other attributes. In particular, the mean parameter estimates for the three
scheme-specific dummy variables for local residents suggest that roundabouts are
preferred Speed between devices appears to be a generic effect across all four schemes.
The average speed associated with each scheme is respectively 38.9 kph, 36.6 kph, 38 4
kph and 38.8 kph The mean elasticity of probability of choosing a scheme with respect
to the speed between devices conditional on pedestrian use (standard deviation in
parenthesis) is : tmr = -1 338 (1199}, rmr = -1.111 (1.032), 1tr = -1 345 (1.205), ttr= -
1.141 (1 066)

The scheme-specific constants {set to zero for scheme 4 tir) account for the mean
effect of the unobserved influences on scheme choice. Relative to scheme 4, the mean of
the unobserved effects exerts a downward bias for schemes 1 and 3 and an upward bias
for scheme 2 Overall scheme 2 is the most preferred with a mean probability of choice
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equal t0 0.324 The mean choice probabilities for schemes 1, 3 and 4 are respectively
0.190, 0 183 and (.303.

Use of the stated choice model for prediction

The results from the stated-choice model can be used to identify schemes which are
acceptable to the community as a whole, and the residents in the directly impacted locality
in particular. This can be done by determining the probability of choosing a particular
scheme by each of the populations So that the choices of schemes available to the
community are realistic we need to select combinations of meaningful ranges of the
statistically significant attributes that influence the community's rating, and choice of
schemes.

To make the choice simulation manageable, we varied the two significant design
attributes: speed between devices and noise level for each class of resident (local vs non-
local). By introducing individual difference effects, we allowed for the conditioning that
choices have when they are evaluated by the residential populaton. The selection of the
scheme which is to be implemented must be determined by an expectation as to what
speed configuration, associated with each scheme, is acmally likely to occut if it is
installed.

Thus our simulation approach requires us to estimate a table of community
probabilities by speed between devices and noise levels at devices for each scheme for
cach community group. Given site-specific feasible speeds we can apply the estimated
model to identify the resident population's most preferred scheme. A summary of choice
probabilities for each scheme is given in Table 3

Scheme specific mean choice probabilities were calculated by application of the
utility expressions for each alternative, as given in Table 2, and the multinomial logit
form of the discrete-choice model. For example the utility (U) of the tmr (threshold,
midblock, roundabout) scheme is given as:

Umr = -0338052 - 0.042274 (speed between devices * pedesirian use dummy) +
0.566070 (local resident dumimy variable)

Similarly the utility expressions for the other schemes are given as:

Umr = 0.407803 - 0.042274 (speed between devices * pedestrian use dummy) -
1.22295 (Council funds pays for scheme) + 0 663810 (local resident
dummy variable)

Utr = 0426389 -0.042274 (speed between devices * pedestrian use dummy) +
0.661558 (local resident dummy variable)

Ut = -042274 (speed between devices * pedestrian use dummy) - 0.576124

(more noise than currently dummy) + 1.01052 (less noise than currently
dummy).
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The probability of choosing scheme ; = exp(U. i)/(epr[mr+eprrmr+eprm+eprm)

Table 3. Predictions of community choice of schemes

Scheme Speed between Noise level Probability of choige of scheme
devices (kph)  for scheme

Local Non-local

40 high 0.232
40 low 0.135
60 high 0.207
60 low 0.127

40 high 0371
40 low 0222
60 high 0438
60 low 0268

40 kigh 0.212
40 low 0.123
60 high 0.190
60 low 0116

40 high 0183
40 low 0519
60 high 0.164

has 5 Strong influence on scheme choice. For example, if a tr scheme has neise level
greater than the current wraffic level, the probability of choosing it at a mean speed of 60

tlometres per hour (kph) between devices i 0.094 for local residents and 0 164 for non-
local residents If noise level
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The above evidence was calculated to teflect the range within which speed and
noise is likely to actually occur if a scheme is implemented It is likely that a mean speed
close to 60 kph will occur and noise levels at the devices will be lower than currently
Under this scenario the scheme most preferred by the local residents is scheme 2 {1mr)
with a probability of 0.356. Ttris a close second (probability 0.335), primarily becauge
of the noise reduction. For non-local residents scheme 4 is a clear winner. This is an
intuitively plausible result because non-local residents think thresholds will Limit their
behaviour less than roundabouts and mid-block islands because the threshold enables a
vehicle to continue to travel in a straight line. In contrast, roundabouts and mid-block
islands tend to force a slower speed overall and require more competition with waffic
entering the traffic stream from other directions However roundabouts and mid-biock
islands have more beneficial features for local residents.

Conclusions

The choice modelling approach developed in this study provides an appealing framework
within which community concerns arising from the actions of local government can be
incorporated in the planning process. A combination of discrete-choice models and stated
chotce data at an individual resident level provides a method to identify which maffic
management decisions will accord with the greater desires of the community. The -
approach outlined above is relatively simple to implement and provides intuitive outputs -
to assist in making effective decisions In ongoing research, we are extending the
empirical study to evaluate the temporal stability of community preferences with Tespect -
to the choice of devices and schemes. :
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