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Introduction

Communities are increasingly concerned about the adverse environmental impacts of UIban
transpOIt, such as air pollution, traffic accidents and travel delays due to congestion, mostly
associated with a high level of private car use In an attempt to turn around the continuously
worsening trends in the state of the urban environment, it is becoming increasingly
impOItant to derive what might constitute a future "sustainable transport system" 10
achieve such a system, there is a need to define appropriate policy and management
measures and to set "sustainable targets" fOI transpOIt and environmental parameters which
might then be monitored to identify progress in meeting these targets

Due to the traditional concentration of administrative, retail, business and entertainment
functions in large metropolitan regions, Central Business Districts (CBDs) attract the
highest levels of congestion and their associated environmental impacts CBD areas
therefore require special attention in determining appropriate policy options to alleviate
congestion and its conseqnences One element of these policy options is parking policy

Parking is an unavoidable component of every vehicle trip The availabiliry of parking
determines the accessibility of a site by private car. If land is not restricted, the usual
objective of transport planning is to provide sufficient parking places fOI the predicted full
demand associated with a site There are well developed methods to estimate the required
parking supply to satisfy demand However, in central city ar'eas where space is usually
scarce, it is now generally accepted that not only is it impossible to satisfy the total parking
demand but it is neither desirable to do so A restrictive parking policy has long been
recognised and used as a necessary and effective means of Travel Demand Management
(TDM) to discourage private car trips into CBD areas

A substantial amount of literature has dealt with issues related to parking policy in central
city areas, and there is a general consensus among professionals as to the necessity of
restricting parking availability to a level somewhere below the total demand However, no
information was found on what might be an 'optimal' level of parking supply in such
constrained situations Therefore, in this study we attempt to address the question: is it
possible to define a "sustainable target" level of parking supply in CBD areas, and if the
answer to this question is "yes", what is that level The main focus of the study is the
Sydney CBD, but the findings may be relevant for other Australian and overseas cities The
study includes a literature review on TDM measures and parking policies, a comparative
analysis and evaluation of parking data and policies in selected Australian and overseas
cities, a mathematical modelling of some fundamental relationships between parking and,
modal split parameters, and finally the fOImulation of conclnsions and recommendations
The following sections of the paper provide a summary of the above components of th
study based on Cuthbert (1997)
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Parking Policy as a TDM Measure

highe; activity centres having reasonably convenient "alternative" access modes such as
public transport

M'Glynn, Newman and Kenworthy (1991) claim that in many cases the over-provision of
parkiug can have significant detrimental effects, such as increased motor vehicle
dependeucy, energy use, pollution and congestion, and a non-productive use of valuable
urban land Essentially, over-provision leads to a deterioratiou in the urban environment
However, just what is meant by 'over-provision' is not clearly defined

Parking policy in the Sydney CBD

Ihe existing parking policies can be traced back to the 1971 City of Sydney Parking
Control Code (Urban Systems Corporation, 1971).. The 1971 policy was developed with the
objective of ensuring that the supply of parking within the CBD did not geuerate traffic to a
level that exceeded road capacity within the CBD The 1971 code encouraged the
developmeut of fringe parking srations, and expected commuters to use public transport to
travel between the parking station and the workplace

rhe current offCstreet policy was enacted in 1996 in the Central Sydney Local
Environmental Plan (Sydney City Council 1996b) and Development Control Plan (Sydney
City Council 1996c), and a new off-street parking policy is under developmeut by Council
Ihe current policies relating to parking have evolved from the initial need to constraiu
traffic so that road capacity was not exceeded. I raffic constraint is now also viewed from
the perspective of minimising the environmental impacts associated with accessing the
Central Business District Policies ar·e designed to discourage commuter trips by car rhe
council has a !arget morning peak modal split of 80 % access by public transport,
representing a net shift of 5 % towards that mode from the current 75 % (Sydney City
Council, 1995).. Council also seeks to maintain or improve private car accessibility for
short-sray uses such as shopping, deliveries and business-related visits Ihis is iu
recognition of the greater inconvenience associated with many short-terID uses such as the
transporting of goods, and the higher time penalties associated with using public transport
in off-peak periods. This greater need is particularly evident when comparing the travel
times to the time of stay Coutinuing support for short-sray parking also recognises the
economic contribution of those visiting and doing business in the city. Their business could
in some cases relatively easily be transferred to a suburban location which would result in
economic decline of the CBD The strength of the CBD is vital in supporting a viable
public transport system, not only for the CBD but for the whole Sydney region

As the "owner" of kerbside parking ar·eas, Council can directly control the availability and
cost of this parking area Consequently the use of kerbside parking space has received
significant atrention During business hours approximately 4,000 spaces are available for
on-street parking (Sydney City Council, I 996a). Using kerb space for parking (for other
than loading/unloading) represents a low priority use, and in particular, long-stay commuter
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Parking Policy as a TDM Mea,ure

represents a cost of approximately $1.10 per day, when an early-bird user would raise
fifteen to twenty dollars for the operator each day. Although the charge is passed on 'up­
front' to monthly lessees, it is likely that any possible reduction in parking demand would
have been counteracted by the existing under-supply of parking through the implementation
of other policies. Also, it is questionable if such a policy would be effective in deterring
those receiving parking subsidies or company-owned cars. It is likely that as parking
becomes more constrained, the proportion of subsidised parkers increases, and the
proportion of paying parkers decreases. Continually targeting a diminishing proportion of
parkers will result in very high charges that penalise what may be an occasional long-stay
user

If a parking station operator is not complying with the conditions of development consent,
Council can rake the operator to the Land and Environment Court Ihis can be a reasonably
expensive process with court, legal and evidence collection costs The collection of
evidence can be difficult due to parking stations concealing their non-complying
operations Sydney City Council officers have discovered parking stations operating during
the curfew hours even though their advertising indicated that the car park opened after the
curfew. In another case, Council learned that a vehicle parked all day (such as in an
"Earlybird" scheme) was charged less than half of the advertised rates, even though a
condition of approval was to implement the Council's pricing structure.

Comparison of parking policies

In this section we examine how differences in parking policy and implementation has led to
differences in travel patterns to Central Business Districts By analysing how effectively
policies impact on transportation performance, conclusions can be drawn as to which policy
characteristics successfully reduce cm use

Information was collected through questionnaire surveys, literature search and personal
interviews (for the Sydney CBD) To assess the effectiveness of a parking policy on travel
demand, the written policy needs to be compar·ed with numerical data that measures the
degree of implementation and the effectiveness of the measures. It was decided to
concentrate on work trips because they provide a good opportunity to reduce travel demand
due to the following reasons:

• Commuters represent approximately one quarter of all trips made (US data from Orski,
1991);

• The commuter usually has a consistent origin, destination and departure time throughout
the working week Ihis means that their potential knOWledge of alternative public
transport services and car pooling opportunities are likely to be higher than that of other
groups;
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Parking Policy as a TDM Measure

The role of economic development is an objective in most of the policies, but this role
appears to be concerted with the concept of maintaining the environmental quality of the
centre Low car use cities regard accessibility for people rather than for cars A major
component of this is pedestrian amenity, and most policies indicate that controlling traffic
is a major component of facilitating pedestrian access.

Short-stay parking is regulated in all cities However it appear·s that none of the cities in the
sample sought to control the supply of short-stay parking This probably is because it is
apparent that restricting short-stay parking provision has direct economic impacts. The
primary role of parking authorities in relation to short-stay parking is through manipulating
the price of on-street spaces, so that nearby on-street parking is available to users close to
their intended destination.

Moderate Car Use Cities (commuters travelling by car between 40 % and 60 %)

The cities in the sample are (in increasing order of car use) Ottawa, Vancouver, Brisbane,
Winnipeg, Los Angeles and Calgary Viewed as a whole, cities with moderate car use have
similar ideas in their parking policies as low car use cities Once viewed individually, it can
be seen that policies are less comprehensive in their scope. Policies focus on the role of
parking as part of a transportation system. All cities mentioned the role of public transport
as an alternative to car travel, and sought to encourage transport use Four of the six cities
stated a mode split goal

Ottawa (the lowest car use in this division) was the only city to discuss the impact of
parking policy on pedestrian amenity. The role of short-stay parking is less well defined in
many of the policies. Winnipeg, Los Angeles and Calgary did not address the issue of
short-stay parking in their responses Ihis suggests that access to short-stay parking is not a
siguificant issue within these CBDs

High Car Use Cities (commuters travelling by car greater than 60 %)

Ihe cities in the sample are (in increasing order of car use) Adelaide, Edmonton, Perth,
Wellington, Saskatoon, Christchurch and Parramatta None of the cities had a mode split
goaL The role of parking supply as a means of ensuring economic development is dominant
for all cities. In some cases this is described in terms of encouraging CBD use, or
maximising CBD access.. Many cities sought to maximise the availability of parking within
environmental and road capacity constraints, although some cities express the desire to
control the development of commuter parking. Christchurch considers the objective of
economic development to be more important than its parking facilities recovering
operating costs

Interestingly, five of the seven cities mentioned the role of short-stay parking and the need
to ensure its availability This may be related to the desire to maximise economic
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Figure 1 Relationship between long-stay parking supply and
proportion of' car use in Austr alian cities
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increase in car use However, because of the small number of data points, the general
validity of this relationship is questionable, and better results can be expected from an
analysis of the full dataset including overseas cities

Figure 2 shows the same relationship for all the available data Some data points were
excluded from the curve fitting process, as these were considered 'outliers' that would
distort the curve; these data points are denoted by a hollow symbol The data in Figure 2
suggest that car use initially increases rapidly as parking availability increases .. However
the rate of increase decreases until a maximum car use is reached at about 80 per cent car
mode split Ihis is supported by the Curve fits, althougb the lack of data points above a
parking availability of 0 I spaces per full-time employee (FIE) results in the curve
deviating significantly from the data The proposed model appears to fit the data reasonably
well, and is consistent with the model proposed by Morrall and Bolger (1996)

It appears that once parking availability exceeds approximately 05-06 spaces per FIE,
long-stay parking demand is satisfied, and further increases in parking allocation have little
impact on modal split. It is likely that at this level of parking supply those not driving a car
do so as a result of lack of choice as public transport captives, or a more attractive
alternative mode of transport

At the other end of scale, mode split is very sensitive to changes in parking availability If
parking availability is below 04 spaces per full-time employee, a unit rednction in parking
availability results in a greater than unit reduction in the proportion of commuters using a
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Implications for the Sydney CBD

The Sydney CBD has the second-lowest parking availability and car use within the
Consequently it is expected that there would be a substantial degree of error in
estimates of impact. Nonetheless, examining how changes in parlcing availability can
car use is still a useful exercise to obtain a first order estimate

Once the World Square development (Sydney City Council, 1997) is
approximately 2,500 extJa spaces will be added to the CBD parlcing supply Using
parking data in Accessible City, this represents a ten pe! cent increase on existing
from 0. 139 to 0. 153 spaces per FTE Sydney does not plot on the minimum SSE line
Figure 2, which means that directly applying the ntinimum SSE equation would
large relative error

To compensate for this, the differential of the ntinimum SSE equation can be used
gradient estimate, and then the new point is estimated using a multiple step Euler
(Kreyszig, 1993) This effectively draws a curve parallel to the minimum SSE line
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Parking Policy as a TDM Measure

technique yields a car use of 0.261, representing an increase of about 4,500 commuters
travelling by car as a result of the increase in parking supply,

Sydney City Council has a mode split goal of 80 % of commuters travelling in by public
transport ASSUming that this is equivalent to a 20 % car use, this can also be forecast using
the same technique as above, Starting from a basis of the World Square parking spaces
being available, parking availability needs to be reduced from 0 153 to 0,119 spaces per
FIE fhis requires approximately a 20 per cent reduction of long-stay parking in the CBD,
from 27,500 spaces to 21,500 spaces

Conclusions

In many cities, the Central Business District (CBD) has a policy restricting parking so that
the limited road capacity is not exceeded Given that a restrictive parking policy already
exists, implementing IDM using this technique is most likely to be politically acceptable
Central Business Districts also are characterised by a relatively high quality of access to
public transport, providing many opportunities for travellers to use high-occupancy modes
of travel

Significant issues related to managing parking are the economic impacts of restricting the
availability of long-stay and short-stay spaces, employers subsidising parking or travel, and
equity, Examining the similarities and differences in CBD parking policies yields the
following results

• Generally cities where car use to the CBD tends to be low have a mode split goal

• Cities where car use to the CBD tends to be low or moderate mention the role of public
transport as part of their parking policy,

• Cities where car use to the CBD tends to be low or moderate express the need to reduce
long-stay parking High car use cities did not address this issue or the issue was not
prominent

• High car use cities tend to have a policy that focuses the role of parking as a means of
facilitating the economic development of the CBD

fhe effectiveness of these parking policies is expressed in the degree of commitment by the
city to reduce traffic flows, if that is a commitment at all

By comparing the availability of long-stay parking to car use, it was found that car use
increases in a quasi-logarithmic fashion as parking availability increases, Car use
approaches its maximum value of approximately 80 per cent once parking availability
exceeds 06 long-stay parking spaces per full-time employee Below 04 spaces per full-
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time employee, a unit reduction in parking availability results in a greater than unit

reduction in car use,
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Ideally car use data would have been recorded as the proportion of single occupant vellicles
accessing the city centre Most of the North American data provide a mode split
separates car drivers and passengers However data from other sources did not, and in
cases only a public transport mode split was provided

Several deficiencies can be identified in this approach The most significant deficiencies in
the analysis relate to the availability and the quality of data Data was collected from a wide
variety of sources, with authorities in different countries placing a different emphasis on
certain aspects of parking management The poor response from the mail and facsimile
survey of parking authorities meant that the majority of data points were obtained from two
North American sources (Calgary GoPlan, 1995 and Luz, 1996), which introduced a bias
into the sample towards North American cities The rest of the sample consisted of one
European city, two New Zealand cities and six Australian CBDs The lack of low car use
cities significantly affected the curve fitring procedure, and hindered the drawing
implications for the Sydney CBD policy The inclusion of more European cities would

probably redress most of these problems

For the purposes of this smdy, parking in fringe areas was excluded However from
perspective of TDM, the environmental impacts of travelling by car directly to the
and parking near the CBD are virmally identical (other than improving amenities in
central ar'ea) On the other hand, mode splits based on a cordon count will record
parkers as public transport commuters The magnimde of this activity needs to
quantified when developing policy to ensure that mode split goals acmally reflect
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It is worth mentioning that restricting parking supply to a "sustainable target" level will
be successful without additional measures aimed at maintaining and even improving
accessibility of the area by providing convenient alternative modes of transport It is
that Accessible city (Sydney City Council 1995) includes these in its integrated strategy

Despite the above deficiencies, it appears from this analysis that a "sustainable target"
of long-stay parking supply for central city areas can be defined, once a mode split goal
been set, using the relationship between long-stay parking supply and commutei car
However, it must be recognised that this is just one element of the CBD parking policy,
further smdies are recommended to investigate how a desirable level of short-stay parkirlg

supply can be defined
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