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11 Abstract

12 Every assessment of urban spatial structure requires determining the importance of activity centres. This paper gives an attempt to
13 analyse the spatial and temporal changes experienced by major activity centres in the Sydney metropolitan area. The objectives of the
14 research were first, to explore the role of main activity centres on the distribution of job opportunity across the metropolitan area, second
15 to find out whether or not these key activity centres were influential in making the Sydney’s urban structure more poly-centric rather than
16 being a mono-centric. It also estimates how accessible these activity centres are for the workforce and what their corresponding labour
17 catchment areas are. Eleven activity centres were chosen based on the preliminary analysis of Sydney’s planning and development doc-
18 uments and exist evidences on living and working spots. A number of analysing techniques such as mapping of journeys to work in these
19 centres, influence circles of centres, employment preference functions, and tabular data on the levels of employment were applied. The
20 results of the analysis show that apart from the CBD, North Sydney, Parramatta and Inner City the remaining activity centres appear to
21 exert slight impact on employment distribution across the metropolitan area. There does not seem to be evidence for a significant poly-
22 centric structure in Sydney metropolitan area in regarding with employment recruitment, seeking and retention.
23 � 2017 The Gulf Organisation for Research and Development. Production and hosting by Elsevier B.V. This is an open access article under the CC
24 BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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271. Introduction

281.1. Literature review

29Cities and urban spatial structure have had a long his-
30tory of research by economists, planners, geographers
31and others. The focus has been on the theoretical founda-
32tions of urban spatial structure and empirical foundations
33primarily through development and testing of various
34mono-centric and polycentric urban models (Baumont
35and Gallo, 1999). The understanding of urban spatial
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36 structure from these studies has been influential in the
37 modelling of future growth patterns for cities (Clarke
38 et al., 1997; Foot, 1981; Landis and Zhang, 1998;
39 Spiekermann and Wegener, 2003; Waddell, 1998).
40 In the above models a key variable is distance from the
41 CBD or distance to the urban fringe, and there are also
42 other variables relevant to urban expansion such as
43 income, agricultural land value and transportation costs,
44 and so on. The theoretical principles of polycentric centres
45 in urban space are found in the assumptions associated
46 with urban growth strategies. For example, in A Plan for
47 Growing Sydney, released in December 2014 is largely
48 structured around the notion of a hierarchy of centres
49 across the metropolitan area, and future spatial growth tra-
50 jectories are targeted at existing and new centres thereby
51 making use of both agglomeration and location economies.
52 It could also be argued that many anti-sprawl strategies,
53 smart growth and densification strategies now common
54 in urban planning and policy (El-Garouania et al., 2016).
55 But the reactions to the concept of urban expansion inher-
56 ent in these models, are reflected in growth in central city
57 core areas and in higher density urban villages – small
58 islands of higher density development and mixed services
59 (Torrens, 2008). The polycentric centres and the urban vil-
60 lages represent some of the bumps in the monotonic den-
61 sity decay curve with distance from the CBD that is
62 typical of the mono-centric model.
63 The traditional urban economic theory relevant to the
64 mono-centric model and to the concept of urban spatial
65 structure is the model developed by Alonso (1964), Mills
66 (1967) and Muth (1969), often referred to as the ‘‘A-M-
67 M” (AMM) model. The non mono-centric theoretical
68 approach to urban spatial structure, according to
69 (Baumont and Gallo, 1999) is attributed to (Fujita and
70 Ogawa, 1982; Odland, 1976; Ogawa and Fujita, 1980;
71 White, 1976). Many empirical studies of these theoretical
72 models are found in the literature (see Anas et al. (1998)
73 and Mills (2000) for an excellent review of this literature).
74 These studies have occurred across individual cities, dif-
75 ferent city sizes and metropolitan systems in the US, Asia
76 and Europe, and these models have also been recently esti-
77 mated for cities in China (Deng et al., 2008). However,
78 these model estimations have not been part of the Aus-
79 tralian literature on urban spatial structure since the work
80 of Patton (1970). Despite this, there continues to be
81 research on understanding the formation of polycentric
82 patterns (centres or sub-centres) and of emerging speciali-
83 sations across centres in the Sydney metropolitan area in
84 particular (Parolin and Kamara, 2003; Parolin, 2005).
85 The AMM model also serves as the core theoretical and
86 empirical concept of urban land development studies
87 within and across metropolitan areas (Paulsen, 2012),
88 where remote sensing and satellite data are increasingly
89 being used to examine urban growth, urban form and land
90 use change over time (Sebego and Gwebu, 2013; Herold
91 et al., 2005). In these studies the spatial unit of analysis is

92pixel-based, and of high resolution, due to the nature of
93the data from remotely sensed sources.
94Data derived from these sources are various metrics that
95can describe land use, land cover, landscape features,
96urban growth and urban land development, in addition
97to urban ecological processes. Metrics such as size, shape,
98density, length and contagion, and so on, have been shown
99by Alberti and Waddell (2000) to be important in urban
100modelling given their effects on the spatial pattern of land
101use and cover on various social and ecological processes.
102Paulsen’s (2012) work in particular demonstrates effec-
103tive calculation of urbanised land area from satellite ima-
104gery for 300 US cities over 3 decadal observations (1980–
1052000) and at a 30 m resolution. In this study, the data on
106what is urbanised land is consistently defined by classifica-
107tion through the multi-temporal data sets. Paulsen (2012)
108then relates changes in urbanised land area to three factors
109- population, household income and value of agricultural
110land. A key conclusion of the study was that the mono-
111centric, 3 variable, model continues to explain 75% of the
112variation in city sizes and that this offers some fundamental
113insights into the drivers of urban land markets. It is inter-
114esting to note that McGrath (2005) who undertook similar
115analysis, but only using 33 of the largest US metropolitan
116areas, came to similar conclusions about the continued rel-
117evance of the mono-centric model. However, McGrath
118(2005) used the US census definition of urbanised land area
119as the dependent variable of study not the pixel based
120definition.
121In spite of the successful empirical work of Paulsen
122(2012), his study concludes that cities and regions in fact
123exhibit much more spatial heterogeneity of urban form
124and other features than the mono-centric, 3 variable model,
125allows for, and that these differences need to be better
126understood to make the mono-centric/polycentric models
127richer and relevant for policy.
128What Paulsen (2012) is alluding to is that urban spatial
129structure is a more complex phenomenon than that cap-
130tured by the empirical models of the AMM approach? As
131Troy (2004) noted, urban spatial structure is increasingly
132recognized as a complex phenomenon that is associated
133with cities as complex and adaptive systems. The main
134argument of this paper is that urban spatial structure is a
135multidimensional concept and falls into what Skupin and
136Agarwal (2007) call ‘‘truly n-dimensional data”, a view also
137shared by Arribas-Bel and Schmidt (2011).
138There are three implications of the multidimensional
139view of urban spatial structure pursued by this paper;
140one conceptual, one empirical and the other methodologi-
141cal. First, at a conceptual level, one must identify the
142dimensions that capture the complexity of urban spatial
143structure, and develop a conceptual model of the relations
144and inter-relations between and among these dimensions.
145A critical problem here is how to identify relevant and valid
146indices or spatial metrics to quantify the dimensions. Reli-
147ance on census data alone, or journey to work data alone,
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