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The general conclusion to be drawn from the abovementioned models is that the 
opportunity to interact, expressed as a function of distance to a central 
hypothetical market with clearly defined boundaries, is a strong organizing 
element in human activity patterns. However, new developments cause that 
geographers will need to reconsider how these models are interpreted for use in 
practical analyses. One development is the historical diffusion and current ubiquity 
of fast overland transport in many societies, which has caused that the surface of 
the world has both shrunk and shrivelled, as Waldo Tobler noted during a 
conference in 1999 (Miller 2004). Some have even proposed that distance is, or will 
no longer be an important factor for human activity patterns (Cairncross 1997); 
although empirical findings suggest that geographical distance continues to matter 
despite the fact that people continue to move ever greater distances on a daily 
basis (Rietveld & Vickerman 2004).  

A consequence of overland transport becoming faster is that cities and societies 
are increasingly defined by social relations that are sustained over much larger 
distances than has been witnessed ever before; a change already observed by 
Webber (1964). In this context Castells (1996) describes that economic and social 
flows are increasing between highly specialized nodes over much larger distances; 
thus enabling increased specialization and agglomeration opportunities. The 
reciprocities between market access and agglomeration benefits are being 
formalized in theories of new economic geography, which offers means to 
simultaneously model the impacts of market access and agglomeration forces on 
spatial economies (Krugman 1998; Fujita & Krugman 2004). All in all, one result of 
faster overland transport may be that Euclidean distance to a centre is becoming 
less and less useful as a basis for defining interaction opportunities for the sake of 
understanding and modelling land-use patterns.  Another revision to models of 
centrality may be retrieved from the insight that, despite ever increasing mobility, 
neighbourhood interactions and unobserved local factors remain to be important 
additional factors to explain the geography of human activities. Patterns of human 
activity may be substantially affected by agglomeration benefits as described by 
Castells (1996) in combination with the need for face-to-face contact (Storper & 
Venables 2004), as well as access to local services and a range of local factors. 
Thus, any effort to understand and model human activity patterns at the local level 
should include local dependencies, next to the interaction opportunities that are 
enabled by modern transport networks. One last revision to models of centrality 
may be that the costs of overland transport is not a constant or exogenous force: in 
fact, transport supply may change as a result of changes in transport demand, and 
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of areal units when analysing the relationship between interaction opportunities, 
local interactions and land-use patterns. The following questions will be addressed 
in Chapters 2 and 3 of this dissertation: 

1. Can potential accessibility measures be computed on a spatially 
continuous plane using interpolation methods without substantial loss in 
accuracy? 

2. Does the captured impact of potential accessibility on urban development 
levels depend on the selection of areal units in which data are analysed? 
And to which extent does the impact of local interactions depend on those 
areal units?  

2.2 Understanding overland transport network expansion 

The studied accessibility values themselves are driven by steadily lowering 
transport costs. Those transport costs are mainly lowered because of decisions to 
invest in specific forms and stretches of transport infrastructure. Those decisions 
are presumably largely driven by an economic logic, but other factors may matter 
as well. Because the choices for transport infrastructure may have a considerable 
societal impact, this brings forth the question what factors come into play here? Is 
it possible to reveal why certain network expansion paths are followed? And if so, 
can past investments be reproduced and can the effect of policy preferences on 
future network outcomes be predicted? Those questions will be addressed in 
Chapters 4 and 5: 

1. Which factors drive the decisions to invest in overland transport, which in 
turn lead to accessibility improvements?  

2. Is it possible to reproduce the decisions to invest in overland transport, 
and possibly evaluate the impact of policy decisions on future 
investments? 

2.3 Assessing spatial planning related impacts of the interactions 
between land-use patterns, local and long-distance interaction 
opportunities 

The reciprocities between land-use patterns, local and long-distance interactions 
are playing an important role in current spatial planning dilemmas. One of those 
dilemmas is that the ever increasing mobility of people enables, on the one hand, 
increasing potential for agglomeration economies in retail and consumer-oriented 
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infrastructure investments. All in all, the following questions will be further 
investigated in part III of this dissertation: 

1. Do dense and mixed land-use patterns have social benefits by instigating 
more people to remain in an area for a longer part of the day? 

2. Do national borders affect the impact of interaction potential on 
urbanization? And does increasing international economic integration 
have any impact on the impact of borders? 

3. What are the impacts of road network investments in terms of territorial 
equality when people are expected to move? 

In a later section a number of key methodological components of this dissertation 
will be discussed. First, however, the layout of the dissertation will be tackled.  

3 Dissertation structure 

In the following chapters a number of spatial data analyses are presented and 
discussed that contribute to answering the questions posed before. The various 
chapters differ in temporal scope and in the breadth of tackled thematic issues. A 
schematic representation of this is given in Figure 1-1. Almost all chapters that 
form the main part of this dissertation are either published or are expected to be 
published in peer-reviewed journals. The publication details of those chapters are 
indicated in Table 1-1.  

The following three chapters comprise the first section of this dissertation and 
discuss a number of spatial data analyses that serve as cases for more general 
questions concerned with accessibility and urban land use. Chapter 2 introduces 
the method to compute accessibility at a very fine spatial resolution that is used in 
Chapters 3 and 8. In Chapter 3, structural impacts of changing the shape or scale of 
areal units on explanatory analyses of urban land-use shares in the Netherlands are 
investigated. This chapter shows that there is a structural and a stochastic element 
to the effects of scale and shape on analyses; and that there are strong 
reciprocities between the degree of variance that a fixed set of explanatory 
variables can explain, and the degree of variance caused by presumably highly local 
values as captured by models with a spatial econometric specification.  

Part III of the dissertation contains two chapters that focus on investments in the 
construction of overland transport network infrastructure. Chapter 4 uses 
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estimated construction costs and passenger flow changes to examine the factors 
involved in the historical expansion of the Dutch railway network. It investigates 
the choices involved in the geographic development of the Dutch railway network. 
This analysis shows that all actors involved in railway construction, including the 
Dutch state, chose railway network expansion projects with the primary aim to 
increase passenger mileage on the railway network. It further shows that, if 
investors indeed aim to increase passenger mileage, there is a clear point of 
saturation after which further expansion options are no more available for the 
transport network. Lastly this chapter discusses the effectiveness of the ambiguous 
role that the Dutch state took in railway expansion as a direct competitor to private 
enterprises.  

Past 
  Chapter 4 & 5 

 Chapter 7  

Present 

  Chapter 2 

 Chapter 3  

 
Chapter 6 

 
 

Future  
Chapter 8 

 
 

 

   
 Local interactions Urban land use Long-distance 

interactions 
Fig. 1-1. schematic display of the prevailing temporal and thematic scope of the 
main chapters in this dissertation. 

Chapter 5 documents a model that is setup to reproduce the historical expansion 
of that network and includes a short exploration of the effects of a number of 
different institutional settings on final network outcomes.  
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Table 1-1. Publication details of the main chapters in this dissertation. 

Part I Introduction  
Chapter 1 Unpublished. 

 
Part II Analysing relationships between interaction opportunities and spatial 

organization 
Chapter 2 Jacobs, C. (2011) Integrating spatially explicit potential accessibility 

measures in Land Use Scanner. SPINlab Research Memorandum SL-10, VU 
University, Amsterdam. 

Chapter 3 Jacobs-Crisioni, C., Rietveld, P., Koomen, E. (2014) The impact of spatial 
aggregation on urban development analyses, Applied Geography, 47: 46-56. 
 

Part III Understanding overland transport network expansion 
Chapter 4 Unpublished. 
Chapter 5 

 
Jacobs-Crisioni, C., Koopmans, C.C.  (2016) Transport Link Scanner: 
Simulating geographic transport network expansion through individual 
investments. Journal of Geographical Systems, 18(3): 265-301. 
 

Part IV Assessing spatial planning related impacts of the interactions between 
land-use patterns, local and long-distance interaction opportunities 

Chapter 6 Jacobs-Crisioni, C., Rietveld, P., Koomen, E., Tranos, E. (2014) Evaluating the 
impact of land-use density and mix on spatiotemporal urban activity 
patterns: An exploratory study using mobile phone data Environment and 
Planning A 46(11): 2769-2785. 

Chapter 7 Jacobs-Crisioni, C., Koomen, E.  International accessibility spillovers and 
persistent borders: Historical growth in West-European municipalities 
(submitted to Journal of Transport Geography). 

Chapter 8 Jacobs-Crisioni, C., Batista e Silva, F., Lavalle, C., Baranzelli, C., Barbosa, A., 
Perpiña, C. (2016) Accessibility and cohesion in a case of infrastructure 
improvements with changing population distributions European Transport 
Research Review 8(1): 1-16. 

Part V Conclusions and summary 

Chapter 9 Unpublished. 

Finally, Chapters 6 to 8 in Part IV demonstrate how the reciprocity between land-
use patterns, local and long-distance interaction affects two important spatial 
planning dilemmas. Chapter 6 evaluates the long expected benefits of dense and 
mixed land-use patterns on human presence in urban areas. Through intensifying 
and lengthening human presence in urban areas those areas are expected to 
become safer and more attractive (Jacobs 1962). Using mobile phone data in 
Amsterdam, the Netherlands, the analyses in this chapter demonstrate that dense 
and mixed land-use patterns indeed are associated with more intense and longer 
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transport, land-use and the economy, Research in Transportation Economics, 31(1), 
pp. 55-62. 

  



Part II: Analysing relationships between interaction 
opportunities and spatial organization 
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urbanization processes. Priemus and Hoekstra (2009) have stressed the influence 
of interaction opportunities on location decisions of households and companies. 
Others highlight the role of easy access: proximity of transport-system entry points 
such as highway exits, train stations and airports (Atzema et al. 2009; De Graaff et 
al. 2007). Evidence that both interaction potential and infrastructure proximity are 
important for urbanization processes has recently been demonstrated for a 
number of cities (Borzacchiello et al. 2009; Borzacchiello et al. 2010). 

All in all, there clearly is a use for measures of interaction opportunity to either 
study the drivers of urbanization or model urbanization at a very fine spatial 
resolution. Unfortunately, measures that accurately identify interaction 
opportunity need to be obtained from spatial interaction methods, and typically 
have an n x n algorithm complexity because they require the solving of a full origin-
destination matrix, regardless of which measure of physical separation is applied. 
This leads to inherent computation limitations when downscaling interaction 
opportunity measures, as the number of observations n increases fourfold with 
each halving of areal unit size, thus leading to a 16 times larger origin-destination 
matrix each time the areal unit size is halved. It is clear that this is not feasible for 
modelling applications such as Land-Use Scanner (Hilferink & Rietveld 1999) or 
EUClueScanner (Lavalle et al. 2011), with n in the millions or even billions. Thus, 
heuristics are needed to compute measures of interaction opportunity at a very 
fine spatial resolution. This chapter discusses one such heuristic approach that 
centres on the spatial interpolation of a spatially asymmetric potential accessibility 
measure. It outlines the used potential accessibility measure and the method to 
downscale this measure to a fine resolution grid. In subsequent sections this 
accessibility measure is demonstrated in a case study for the Netherlands, together 
with a short comparison of the accuracy of spatially interpolating rather than 
applying accessibility levels per zone. The chapter finishes with some general 
conclusions of using this method for analysis and land-use modelling. The method 
introduced here is subsequently used in chapters 3 and 8 of this dissertation.  

2 Methods 

In this section, the used potential accessibility measure between a limited number 
of origins and destinations is discussed first. This is followed by a discussion of the 
spatial interpolation of accessibility values at the origin to a much finer spatial 
resolution. 
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Fig. 2-1. Access to people in 2006 in the Netherlands as calculated with the 
presented method. 

 

Fig. 2-2. Access to employment in 2006 in the Netherlands as calculated with the 
presented method. 
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