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1. Introduction 

This chapter provides an introduction and motivation for the research that forms this the-

sis. It gives a brief overview of the environmental problem that is to be examined and 

identifies the research objectives for the study as a whole. The research methods that are 

developed and applied to meet these objectives are also described. Finally, an outline of 

the thesis is set out.  

1.1 Fragmentation of green-blue networks 

The Dutch landscape cannot be described as exciting. It contains no mountains, no water-

falls, no canyons and no wilderness. It is densely populated and has been greatly altered 

by centuries of human activity. Through the eyes of visitors from more spacious countries 

with more dramatic scenery, the Dutch landscape may appear to offer few opportunities 

for aesthetic or recreational enjoyment. Nevertheless, what remains of green open space 

in the Netherlands is valued highly by its residents and is strictly preserved (van Eck et 

al., 2006; Koomen et al., 2009; Dekkers, 2010). It is precisely because there is a large 

population living in an area with scarcity of open space that there is a strong demand to 

keep what is left. Figure 1.1 represents the current land use of the Netherlands. Approxi-

mately 11% of the country is in urban land uses. Two thirds is open agricultural land, 

15% is nature area (forest, wetlands and parks), and 4% is water (excluding sea). Alt-

hough only 3% of total land area is used for transport infrastructure (roads, railways, and 

airports), the development of the transport network has implications for the availability 

and fragmentation of green open space (Serrano et al., 2002). Figure 1.1 provides an indi-

cation of the extent to which the Netherlands is segmented by highways and railway lines. 

Increasing the number of routes, widening roads, or raising transport infrastructure on 

embankments results in further segmentation of the landscape. The economic approach to 

making decisions regarding the development of transport infrastructure is to weigh the 

benefits against the costs. The benefits of improved transport infrastructure include short-

er journey times and greater volumes of traffic. On the cost side, in addition to the costs 

of construction and maintenance, are the impacts from noise, air pollution, safety, and 

landscape fragmentation. The aim of this study is to shed light on the value of landscape 

fragmentation impacts resulting from transport infrastructure.   
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Source: CBS 

Figure 1.1 Land use map of the Netherlands.  

The economic cost of landscape fragmentation is determined by the extent to which 

fragmentation affects services provided by the landscape. Within a landscape, green-blue 

networks – rural areas that host (mainly) green land uses such as agriculture and natural 

areas, and water – provide a range of goods and services that are of considerable econom-

ic value (Fausold and Lilieholm, 1999; McConnell and Walls, 2005). These services in-

clude the provision of natural products, recreational amenities and aesthetic enjoyment 

(direct use values); recharge of groundwater, habitat and nursery functions for plants and 

animals, water filtration, flood control (indirect use values); and existence and bequest 

values that are unrelated to any current use of the landscape (non-use values). The provi-

sion of these services and their associated economic values depends in part on the spatial 

characteristics of the green-blue network in question (Troy and Wilson, 2006; Hein et al., 

2006). The spatial characteristic that is the focus of this study is the degree of fragmenta-
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tion. As green-blue networks become more segmented and linkages between segments are 

reduced, the carrying capacity and provision of ecological functions may break down 

(Collinge, 1996). Spatial fragmentation is also anticipated to negatively affect ecosystem 

resilience and the scope for natural adaptation to climate change as plant and animal spe-

cies meet physical barriers and thus are limited in moving to more adequate climate zones 

(Opdam and Wascher, 2004). This implies that the costs of spatial fragmentation may be-

come more pronounced in the long term as anthropogenic pressures on ecosystems are in-

creased. In addition to the ecological impacts, landscape fragmentation may impact upon 

human welfare directly in terms of the cultural, historical, aesthetic and recreational val-

ues that people hold for certain types of landscape. This study does not aim to estimate 

values for all potential impacts of landscape fragmentation but focuses on direct anthro-

pogenic welfare effects.   

Providing a definition of landscape fragmentation is not straightforward, and the many 

different ways in which it has been defined in the literature is evidence of the complexity 

of the problem (Bissonette and Storch, 2003; Bogaert, 2003; Jaeger, 2000; McGarigal, 

2005b; Serrano et al., 2002). Variation in definitions of landscape fragmentation reflect 

different perspectives regarding impacts (e.g., whether the concern is with lack of connec-

tivity, visual intrusion, or disturbance effects) and the underlying causes of fragmentation.  

One possible interpretation of landscape fragmentation is as the inverse of open space, 

which itself has multiple interpretations. In Dutch planning practice, open space is usually 

defined in terms of visual intrusion, i.e., an open space essentially gives people a free 

view over a large area (Koomen et al., 2002). Such a strongly visual interpretation of 

openness may not fully reflect all values associated with non-fragmented landscapes. An 

alternative conception of open space is as multi-functional rural areas comprising a mix 

of agricultural and natural land uses and an absence of urban and transport infrastructure 

(Gulinck and Wagendorp, 2002).  

In the context of the United States, one of the key causes of landscape fragmentation is 

the expansion of urban areas or „urban sprawl‟ (Ewing, 1997; Irwin and Bockstael, 2007; 

Irwin et al., 2009). Urban sprawl is defined as low-density residential development in 

outer suburban and urban-rural fringe areas characterised by the mixing of nature of ur-

ban land uses (Irwin and Bockstael, 2002). From this perspective, landscape fragmenta-

tion is defined as the mixing of urban and rural land uses. The pattern of landscape frag-

mentation therefore forms a mosaic of urban and green-blue land uses as opposed to dis-

tinct segmentation by line infrastructure.  

From the perspective of landscape fragmentation caused by transport networks, Serrano et 

al. (2002) define fragmentation as the landscape‟s lack of connectivity and the mecha-

nisms that cause it. In general terms, spatial fragmentation essentially describes the divi-
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sion of a large area into several smaller areas or patches. Reflecting the various perspec-

tives and associated definitions of landscape fragmentation, a large set of measures exist 

for quantifying fragmentation, most of which use the concept of discrete landscape units 

called „patches‟. Alternative perspectives and metrics for quantifying landscape fragmen-

tation are described in detail in chapter 2. 

The prime causes of green-blue network fragmentation are the construction of line infra-

structures (notably roads or rail) and urban development (Jaeger et al., 2007). In this 

study we focus on the impacts of transport networks on spatial fragmentation. Over time, 

as demand for greater connectivity between urban centres has developed, most regions 

have experienced an increase in landscape fragmentation. The European Environment 

Agency estimates that the average size of contiguous land units that are not segmented by 

major transport infrastructure in the European Union is 121 km2 (EEA-ETC/TE, 2002).1 

There is of course wide variation in the degree of fragmentation across EU countries, and 

the average size of non-fragmented land parcels in the Netherlands is around 60 km2. For 

comparison, at the other extreme, the average size of non-fragmented land parcels in Fin-

land is around 600 km2. The segmentation of green-blue areas and the associated loss in 

the value of services from these land uses can be viewed as an external cost of transport. 

The valuation of many types of external costs of transport and its infrastructure has re-

ceived much attention over the last decades, including air pollution, noise, and traffic 

safety (Friedrich and Bickel, 2001). The valuation of fragmentation effects on human and 

natural communities, however, has remained largely unexplored, despite the potentially 

substantial social costs involved. From a policy-making perspective it is important to 

have a full picture of the costs (and benefits) of alternative designs of transport network. 

The omission of potentially important impacts, such as the fragmentation of green-blue 

networks, could lead to lower quality decisions by transport planners and policy makers. 

In an economic sense this leads to welfare losses due to a suboptimal allocation of re-

sources. 

1.2 Research objectives 

Given the potentially large welfare implications of landscape fragmentation and the need 

to quantify these impacts in order to provide inputs into policy decisions, the aim of this 

study is to develop and apply methods for the valuation of landscape fragmentation im-

pacts. This objective is met by answering the following research questions: 

 

- What is the current knowledge on the economic value of green open space and 

landscape fragmentation? 

                                                   
1
  This statistic has been calculated using infrastructure data for 1998. Countries that acceded to 

the EU in 2005 are not included in the EU average.  
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- How can the concept of „fragmentation‟ be quantified and operationalised, as re-

quired for valuation? 

- At what spatial scales are the impacts of fragmentation perceived and valued? 

- How can meaningful data on landscape fragmentation be generated and utilised 

within economic valuation studies. 

- How can stated and revealed preference valuation methods be applied for the val-

uation of landscape fragmentation effects? 

- Are there important differences between the results generated by alternative valu-

ation methods (i.e., revealed preference and stated preference methods)? 

1.3 Research approach 

The valuation of landscape fragmentation will be sought along three lines of research: a 

meta-analysis of stated and revealed preference value estimates for urban and peri-urban 

green open space; a stated preference (choice model) valuation study; and a revealed 

preference (hedonic pricing) valuation study. These three approaches are discussed in 

more detail below. 

1.3.1 Meta-analysis of stated and revealed preference valuation studies 

Meta-analysis is the quantitative analysis of statistical summary indicators reported in a 

series of similar empirical studies. It is a method of synthesizing the results of multiple 

studies that examine the same phenomenon, through the identification of a common ef-

fect, which is then „explained‟ using regression techniques in a meta-regression model 

(Stanley, 2001). Meta-analysis was first proposed as a research synthesis method by Glass 

(1976) and has since been developed and applied in many fields of research, not least in 

the area of environmental economics (Nelson and Kennedy, 2009). It is widely recog-

nised that the large and increasing literature on economic valuations of ecosystem ser-

vices and environmental impacts has become difficult to interpret and that there is a need 

for research synthesis techniques, and in particular statistical meta-analysis, to aggregate 

information and insights (Stanley, 2001; Smith and Pattanayak, 2002; Bateman and Jones, 

2003). In addition to identifying consensus in results across studies, meta-analysis is also 

of interest as a means of transferring values from studied sites to new policy sites. Several 

meta-analyses have been conducted in the field of economic valuation of environmental 

resources, impacts, and services, for example for wetlands (Brouwer et al., 1999; Wood-

ward and Wui, 2000; Brander et al., 2006), coral reefs (Brander et al., 2007), woodland 

recreation (Bateman and Jones, 2003), biodiversity (Nijkamp and Vindigni, 2003), out-

door recreation (Rosenberger and Loomis, 2000; Shrestha and Loomis, 2001), groundwa-

ter (Boyle et al., 1994; Brouwer and Brander, 2006) and urban air pollution (Kaoru and 

Smith, 1995). Although the availability of economic valuations of the impacts of land-

scape fragmentation is limited, there is a substantial number of studies that examine the 
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value of peri-urban and urban green open space. We explore this literature with the use of 

meta-analytic techniques in chapter 3. 

1.3.2 Choice model valuation of landscape fragmentation  

Stated preference methods offer great flexibility in the types of effects that can be valued, 

for instance by presenting alternatives that can be varied according to many criteria. 

Moreover, if supported by computer technology, it becomes possible to visualize various 

project alternatives, so as to improve the respondents‟ understanding of the options to be 

valued. A careful specification of various alternatives to be valued allows isolation of the 

different components in the valuation of a barrier and other landscape characteristics. 

These advantages of stated preference approaches in terms of flexibility of course come at 

a price – the most important components of which are the hypothetical character of the 

options, and the demands posed in terms of the design of the questionnaire. Choice mod-

elling is a stated preference methodology that has increasingly been employed to analyse 

public preferences towards environmental goods and to estimate their economic value. 

Choice modelling or „discrete choice experiment‟ is similar to the contingent valuation 

method in using a hypothetical choice construction (i.e., survey respondents are asked to 

make choices based on a hypothetical scenario). A choice model requires respondents to 

repeatedly choose between complex, multi-attribute profiles that describe various changes 

in non-market benefits at a given cost (Hensher et al., 2005). Fitting a logit regression 

model to the observed data on the stated choices and the experimental design used to de-

fine the attribute levels for each alternative allows the estimation of part-worth utilities 

for the attributes included in a choice experiment. Taking the ratio of the part-worth utili-

ty for an attribute and the part-worth utility of a monetary attribute gives an estimate of 

the willingness to pay for that attribute. As such, the choice modelling approach provides 

a potentially useful tool for estimating the value of landscape fragmentation and other 

characteristics. 

1.3.3 Hedonic pricing study of the Dutch housing market  

Revealed preference valuation studies have the advantage (compared to stated preference 

valuation) of being based on actual behaviour. The chosen revealed preference technique 

for studying the impacts of landscape fragmentation is a hedonic housing price study – 

which, in brief, aims to determine the valuation of fragmentation effects by looking at the 

impacts of fragmentation on house prices. Limitations to this approach – and hence chal-

lenges for this study – are that it can be difficult to separate, empirically, fragmentation 

effects from other external costs (or from accessibility benefits) of infrastructure and its 

use, to separate these effects from other relevant factors that vary over space, to control 

for the impact of land use regulation upon housing prices, and to account for heterogenei-
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ty and self-selection of individuals in their location decisions. The question to be explored 

is whether property values nearby the transport infrastructure in question and suffering 

from visual intrusion are affected more strongly than property values of houses that do 

not suffer from visual intrusion but possibly from noise annoyance and reduced accessi-

bility (in order to separate visual intrusion from other barrier effects), and of houses that 

will not suffer from any type of barrier effects (i.e., in comparable areas but relatively far 

from the transport infrastructure). Data on the degree of landscape fragmentation in the 

vicinity of each property, as well as other relevant characteristics, will need to be generat-

ed. In developing data for these characteristics, use will be made of a geographic infor-

mation system (GIS) in order to capture information on the spatial pattern of surrounding 

land uses as well as the features of point locations.  

These approaches together allow us to consider the value of fragmentation related to sev-

eral functions of green-blue networks. Revealed preference studies would typically cap-

ture the valuation of noise, visual intrusion, and barrier effects for people living close to 

the infrastructure. Stated preference studies have an even wider potential coverage of im-

pacts related to landscape fragmentation, including effects on recreational activities and 

non-use values associated with landscape characteristics.  

The case study areas for the stated and revealed preference valuation studies are both lo-

cated in the province of South Holland in the south-west Netherlands and to a large extent 

are overlapping. Using broadly the same study area for the two valuation studies facili-

tates the comparison of results in that population characteristics, landscape composition, 

availability of open space, and degree of landscape fragmentation are the same. The study 

area is at the southern edge of the so-called Groene Hart (Green Heart) in the south-west 

of the Netherlands. This study site was selected for several reasons: it contains a mix of 

different land uses that are of interest to this study (i.e., urban, rural, highway, railway, 

and main road); the area contains spatially varying degrees of fragmentation due to 

transport infrastructure; and it is of high policy interest in the context of current develop-

ment plans for the Zuidplaspolder. This area is highly densely populated and the limited 

amount of open space is divided into relatively small patches. This study therefore pro-

vides value estimates open space and landscape fragmentation that are specific to the 

characteristics of this location. The case study sites are described in greater detail in chap-

ters 4 and 5.  

1.4 Outline of the study 

This thesis consists of six chapters. Figure 1.2 illustrates the structure of the thesis and the 

main linkages between chapters.  
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Chapter 2 provides an introduction to the concept of landscape fragmentation. It discusses 

alternative perspectives of fragmentation, making a distinction between ecological and 

anthropocentric perspectives. The causes of fragmentation and also the measures that are 

available for preventing, mitigating, and reducing fragmentation are described. The 

measurement of fragmentation is discussed and a number of alternative metrics for quan-

tifying fragmentation are explained. The existing literature on the valuation of fragmenta-

tion is also briefly reviewed. Finally some conclusions are drawn with respect to the se-

lection of metrics for the valuation of fragmentation in this study. 

 

 

Figure 1.2 Structure of the thesis 

Chapter 3 presents two meta-analyses of the economic valuation literature on urban and 

peri-urban open space. The first meta-analysis examines results from contingent valuation 

studies while the second synthesises results from hedonic pricing analyses. In these meta-

analyses we examine the important physical, socio-economic, and study characteristics 

that determine the value of open space. A multi-level modelling approach is used to iden-

tify regional variation in preferences for urban open space. The meta-analyses are fo-

cussed on open space rather than fragmentation per se, but are intended to provide in-

sights into the design of stated and revealed preference valuations and thereby provide in-

put to chapters 4 and 5. Moreover, the meta-analytic value function estimated in the meta-

analysis of contingent valuation results is subsequently used in Chapter 4 to transfer val-

ues for agricultural grassland, which is used as the starting point for setting levels for the 

monetary attribute in the choice model. 
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Chapter 4 describes a choice model valuation study of fragmentation and other landscape 

characteristics in a case study of the Zuidplaspolder in the south-west of the Netherlands. 

The aim of this chapter is to estimate the value of landscape fragmentation and other 

landscape characteristics, including accessibility to nature areas, and size of wetland and 

water areas, using a choice experiment. We represent the choice cards as maps in order to 

facilitate respondent cognition of attributes and levels. Landscape fragmentation is cap-

tured using two attributes: the number of patches of a given land use class separated by 

transport infrastructure; and the height of transport infrastructure as raised on embank-

ments or at ground level. A mixed-logit model is used to explore preference heterogeneity 

in the sample. 

Chapter 5 presents a hedonic house price study of the effects of landscape fragmentation 

due to road and rail infrastructure. In a case study pertaining to the south-west Nether-

lands we estimate the impact of landscape fragmentation due to road and rail networks in 

a hedonic house price model, while controlling for other negative and positive externali-

ties associated with transport infrastructure. Landscape fragmentation is measured as the 

area of green-blue land use, the number of patches of green-blue land use, and the length 

of edge between green-blue land use and transport infrastructure at varying spatial scales 

of proximity to property locations. We test for the presence of spatial autocorrelation in 

the hedonic model and use a spatial econometric model to account for these effects. 

Chapter 6 provides conclusions related to the research conducted and the policy implica-

tions of the findings, draws comparisons between the valuation methods used, discusses 

the potential for transferring the estimated fragmentation impact values to other contexts, 

and describes suggestions for future research. 
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2. Landscape fragmentation 

The term fragmentation refers to both the process by which a given landscape is segment-

ed and to the pattern or form of its segmentation. The process of fragmentation essential-

ly describes the division of a large area of a particular land use or group of land uses in-

to several smaller areas or patches. The definition of fragmentation depends strongly on 

the perspective from which it is viewed .Here we make a distinction between ecological 

and anthropocentric perspectives. For the purposes of valuing direct human impacts of 

landscape fragmentation by transport infrastructure we define the group of fragmented 

land uses as natural, semi-natural, water, forest, and traditional agricultural area; and 

the group of fragmenting land uses as road and rail networks. In order to facilitate the in-

terpretation and comparison of valuation results, we use a relatively simple set of metrics 

to quantify landscape fragmentation: total area of green-blue land uses; average patch 

size; number of patches; and total length of patch edge. These metrics are likely to be ge-

ometrically correlated but may capture different perceptions of landscape fragmentation. 

2.1 Introduction 

The fragmentation of landscapes by transport infrastructure and other factors is recog-

nised as having negative implications for wildlife, biodiversity, agricultural productivity, 

recreational amenity, visual appreciation of the landscape, and preservation of cultur-

al/historical landscapes. Spatial or landscape fragmentation essentially describes the divi-

sion of a large area into several smaller areas or patches. Providing a definition and quan-

titative measure of fragmentation, however, is not straightforward, and the many different 

ways in which it has been defined and measured in the literature  is evidence of the com-

plexity of the spatial fragmentation concept (Jaeger, 2000; Serrano et al., 2002; Haila, 

2002; Bissonette and Storch, 2003; Bogaert, 2003; McGarigal, 2005b). 

The term fragmentation refers to both the process by which a given landscape is segment-

ed and to the pattern or form of its segmentation. Some definitions and metrics of frag-

mentation focus on the process whereas others focus on the pattern. In both cases a wide-

ly used approach to describing and modelling landscape fragmentation is to treat land-

scapes as an area of land containing a mosaic of patches or landscape elements 

(McGarigal, 2005a). Patches represent different land uses within the landscape. In defin-

ing fragmentation of a landscape, often one or more land use(s) will be of focal interest. 

The other land uses in the landscape are viewed as a matrix in which the patches of the 

fragmented land use is set. The categorisation of land uses, patches, landscape size, and 

the choice of metrics with which to describe fragmentation are largely dependent on the 

phenomenon under consideration. For example, in assessing the impact of a new highway 



12 

 

 

on the population of a specific animal species, fragmentation will be defined quite differ-

ently from an assessment of the degree to which forest areas that are used for recreation 

are fragmented by agricultural land. Fragmentation is defined and measured quite differ-

ently depending on the perspective from which it is viewed.  

In this chapter we describe a number of alternative perspectives of spatial fragmentation 

and, following Di Guilio et al. (2009), make a distinction between ecological and anthro-

pocentric perspectives. The perspective of fragmentation taken in this thesis is predomi-

nantly an anthropocentric one; we are concerned with the impacts on direct human use 

and valuation of landscapes. Nevertheless, there is much to be learnt from the ecological 

literature that deals with the definition and quantification of landscape fragmentation. The 

ecological literature on spatial fragmentation is considerably more extensive than the so-

cio-economic literature and many of the definitions and metrics that have been developed 

in the ecological field can be applied or adapted to reflect economic implications of frag-

mentation. In subsequent chapters of this thesis we employ various fragmentation metrics 

that are initially developed in this chapter. In particular we will use a selection of frag-

mentation metrics as attributes in the choice experiment case study (chapter 4) and as ex-

planatory variables in the hedonic house price case study (chapter 5). 

The structure of this chapter is as follows. Section 2.2 outlines alternative perspectives on 

fragmentation, making a distinction between ecological and anthropocentric perspectives. 

Section 2.3 describes the causes of fragmentation, and section 2.4 discusses measures that 

are available for preventing, mitigating, and reducing fragmentation. Section 2.5 deals 

with measuring fragmentation and presents a number of alternative metrics for quantify-

ing fragmentation. Section 2.6 describes existing attempts to value fragmentation, and 

section 2.7 provides some conclusions with respect to the selection of metrics for the val-

uation of spatial fragmentation in this study. 

2.2 Perspectives on fragmentation 

2.2.1 Ecological perspectives of fragmentation 

The principal ecological concern regarding spatial fragmentation relates to the segmenta-

tion of habitat for both flora and fauna. Habitat fragmentation is a landscape-level process 

in which contiguous habitat is progressively sub-divided into smaller, geometrically more 

complex (initially, but not necessarily ultimately), and more isolated habitat fragments 

(McGarigal, 2005a). Such a disruption in landscape patterns may compromise its func-

tional integrity by interfering with critical ecological processes necessary for population 

persistence and the maintenance of biodiversity and ecosystem health (With and King, 

1996). The ability of a landscape to support the ecological functions that are present de-
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pends in part on the spatial configuration of its constituent land uses (Nagendra et al., 

2004). 

There is an important distinction to be made here between the structural and functional 

impacts of landscape fragmentation. Structural fragmentation, e.g., in terms of new line 

infrastructure dividing an existing landscape patch in two, can be easily observed. The 

functional implications, however, e.g., in terms of the reduced interaction between mem-

bers of a resident wildlife population, are more complex and are not readily observable. 

Often the basic description of fragmentation is structural, although the underlying concern 

is functional (Gulinck and Wagendorp 2002).  

Landscape fragmentation may result in a number of distinct effects on ecosystem func-

tioning. Line infrastructure imposes a barrier to the movement of many animals, which 

may isolate populations and lead to long-term population decline (IENE, 2005). Fragmen-

tation by transport infrastructure can also result in increased mortality of fauna due to col-

lisions with vehicles. The presence of vehicles in the vicinity of natural areas also intro-

duces external disturbances (e.g., noise, light, and pollution) that may impact ecosystem 

functioning. Such disturbance effects have been shown to be highly sensitive to traffic 

density (Reijnen et al., 1996). Fragmentation can also alter rates of erosion, nutrient cy-

cling and water flow, quality and quantity (Geoghegan et al., 1997). It is also possible that 

transport infrastructure has positive ecological effects in the form of vegetated median 

strips, road reserves, ditches, verges and berms that provide habitat. The role of corridors 

created by line infrastructure as conduits for plant and animal species is, however, 

thought to be relatively unimportant (Forman and Alexander, 1998). 

The functional ecological impact of fragmentation is dependent on the characteristics of 

the fragmenting land use (e.g., the height, width, traffic density of new transport infra-

structure) and the ecosystem in question (e.g., in terms of its sensitivity to edge effects, 

the scale of operation of its constituent fauna and flora, and the ecological gradient be-

tween the infrastructure and the ecosystem). These three ecosystem characteristics require 

further elaboration. The sensitivity to edge effects relates to the requirement of some spe-

cies for habitat that is sufficiently distant from other land uses. A common example is that 

of forest dependent birds that will only nest at a sufficient distance from the forest edge. 

As forests become fragmented, the availability of suitable nesting sites may diminish 

much faster than forest area. The scale of operation refers to the size of the area in which 

fauna and flora function. The relative scale of new infrastructure and the ecological scale 

of operation influences the extent to which fragmentation has a functional impact (Lord 

and Norton, 1990). Species of fauna that operate at a large scale may only experience the 

impact of fragmentation caused by large scale infrastructure, whereas fauna that operate 

at a small scale may be impacted even by very small scale infrastructure. For example, 
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the division of a small area by a concrete path impacts a ground-dwelling invertebrate in a 

similar way that the division of a large forest by a motorway impacts a forest dwelling 

ruminant mammal. The ecological gradient between the fragmented land use and the 

fragmenting land use refers to the external abiotic or biotic conditions that allow an or-

ganism or ecological process to function (Looijen, 1998). It represents the difference in 

habitability between two land uses. If the fragmenting land use forms a steep ecological 

gradient, it represents a greater barrier than would exist between two land uses that have a 

shallow ecological gradient (Lord and Norton, 1990).  

Defining which land use is being fragmented and which land uses are causing the frag-

mentation is dependent on the ecological processes that are of interest. Some ecological 

processes might be specific to one particular type of ecosystem, whereas others function 

in a range of different land uses (e.g., many animals can survive in agricultural as well as 

natural areas). Measuring fragmentation may therefore be relevant for single ecosystems, 

combinations of natural and agricultural land uses, or all areas that are not urban or 

transport infrastructure. 

Jaeger (2000) approaches the definition of fragmentation from the perspective of animal 

populations and their ability to disperse and interact. Fragmentation „produces a series of 

more or less isolated segments of habitat, ecosystem, or land use type surrounded by a 

matrix of more intensively utilised areas and lines which modifies the ecological interre-

lations between segments‟ (Jaeger, 2000). The fragmentation metrics designed with this 

perspective in mind attempt to capture the probability of members of a given species 

meeting each other given the degree of landscape division (see section 2.5 on fragmenta-

tion metrics).  

There exists a large empirical literature on the ecological importance of spatial fragmenta-

tion for diverse landscapes (e.g., Burgess and Sharpe, 1981; Forman, 1995; Jongman, 

2002; With and King, 1996). Benítez-López et al. (2010) conducted a meta-analysis on 

the results of 49 studies that examine the impact of road and other infrastructure on mean 

species abundance. They find that both mammal and bird population densities decline 

with proximity to infrastructure. In tropical developing countries there has been a focus 

on the impacts of forest fragmentation, whereas in developed countries more attention has 

been paid to issues of city planning and urban development (Nagendra et al., 2004). De-

spite considerable evidence on the impacts of fragmentation, a high degree of uncertainty 

remains over the feasibility of predicting the ecological implications of fragmentation. In 

a review of habitat fragmentation experiments, Debinski and Holt (2000) conclude that 

the evidence is „entirely mixed‟ regarding several hypotheses on the impact of fragmenta-

tion on ecosystem functioning. Similarly, Harrison and Bruna (1999) argue in a review of 

empirical studies on the ecological effects of habitat fragmentation that the impacts are 
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not clear and that existing findings often relate to habitat degradation within patches ra-

ther than fragmentation per se. Bissonette and Storch (2002) identify a number of factors 

that cause the assessment of fragmentation effects to be extremely complex and unpre-

dictable, including: unexpected thresholds; time lags; structural differences between the 

fragmenting land use and patches; dependence on the temporal and spatial scales of ob-

servation; and system history. Bogaert (2003) adds another source of variability in frag-

mentation assessment to this list – the fragmentation metric that is used. 

This brief review of the ecological literature illustrates the ambiguity of both the concept 

and impacts of landscape fragmentation. A number of implications can be drawn from 

this literature that are important to the assessment of fragmentation from an anthropocen-

tric perspective. The distinction between structural and functional impacts of spatial 

fragmentation is also relevant to anthropocentric uses of a landscape. A structural descrip-

tion of spatial fragmentation may be relatively technical and straightforward, whereas un-

derstanding the impacts in terms of perception and loss of landscape services is likely to 

be harder to discern. The concepts of disturbance effects, scale of operation, and of a gra-

dient between different land uses in terms of the extent to which they can support certain 

activities are all relevant in considering direct anthropocentric uses of a landscape and the 

extent to which services are degraded by spatial fragmentation. The observation in the 

ecological literature that the choice of fragmentation metric has a significant bearing on 

the outcome of empirical studies is also relevant to socio-economic assessments of spatial 

fragmentation. The next section considers anthropocentric perspectives of fragmentation 

in more detail. 

2.2.2 Anthropocentric perspectives of fragmentation 

In comparison to the ecological literature on spatial fragmentation, there are very few 

studies that examine the issue from a social or economic perspective. Di Giulio et al. 

(2009) review the ecological and sociological literature related to spatial fragmentation in 

suburban and urban landscapes and attempt to draw comparisons between the two per-

spectives. They conclude that there are some similarities between ecological and human 

perspectives, notably that the total area of semi-natural land uses in a landscape is more 

important than the degree of fragmentation of those land uses. They also note that ecolog-

ical and human uses of semi-natural land uses may be in conflict (e.g., nature reserves de-

signed to maintain biodiversity may conflict with recreational uses), which poses a prob-

lem for landscape planners to deliver multiple services from the landscape. 

Direct human uses of the landscape include agriculture, residential use, commercial use, 

industry, transport, and recreation. Humans also derive benefits (directly or indirectly) 

from many ecological functions, such as water filtration and purification, water storage, 
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genetic resources, habitat for harvestable flora and fauna, protection against erosion, and 

the storage of carbon. In addition, people may derive value (both use and non-use) from 

an appreciation of natural areas, quasi-natural areas, and the existence of open space. 

Theoretical and empirical research has shown that aesthetic values attached to landscapes 

have evolutionary and psychological (e.g., Appleton, 1975; Kaplan and Kaplan, 1989), 

and cultural foundations (e.g., Terkenli, 2001; Buijs et al., 2009). The various services 

that landscapes provide will be affected differently by fragmentation or alternative con-

figurations of the landscape. Some services may not be affected at all by spatial fragmen-

tation (e.g., carbon sequestration by forests) whereas others may cease altogether (e.g., 

appreciation of pristine nature or lack of human presence). 

The negative impact of land fragmentation on agricultural productivity is a well-

recognised phenomenon (McPherson, 1982; Bentley, 1987). Whether agricultural land 

units are fragmented by other land uses or through the system of land ownership and in-

heritance, the diminishing size of agricultural holdings has led to arguments for land con-

solidation (Gulinck and Wagendorp, 2002). These arguments have been translated into ef-

fective policies to integrate parcels into larger contiguous properties (van Dijk, 2002). 

With the advent of modern farming practices and machinery, the optimal size of agricul-

tural land units has increased, which implies that existing fragmentation of agricultural 

land may now have implications for farm productivity where formerly it did not. 

Regarding recreational uses and the appreciation of natural and quasi-natural areas, it is 

necessary to consider what it is that people value regarding the spatial characteristics of 

these land uses. Of course, what is of value will vary across individuals depending on 

their preferences and the activities that they use the landscape for. The scale of use will 

similarly vary across individuals and activities, and will determine the scale at which 

fragmentation impacts human values. For example, in the case of recreational use of a 

natural area, a cyclist will realise the spatial restrictions of a given patch sooner than a 

walker. Geoghegan et al. (1997) argue that preferences for diversity or fragmentation of 

land uses will vary across spatial scales. At a regional or city level, diversity may be a de-

sirable characteristic in that a variety of alternative destinations (e.g., home, work, recrea-

tional areas) are available. At a neighbourhood level, however, mixed land uses may be 

less desirable.  

An alternative human perspective on fragmentation is provided by the Dutch planning 

context, which focuses on the visual openness of a landscape (Koomen et al., 2002). In 

the face of growing pressure for urban functions in the Netherlands, the Dutch govern-

ment tries to avoid further fragmentation of the remaining open space (Dieleman et al., 

1999). Dutch planning practice generally defines open space in terms of visual intrusion, 

i.e., an open space essentially gives people a free view over a large area. Under this defi-
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nition, single objects (buildings, electricity pylons, wind turbines, high vegetation) can 

severely restrict the experience of open space. On the other hand, transport infrastructure 

(that is not raised) does not affect the degree to which an area is considered open. This 

strongly visual interpretation of openness may not, however, fully reflect the values asso-

ciated with non-fragmentation. An alternative definition of non-fragmented area is an area 

without human interference and roughly corresponds with an absence of urbanisation and 

infrastructure (Koomen et al., 2002). 

The concept of spatial fragmentation has also been used to describe patterns of urban spa-

tial structure (Kuethe, 2009). This perspective of fragmentation has received particular at-

tention in relation to the expansion of US cities and so-called urban sprawl (Song and 

Knaap, 2004; Burchfield et al., 2006; Irwin and Bockstael, 2007). Irwin and Bockstael 

(2002) define urban sprawl as scattered low-density residential development in outer sub-

urban and urban-rural fringe areas and explain that the discontinuous nature of urban 

sprawl, i.e., the mix of land uses, is its defining characteristic. The pattern of urban sprawl 

has also been described as leap-frog or scattered development. Mixed urban land uses are 

associated with a number of positive and negative effects. On the positive side, a diversity 

of urban land uses can promote a sense of community, support small retail businesses, re-

duce traffic congestion, and encourage pedestrian and bicycle travel (Song and Knaap, 

2004). On the negative side, spatially diffuse residential development can increase in the 

costs of providing public services, lead to increased commuting times, and exacerbate so-

cial inequalities by isolating poor and rich neighbourhoods (Irwin and Bockstael, 2007). 

The principal concern highlighted by this perspective of spatial fragmentation is the mix 

of different land uses rather than the division or segmentation of a target group of land 

uses.  

Gulinck and Wagendorp (2002) consider the fragmentation of multi-functional rural are-

as. This category of land use is defined as fine grained mixes of agricultural and natural 

areas that support values related to landscape aesthetics, nature conservation, low density 

residential uses, and agriculture. It is noteworthy that what may be regarded as aestheti-

cally pleasing landscape is not restricted to purely natural areas but also semi-natural are-

as and traditional farmland, which might rate low in terms of biodiversity and ecological 

value. The concept of multi-functional rural areas corresponds well with the concept of 

green-blue networks. In both cases the focus is on agricultural and natural land uses that 

provide multiple services. For the purposes of defining the group of land uses that we 

consider as fragmented by transport infrastructure we use the concept of multi-functional 

rural areas (see section 2.7).  
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2.3 Causes of fragmentation 

The prime causes of landscape fragmentation are the development or expansion of urban 

areas and the construction of line infrastructure, notably roads, rail and canals (Jaeger et 

al., 2007). Spatial fragmentation is arguably not only the result of man-made barriers and 

it is possible that natural landscape features such as rivers and cliffs also result in segmen-

tation of the landscape. We do not address natural causes of spatial fragmentation further 

in this section and focus on urban expansion and transport infrastructure as the main driv-

ers of fragmentation.  

Regarding spatial fragmentation caused by urban expansion, there exists a substantial lit-

erature on the dynamics of land use that attempts to identify the important variables that 

determine land use change, and in some cases, specifically the determinants of fragmenta-

tion. A consistent finding of these studies is that land use change is inversely related to 

distance to urban centres (Wickham et al., 2000). As a result, there tends to be a higher 

degree of fragmentation closer to urban centres. Irwin and Bockstael (2002; 2007) and 

Irwin et al. (2009) describe landscape fragmentation caused by urban sprawl. Irwin and 

Bockstael (2002) show that land fragmentation initially increases with distance from the 

urban centre and then decreases, and that the distance at which maximum fragmentation 

occurs shifts outwards over time. This relationship between fragmentation and distance 

from the urban centre has been termed the fragmentation gradient. Irwin and Bockstael 

also find that the extent of development infill is low, leaving a mix of developed and un-

developed land. On one hand this pattern of development results in a high degree of urban 

open space, but on the other hand, further development requires the conversion of unde-

veloped land at the urban fringe. The spatial pattern of landscape fragmentation caused by 

urban sprawl is a mix or mosaic of urban and rural land uses, which is different from the 

distinct segmentation of a landscape resulting from the construction of line transport in-

frastructure. 

The structural effects of fragmentation by new line transport infrastructure (e.g., a new 

road) on patches of a fragmented land use (e.g., nature areas) are illustrated in Figure 2.1. 

The left-hand panel represents the situation before the road is constructed and the right-

hand panel represents the post-construction situation. The road results in a number of 

fragmentation effects on the patches of nature in terms of increased patch isolation (e.g., 

patches A and C are more isolated without patch B), decreasing patch size (patch B is 

completely removed and parts of patches D and E are lost), and increased exposure to ex-

ternal disturbances (e.g., patch E is split in two and the resulting patches, E1 and E2, have 

higher edge-to-area ratios than the original patch E). A new road may also cause an in-

crease in exposure to external disturbances merely by being in the vicinity of a nature 

patch (e.g., patch C may be affected by noise, light etc.). In addition to the transport infra-
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structure itself, the traffic density and speed of vehicles will influence the degree of frag-

mentation (Geurs et al., 2005). In many cases canals can be an even stricter boundary than 

rail and road infrastructure if the ecological process or human activity that is restricted by 

the fragmentation is purely land based (i.e., if a water body represents a steep ecological 

gradient). 

 

Source: Geneletti (2000, Figure 4.4, p. 72). 

Figure 2.1 Illustration of fragmentation effects of transport infrastructure. Patches of 

nature area are represented by the shaded areas labelled with letters. The 

pre-infrastructure situation is represented by the panel on the left, and the 

post-infrastructure situation by the panel on the right.  

In this study we are specifically interested in measuring the external costs associated with 

developing transport networks and therefore we focus only on spatial fragmentation re-

sulting from road and rail infrastructure. Landscape fragmentation caused by urban de-

velopment represents a related but different issue. The structural pattern of fragmentation 

resulting from urban development is likely to be different (i.e., mixing of patches of urban 

and rural land uses vs. segmentation). In terms of the functional fragmentation effects of 

urban development and transport infrastructure, some may be similar (e.g., visual intru-

sion, disturbance) whereas others may be unalike (e.g., barrier effects). We also do not 

aim to measure fragmentation effects associated with transport canals, mainly because 

canals are perceived quite differently from road and rail infrastructure and may even pro-

vide positive visual amenities (i.e., canals can be perceived as part of a green-blue net-

work). 

2.4 Policies for preventing, mitigating and reducing fragmentation 

As discussed in section 2.2, landscape fragmentation can result in a number of negative 

effects on ecological processes and human activities. The occurrence of such external 

costs may justify policy interventions to avoid negative welfare effects. Although frag-

mentation is often perceived as an inherently negative development, it is important to rec-
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ognise that changes in land use are often driven by demand for alternative land uses. The 

fragmentation of one land use generally means the defragmentation of another. For ex-

ample, the development of transport networks may cause the fragmentation of natural and 

agricultural areas but result in the defragmentation or connectivity of urban areas. It is 

therefore not necessarily the case that fragmentation of green-blue networks should be 

avoided but there may be economic arguments for mitigating negative effects.  

A number of policy measures are available for mitigating or reversing the impacts of 

fragmentation. Geurs et al. (2005) identify two categories of available measures for miti-

gating the impacts of fragmentation due to transport infrastructure and traffic. These are: 

(1) infrastructure that allows fauna (and to a limited extent, flora) to move across 

transport infrastructure, e.g., ecoducts, fences, and underpasses; (2) changes to the routing 

or flow of traffic. Jaarsma and Willems (2002) discuss the implications for landscape 

fragmentation of traffic calming measures on rural roads and propose fragmentation 

measures to capture this. Traffic calming refers to the adaptation of the existing road net-

work in rural areas with the intention of reducing the speed of vehicles travelling through 

these areas. Specific measures might include the reduction of road width in combination 

with short passing lanes; rumble strips; or small roundabouts instead of cross-roads. The 

idea behind this „traffic calming rural area‟ concept is to maintain minor rural roads for 

accessibility and to channel through traffic onto highways. 

With regard to active defragmentation of nature areas in the Netherlands, the central poli-

cy concept in the Dutch National Nature Policy Plan is the so-called ecological main 

structure (LNV, 1990). This proposed ecological network consists of three elements: ex-

isting natural areas (core areas), nature development areas, and ecological corridors. 

Dutch spatial planning also has a long-standing policy to promote compact urban devel-

opment and an accompanying policy in rural areas to preserve open space (RNP, 1958; 

Dieleman et al., 1999; Hidding and Teunissen, 2002; Koomen et al., 2008). The most 

prominent example of this policy is the preservation of the „Green Heart‟ rural area in the 

centre of the Randstad metropolitan area – a group of towns and cities (including Amster-

dam, Utrecht, Rotterdam, and the Hague) located relatively close to each other in the west 

of the Netherlands (V&B, 1960; van der Valk, 2002; Koomen et al., 2009).  

In the United States, public planners attempt to control landscape fragmentation by limit-

ing the type and location of land uses through planning and zoning regulations (Razin, 

1998). Zoning regulations have not, however, been successful policy instruments for con-

trolling urban sprawl. Partly due to the system of local government, zoning regulation is 

not consistent across local political jurisdictions, which may even contribute to landscape 

fragmentation. Rural jurisdictions that are close to an urban area may have an incentive to 

impose less restrictive zoning regulations in order to attract development. This will con-

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V7K-4G7WHC5-2&_user=499882&_coverDate=04%2F30%2F2005&_rdoc=1&_fmt=full&_orig=search&_cdi=5845&_sort=d&_docanchor=&view=c&_searchStrId=1130800889&_rerunOrigin=google&_acct=C000024498&_version=1&_urlVersion=0&_userid=499882&md5=3c8a55e454d520f6f57a3a398aa5a941#bib37
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V7K-4G7WHC5-2&_user=499882&_coverDate=04%2F30%2F2005&_rdoc=1&_fmt=full&_orig=search&_cdi=5845&_sort=d&_docanchor=&view=c&_searchStrId=1130800889&_rerunOrigin=google&_acct=C000024498&_version=1&_urlVersion=0&_userid=499882&md5=3c8a55e454d520f6f57a3a398aa5a941#bib37
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tribute to the process of urban sprawl by drawing new developments into rural areas 

(Carruthers, 2003; Monroe et al., 2005). 

A relatively new policy approach, in addition to avoidance and mitigation of fragmenta-

tion effects, is to compensate for or offset negative impacts of transport infrastructure 

(Forman and Alexander, 1998). This approach requires that, in situations in which avoid-

ance and mitigation are not possible, damages are compensated by the creation or restora-

tion of another location that provides at least an equivalent level of function or service. 

This principle has been applied in the „no-net-loss‟ of wetlands policy as part of the US 

Clean Water Act (Votteler and Muir, 1996). One of the key challenges in the implementa-

tion of such a compensation scheme is the evaluation of an equivalent level of function or 

service. Existing schemes of this type have been criticised for accepting compensation 

sites that do not share the same ecological conditions as the ecosystems that they replace 

(Cuperus et al., 1999).  

2.5 Measuring fragmentation 

The purposes of quantitative measures of fragmentation are to compare different locations 

or regions in terms of their fragmentation, to analyse and record fragmentation trends 

over time, and to assess the effectiveness of measures that are taken to mitigate fragmen-

tation. From a structural perspective, the term fragmentation encompasses many land-

scape characteristics (e.g., patch area, patch perimeter, patch isolation, and number of 

patches) and a wide range of fragmentation metrics have been developed that attempt to 

capture one or more of the various component aspects of fragmentation. There is current-

ly no standard metric applied in the literature, or indeed a metric that captures all aspects 

of fragmentation (Bogaert, 2003). A common element of most measures for quantifying 

fragmentation, however, is that they make use of the concept of discrete landscape units 

or patches. The abundance of alternative fragmentation metrics raises the problem of 

choosing the appropriate metric or set of metrics. As discussed above, the appropriate 

definition of fragmentation, and therefore choice of fragmentation metric, is dependent on 

the phenomenon under investigation. A selection of the available measures is introduced 

below in order to illustrate the range and diversity of metrics and provide a basis for se-

lecting fragmentation metrics for use in this study. 

Two general categories of landscape metrics can be identified: 1. composition metrics, 

which quantify the content of landscape maps without reference to the spatial arrange-

ment of landscape elements; and 2. configuration metrics, which quantify spatial patterns. 

Spatial configuration of a landscape is generally more difficult to quantify and refers to 

the spatial character and arrangement of patches within a landscape (McGarigal, 2005a). 

Measures of landscape composition include the proportion of the landscape in each patch 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V7K-4G7WHC5-2&_user=499882&_coverDate=04%2F30%2F2005&_rdoc=1&_fmt=full&_orig=search&_cdi=5845&_sort=d&_docanchor=&view=c&_searchStrId=1130800889&_rerunOrigin=google&_acct=C000024498&_version=1&_urlVersion=0&_userid=499882&md5=3c8a55e454d520f6f57a3a398aa5a941#bib7


22 

 

 

type, patch richness, patch evenness, and patch diversity. Richness is simply the number 

of different patch types, whereas evenness measures the relative abundance of patch 

types. Diversity is a composite measure of richness and evenness derived in a number of 

different forms depending on the relative weight placed on these two components. A pop-

ular measure of diversity is Shannon‟s Diversity Index, H, which is defined as: 

   ∑   
 
           , 

where pi is the relative occurrence of land use i, calculated as the proportion of patches of 

a given land use to the total number of patches in the landscape, and S is the total number 

of land use classes. The minimum value of Shannon‟s Diversity Index is zero when the 

landscape comprises of a single land use and increases as the number of different land us-

es increases and/or the proportional distribution of area among land use types becomes 

more equitable.  

Geneletti (2002) argues that fragmentation can be described by three main effects: in-

crease in isolation of patches, decrease in their size, and increase in their exposure to ex-

ternal disturbances. Regarding measurements of the degree of isolation of a patch, the 

most commonly used metric is the average edge-to-edge distance to surrounding patches 

of the same land use (Burgess and Sharpe, 1981; Forman and Godron, 1986). Exposure to 

external disturbances may include negative influences, such as light and noise pollution. 

A straightforward metric that attempts to measure fragmentation as a change in exposure 

to disturbances is simply the average distance between the patch or patches under consid-

eration and sources of disturbance, e.g., roads, urban areas etc. (Troumbis, 1995). Another 

approach is a description of the different land uses that border the patch – this can be ex-

pressed in terms of the percentage of the patch that is bordered by different categories of 

land use that represent different levels of disturbance. A further metric that captures patch 

exposure is its shape. The shape of a patch is of relevance since irregularly shaped or 

elongated patches have higher exposure to disturbances from neighbouring land uses. 

Commonly used metrics of patch shape include the perimeter to area ratio, total boundary 

length, and the shape index. A problem with the perimeter to area ratio and total boundary 

length as measures of shape is that, holding the shape constant, these metrics vary with 

the size of the patch. An increase in patch size will cause a decrease in the perimeter-area 

ratio and an increase in the total boundary length. The shape index as defined by Lau-

rence and Yensen (1991) corrects for this problem: 

             , 

where D is the shape index value, A is patch area, and p is the patch perimeter. The index 

takes a value of 1 when the shape of a patch is most compact (i.e., a circle) and as the pe-

rimeter of a patch increases relative to its area, the shape index value increases. A metric 
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that has been developed to represent both size and edge of an area is the core area 

(McGarigal et al., 2001). This metric represents the area within a patch that is not influ-

enced by external disturbances and computed as the patch area minus an outer band. The 

relevant width of the outer band is context specific and dependent on the sensitivity of the 

ecosystem in question to external disturbances. 

Serrano et al. (2002) define fragmentation as „the landscape‟s lack of connectivity, the 

mechanisms that cause it and the subsequent alteration of ecological processes‟ and de-

velop a „descriptor‟ of fragmentation that is based on the characteristics of the transport 

network in the area under consideration. The land area is first divided into patches or pri-

mary polygons using motorways and dual carriageways as dividers. For each patch the 

following indices are then calculated: length of interior roads in km, length of bordering 

roads in km, and the density of interior roads in km per km2. Each primary polygon is 

then divided again into secondary polygons using all roads with a daily average traffic in-

tensity (DATI) of over a certain number of vehicles per day. This measure ignores the 

spatial distribution of roads within the patch, which is likely to affect perceived fragmen-

tation. 

A similar approach has been taken by Bekker et al. (2005) in calculating the so-called 

grid width of a landscape for a given total length of road. Grid width is computed as the 

distance between roads when the total length of road is distributed across the landscape in 

a grid. This metric attempts to represent the number of encounters with roads when mov-

ing across the landscape. 

In order to assess changes in the degree of fragmentation for a given landscape, it is nec-

essary to define the reference point with which a new land use pattern can be compared 

(Gulinck and Wagendorp, 2002). The relevant reference point for assessing a change in 

landscape fragmentation is not necessarily a pristine or perfectly unfragmented landscape, 

but might be the degree of fragmentation at some relevant juncture in the past. Gulinck 

and Wagendorp (2002) present a number of examples with alternative definitions of tar-

get and fragmenting land use. Defining open rural landscape as the target and buildings as 

the fragmenting land use, they use a metric defined as the average distance between each 

pixel of open space and an urban construction (building). In another example that is fo-

cused on the integrity of hedgerow networks, the metric used is the number of nodal 

points in the hedgerow network per hectare.2  

Jaeger (2000) proposes three fragmentation measures termed: 1. degree of landscape divi-

sion; 2. splitting index; 3. and effective mesh size. These three metrics contain essentially 

                                                   
2
  Hedgerows are rows of bushes or trees that form a hedge. Hedgerows are often planted in order 

to mark a boundary or form a barrier in agricultural areas but also provide habitat and corridors 

for plants and animals. 
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the same information (they are different conversions of the second moment of the area 

distribution function), but have different interpretations and mathematical properties. The 

degree of landscape division (D) is defined to represent the probability that two randomly  

chosen locations in a landscape are not situated in the same undissected area: 
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where n is the number of patches; Ai is the size of the n patches (i = 1, …, n); and At is the 

total area of the region. It represents the lack of freedom of movement across a landscape 

as fragmentation increases.  

The splitting index (S) is defined as the number of patches when the landscape is divided 

into parts of equal size to the point that it has the same degree of division as the landscape 

under investigation: 
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The effective mesh size (M) is defined as the size of the patches when the total area is di-

vided into S areas (each of the same size: At/S) with the same degree of landscape division 

as the landscape under investigation. It represents the probability that two randomly cho-

sen points in a landscape are connected, i.e., not separated by fragmenting land uses such 

as roads or railway lines. It can be interpreted as the potential for two animals placed ran-

domly on a landscape to meet each other (Jaeger et al., 2007). 
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A numerical example of these three fragmentation metrics is given in Table 2.1 below. 

The total area of the example region is 100km2, with initially three patches of different 

sizes of the target land use.  Under the first fragmentation scenario there is a total loss of 

patch 3, which results in an increase in the degree of landscape division, an increase in the 

splitting index, and a decrease in the effective mesh size. Under the second fragmentation 

scenario, patch 1 is split into two patches of equal size, resulting in a similar pattern of 

change in the three fragmentation metrics. An advantage of these metrics is the ability to 

reflect most forms of fragmentation, e.g., decline in patch numbers, area, splitting of 

patches. 
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Table 2.1 Numerical example of the degree of landscape division, splitting index, and 

effective mesh size fragmentation metrics. 

 Baseline 

scenario 

Fragmentation 

Scenario 1 

Fragmentation 

Scenario 2 

Patch 1a area (km
2
) 20 10 10 

Patch 1b area (km
2
)   10 

Patch 2 area (km
2
) 30 30 30 

Patch 3 area (km
2
) 15 0 15 

Region area (km
2
) 100 100 100 

Degree of landscape division (D) 0.85 0.90 0.87 

Splitting index (S) 6.56 10.00 7.55 

Effective mesh size (M) 15.25 10.00 13.25 

 

In comparison to many other fragmentation measures, for example the number of patches 

or the average patch size, these proposed metrics are not sensitive to the inclusion of 

small patch sizes and are able to distinguish between different spatial patterns. A feature 

particular to the effective mesh size metric is that it is area proportionally additive, i.e., it 

indicates the fragmentation of an area independently of its size and can be calculated for a 

combination of two or more regions. This makes the effective mesh size particularly use-

ful in comparing the fragmentation of regions of different size, in assessing the influence 

of parts of a region on the fragmentation of the whole region, and in assessing the frag-

mentation of a combination of several regions of different size (Jaeger, 2000). These met-

rics clearly have useful properties but lack an immediate intuitive interpretation. 

The metrics described above are only a small selection of the numerous fragmentation 

metrics that are available in the literature. These range from very simple to reasonably 

complex measures. These various metrics capture certain aspects of fragmentation and 

each has its own limitations, biases, and openness to misrepresentation. Many of the more 

complex metrics are specifically designed to avoid certain biases that are apparent in the 

simpler measures. It is, however, important that a metric retains a certain level of intuitive 

appeal – allowing results to be understood and interpreted correctly. This is treated as an 

important criterion in the selection of fragmentation metrics used in this study (see sec-

tion 2.7).  

2.6 Valuation of fragmentation 

The aim of this section is to provide a brief overview of the economic literature that deals 

with the valuation of fragmentation impacts in order to set the context for the valuation 

case studies described in subsequent chapters. There are currently very few valuation 

studies that explicitly aim to estimate values associated with landscape fragmentation or 

defragmentation. Notable contributions are hedonic pricing studies by Geoghegan et al. 

(1997), Kong et al. (2007), Cavailhes et al. (2009), and Kuethe (2009).  Stated preference 
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valuations of spatial fragmentation effects are scarcer, with a contingent valuation study 

by van der Heide et al. (2008) and a choice model study by Johnston et al. (2002). These 

studies are briefly described below. 

Geoghegan et al. (1997) develops a hedonic model to explain residential values in the re-

gion of Washington D.C., USA, and includes a number of spatial variables that are gener-

ated using a GIS. In addition to traditional variables such as the characteristics of the land 

parcel and distance to urban centres, a number of variables are included in the analysis 

that are designed to represent the pattern of surrounding land uses. One of these is a 

fragmentation index, defined as the perimeter to area ratio of land use patches. Another is 

a diversity index, which measures the extent to which a landscape is dominated by a few 

or many land uses. The results of a so-called spatial expansion model specification show 

that the elasticity of the selling price with respect to changes in these two indices (meas-

ured for a 0.1km buffer) is negative, suggesting that increasing fragmentation and diversi-

ty of land use in the immediate vicinity of a property is not desirable. 

The Kong et al. (2007) study uses a GIS to define spatial variables in an analysis of the 

value of urban green space in Jinan City, China. The landscape characteristics included in 

the hedonic model comprise measures of the abundance of green space, its accessibility, 

degree of fragmentation, and the diversity of different land uses. The abundance of green 

space is measured as the percentage of the landscape that is green space within a 300m 

radius. Accessibility to open space is measured as the travel time from each housing clus-

ter to the nearest park, plaza, and forest. Fragmentation is measured using three different 

metrics: the number of patches of green space within a 500m radius; the number of dif-

ferent classes of green space within a 500m radius; and the contiguity of patches of green 

space within a 500m radius. Landscape diversity or patch richness is measured as the 

number of different land use classes within a 500m radius. The key findings from this 

study are that proximity to green open space has a considerable positive effect on house 

prices, patch richness has a negative effect, accessibility effects are small, and the frag-

mentation variables are not significant. The authors note that their findings might be re-

lated to the spatial scale at which the variables are defined, in particular the negative ef-

fect of landscape diversity. 

Cavailhes et al. (2009) conduct a hedonic pricing study of landscape characteristics in the 

urban fringe of the city of Dijon, France. They use satellite images and a digital elevation 

model to construct three dimensional viewsheds for the properties in their sample. They 

show that line of sight to landscape characteristics is highly important to the influence of 

these characteristics on property values. For example, trees close to houses have a posi-

tive effect on house prices but if out of view, the effect is one third of that of trees in 

view. The scale over which views are important is shown to be very limited, with views 
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of landscape features more than 100-300m away having insignificant effects on prices. 

The analysis includes a number of landscape indices that capture fragmentation effects. 

These are the number of patches and length of patch edge of deciduous trees measured 

within a 70m radius of each property, and the number of patches of farmland located 

within the 70-280m range. The results show significant positive effects for the number of 

patches of both deciduous trees and agricultural land, and a significant negative but very 

small effect of patch edge. The authors argue that these results indicate preferences for 

complex, fragmented shapes and mosaic patterns of scenery. 

Kuethe (2009) examines the influence of urban spatial fragmentation on single family res-

idential property prices in the city of Milwaukee, Wisconsin, USA, using spatial econo-

metric techniques in a hedonic pricing study. Two measures of spatial fragmentation are 

included as explanatory variables in the hedonic regression model, namely the mean resi-

dential patch size and Shannon‟s Diversity Index, which is a function of the number of 

patches of each land use class (using a 13 class classification). These metrics are comput-

ed for each of 150 neighbourhoods in the city. The study uses neighbourhood demarca-

tions defined by the Milwaukee Department of development, which are based on a large 

number of factors. Neighbourhoods vary greatly in spatial scale, ranging from 10 to 2,065 

acres. The estimation results show a positive and significant effect for the average resi-

dential patch size on property values (suggesting a premium of approximately $179 per 

acre for the average home) but no significant effect for neighbourhood land use diversity. 

Van der Heide et al. (2008) apply the contingent valuation method to estimate public will-

ingness to pay for two defragmentation scenarios in the Veluwe in the east of the Nether-

lands. The two defragmentation scenarios involve measures to allow the free dispersal of 

animals to reach the river pastures of the IJssel and Rhine. The first scenario connects the 

Veluwe with the IJssel river and describes the removal of game-averting fences and the 

construction of an ecoduct across the A50 motorway. The second scenario connects the 

Veluwe with the Rhine and describes the removal of game-averting fences, construction 

of an ecoduct over the A12 motorway, relocation of industry, and the elevation of a 500m 

stretch of provincial road. The results of this study show high mean WTP estimates for 

both scenarios: €106 for scenario 1 and €264 for scenario 2. By aggregating these values 

over the population of the Netherlands, the authors show that the benefits of the 

defragmentation considerably outweigh the investment costs.  

The Johnston et al. (2002) choice model study examines the preferences of rural residents 

in Rhode Island for a large number of spatial and non-spatial characteristics of new hous-

ing developments. Among the spatial attributes included in this choice model are the 

edge-to-area ratio of new development and the number of patches of new development. 

The focus of the Johnston et al. (2002) study is on the characteristics of housing devel-
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opment and not green-blue land uses; nevertheless the methods, definition and representa-

tion of attributes, and findings are of relevance to the present study. The choice sets are 

represented in stylized maps with many of the attributes included without a text descrip-

tion. This is done to explicitly test whether respondents to stated preference surveys are 

able to observe and respond to such details. The study finds evidence of positive prefer-

ences for the edge-to-area ratio but negative preferences for the number of patches of de-

veloped land. Johnston et al. (2002) note that although the fragmentation metrics they use 

are independent in the statistical design, they are geometrically correlated in the choice 

set representation, which makes the interpretation of the results regarding fragmentation 

somewhat ambiguous. 

The existing evidence on the economic value of landscape fragmentation shows the pos-

sibility of estimating values for the impact of fragmentation as measured through a num-

ber of different metrics. Table 2.2 presents an overview of the metrics used in this litera-

ture. There is no consensus on a preferred metric of fragmentation for valuation. One 

common observation across several fragmentation valuation studies, however, is that the 

observed impact of fragmentation varies depending on the scale at which it is measured. 

Table 2.2 Fragmentation metrics used in the valuation literature. 

Fragmentation 

metric 

Geoghe-

gan et al. 

(1997) 

Kong et 

al. (2007) 

Cavailhes 

et al. 

(2009) 

Kuethe 

(2009) 

Van der 

Heide et 

al. (2008) 

Johnston 

et al. 

(2002) 

Edge/area ratio x     x 

Diversity index x   x   

Percent target land 

use 
 x     

No. patches of 

target land use 
 x x   x 

No. of different 

land use classes 
 x     

Contiguity of tar-

get land use 
 x     

Length of patch 

edge 
  x    

Mean patch size    x   

Description of 

fragmentation 

scenario 

    x  
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Although there are few studies that explicitly address the value of fragmentation, there are 

many that examine landscape characteristics that are associated with fragmentation. In 

particular, a large number of studies attempt to estimate the value of open space.  These 

have predominantly employed either the contingent valuation or hedonic pricing methods. 

The contingent valuation studies generally attempt to value alternative landscape patterns 

and land uses (e.g., Bergstrom et al., 1985; Willis and Garrod, 1993; Franco et al., 2001). 

Hedonic pricing studies have mostly focussed on the influence of open space on residen-

tial property values within an urban environment (e.g., Correl et al., 1978; Lake et al., 

1998; Luttik, 2000; Orford, 2000; Smith et al., 2002; Cheshire and Sheppard, 2002; Mo-

rancho, 2003). Meta-analyses of the results of 20 contingent valuation studies and 12 he-

donic pricing studies of urban and peri-urban open space are described in chapter 3. 

2.7 Definition and measurement of fragmentation in this study 

Defining landscape fragmentation involves specifying the group of land uses that are 

fragmented and the group of land uses that cause the fragmentation. As noted in section 

2.4, the defragmentation of one group of land uses will tend to result in the fragmentation 

of other groups in a landscape. The group of land uses that we treat as fragmented are 

natural, semi-natural, water, forest, and traditional agricultural areas. This group of land 

uses is consistent with Gulink and Wagendorp‟s (2002) concept of multi-functional rural 

areas. We focus our analysis on landscape fragmentation due to transport infrastructure 

and define the land uses that cause landscape fragmentation to be transport networks 

(road and rail). Urban land uses (housing, commercial, industrial, and greenhouse agricul-

ture) are, to the largest extent possible, treated as background in the quantification of 

landscape fragmentation.  

To quantify landscape fragmentation in this thesis, we use a relatively simple set of met-

rics to describe fragmentation in order to facilitate the interpretation and comparison of 

results. The fragmentation metrics used are the total area of green-blue land uses; the av-

erage patch size; the number of patches; and the total length of patch edge. The interpreta-

tion and motivation for the selection of each of these metrics is given below. 

The total area of green-blue land use represents the availability of the target land use in 

the landscape. As a fragmentation metric this potentially captures differences in the avail-

ability of the target land use due to fragmentation. It is also important to control for the 

area of green-blue land uses within a landscape in order to identify the effects of the other 

selected fragmentation metrics (e.g., to identify preferences for changes in average patch 

size while controlling for differences in the area of the target land use).  

The average patch size metric may potentially capture fragmentation effects related to the 

minimum area requirements for certain recreational activities. Larger patches may pro-
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vide opportunities for a wider variety of activities than small patches. For example, a 

large patch may provide a viable space for running and walking, whereas smaller patches 

may be considered only useful for stationary activities such as picnicking. Alternatively, 

the public may perceive that larger patches of green-blue land use provide viable habitats 

for local fauna, whereas smaller habitats do not. It is noted that the average patch size 

does not fully reveal the distribution of patch sizes but will in general indicate whether 

patches in a landscape are larger or smaller than in other landscapes.  

The number of patches metric indicates the extent to which the green-blue land uses in a 

landscape are split into separate patches. For a given total area of green-blue land use, a 

higher number of patches indicates a greater degree of fragmentation. The number of 

patches may also capture the extent to which there are substitute green open spaces in the 

landscape. As such, this metric may be useful for identifying whether people have prefer-

ences for multiple alternative green areas or prefer fewer more contiguous areas. 

The total length of edge between patches of green-blue land uses and transport infrastruc-

ture may capture the extent to which an area of open space is exposed to external disturb-

ances from transport. Potential disturbances may include visual intrusion from the infra-

structure itself as well as noise, light, and vibrations from traffic. This metric may also 

help to measure the barrier effect of transport infrastructure in preventing people from ac-

cessing areas of green-blue land use. 

The selected metrics are, to a large extent, variations of the same information and are 

likely to be geometrically correlated (Hargis et al., 1998). To examine this issue, Table 

2.3 presents the bivariate Pearson correlation coefficients for the four fragmentation met-

rics for the sample of 3,012 house locations used in the hedonic pricing analysis in chap-

ter 5. The metrics are measured for the landscape within a 1km radius of each property 

(see chapter 5 for a detailed description of this data). All correlation coefficients are sig-

nificant at the 1% level except for the correlation between total edge and number of 

patches, which is significant at the 5% level.  

We observe a negative but very low correlation between total edge and number of patch-

es. These two metrics are not highly related since patches can be separated by urban land 

uses as well as transport infrastructure, whereas total edge is only a measure of bounda-

ries between green-blue land uses and transport infrastructure. Total edge and total area of 

green-blue land use are positively correlated; areas with more green-blue land use also 

have more edge between green-blue and transport infrastructure. Similarly, there is a 

positive correlation between total edge and average patch size. 

We observe a negative correlation between the number of patches and the area of green-

blue land use, which suggests that, for this landscape, more green-blue land use results in 



31 

 

 

greater connectivity between patches and therefore fewer patches. There is a high nega-

tive correlation between the number of patches of green-blue land use and the mean patch 

size, and a high positive correlation between area of green-blue land use and the mean 

patch size. 

It should be noted that the signs of the correlations between fragmentation metrics as ob-

served for our house transaction data, do not necessarily hold for other landscapes. It is 

possible that in other landscapes there might be correlations between these metrics with 

opposite signs. For example, the correlation between number of patches and area of 

green-blue land use could be positive instead of negative, i.e., additional units of green-

blue land use could exist as separate patches without creating connections between other 

patches. 

Table 2.3 Correlations between fragmentation metrics, n = 3012. 

 No. patches Area green- 

blue 

Average patch  

size 

       

Total edge  -0.041* 0.507** 0.372** 

No. patches   -0.250** -0.748** 

Area green-blue    0.830** 

* Correlation is significant at the 0.05 level (2-tailed). 

** Correlation is significant at the 0.01 level (2-tailed). 

 

The set of metrics used in this study have been selected to represent different aspects of 

fragmentation or landscape characteristics that people hold preferences for; they are the 

availability of open space, the size of patches of open space, the extent to which open 

space is split up, and the exposure of open space to transport related disturbance and bar-

riers. These metrics have been used successfully to capture fragmentation effects in pre-

vious valuation studies (see section 2.6) and have direct intuitive interpretations that is 

lacking for many of the more complex fragmentation measures described in section 2.5. 

In the present study the selected metrics are used to define and value landscape fragmen-

tation in a choice experiment (chapter 4) and a hedonic pricing study (chapter 5). The data 

and methods by which these metrics are measured are described in each chapter. In the 

hedonic pricing study, these metrics are estimated for different spatial scales in order to 

identify whether preferences for landscape fragmentation vary over the scale at which it is 

experienced. In the choice experiment valuation study, in addition to the total length of 

edge between green-blue land uses and transport infrastructure, we also include an attrib-

ute that captures the fragmentation effect of the height of transport infrastructure. This at-

tribute is described in detail in chapter 4. 
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3. The value of urban and peri-urban open space: meta-analyses 

of contingent valuation and hedonic pricing results 

Urban open space provides a number of valuable services to urban populations, includ-

ing recreational opportunities, aesthetic enjoyment, environmental functions, and may al-

so be associated with existence values. In separate meta-analyses of the contingent valua-

tion (CV) and hedonic pricing (HP) literature we examine the important physical, socio-

economic, and study characteristics that determine the value of open space. The depend-

ent variable in the CV meta-regression is defined as the value of open space per hectare 

per year in 2003 US$, and in the HP model as the percentage change in house price for a 

100m decrease in distance to open space. Using a multi-level modelling approach we find 

in both the CV and HP analyses that there is a positive and significant relationship be-

tween the value of urban open space and population density, indicating that scarcity and 

crowdedness matter, and that the value of open space does not vary significantly with in-

come. Further, urban parks are more highly valued than other types of urban open space 

(forests, agricultural and undeveloped land) and methodological differences in study de-

sign have a large influence on estimated values from both CV and HP. We also find im-

portant regional differences in preferences for urban open space, which suggests that the 

potential for transferring estimated values between regions may be limited. 

3.1 Introduction 

The terms „urban open space‟ and „peri-urban open space‟3 encompass a range of land us-

es including urban parks, forests, green spaces (e.g., golf courses and sports fields), unde-

veloped land, and agricultural land at the urban fringe.4 Open space provides a number of 

valuable services to urban populations, such as recreational opportunities, aesthetic en-

joyment, and environmental and agricultural functions (e.g., micro-climate stabilisation, 

water retention, and water purification). In addition, urban populations may hold values 

related to the preservation of open spaces for use by future generations. The services pro-

vided by urban open space are, however, recognised to have public good characteristics 

and as a result tend to be under-provided in the absence of policy intervention (Smith et 

al., 2002; Kotchen and Powers, 2006). The demand for public preservation efforts is evi-

                                                   
3
  The term „peri-urban‟ is used to describe areas that are immediately adjoining an urban area. 

The equivalent term „exurban‟ is also used in the literature. 
4
  The concept of urban open space can also include urban wetlands. We decided to exclude ur-

ban wetlands from the present analysis because they potentially provide a much wider set of 

ecosystem services than other forms of open space, and therefore introduce a greater degree of 

heterogeneity into the data; and because the values of wetlands have already been thoroughly 

examined in previous meta-analyses (see Brouwer et al., 1999; Woodward and Wui, 2000; 

Brander et al., 2006; Ghermandi et al., 2008). 
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dent from the number of referenda that deal with open space conservation held at the 

state, county, and district level in the United States. In the five-year period 2001-2005 

there were 880 ballots on open space conservation measures, and around three quarters of 

these were passed (TPL, 2005). In other countries there is also clear public concern over 

urban development and the preservation of urban green areas (Tyrvainen and Vaananen, 

1998; ODPM, 2002). Public decision-making requires information on the value of ser-

vices provided by open spaces in order to make informed trade-offs against the (oppor-

tunity) costs of preservation. The services associated with open space, however, are gen-

erally not traded directly in markets and their values are therefore unknown. 

In response to this lack of information, a considerable number of economic valuation 

studies have been conducted that attempt to estimate values of urban open space. We 

have collected over 90 studies dealing with open space valuation that have been published 

over the past 30 years. Such a „flood of numbers‟ becomes difficult to interpret and ne-

cessitates the use of research synthesis techniques, and in particular statistical meta-

analysis (Stanley, 2001; Smith and Pattanayak, 2002; Bateman and Jones, 2003). In addi-

tion to identifying consensus in results across studies, meta-analysis is also of interest as a 

means of transferring values from studied sites to new policy sites. Useful descriptive 

overviews of the open space valuation literature have been written by Fausold and 

Lilieholm (1999) and McConnell and Walls (2005), but to our knowledge this is the first 

meta-analysis of open space valuation results. 

The aim of this chapter is to provide new insights into consumer preferences for urban 

and peri-urban open space, and additionally to examine the influence of methodological 

differences on valuation results. The economic literature on the provision of open space, 

including several studies that examine the outcomes of public referenda on open space 

conservation, provides a number of hypotheses to be tested using the meta-analyses pre-

sented below. A first hypothesis is that open space is a normal good, i.e., has a positive 

income elasticity of demand. There is mixed evidence on the relationship between income 

and demand for publicly provided open space. Some studies have observed a positive re-

lationship (e.g., Breffle et al., 1998; Bates and Santerre, 2001; Kotchen and Powers, 

2006), whereas others find no significant association (e.g., Deacon and Shapiro, 1975; 

Kline and Wichelns, 1994; Romero and Liserio, 2002). Using U.S. county level data, 

Kline (2006) finds that per capita income has a positive but diminishing influence on the 

prevalence of open space referenda. Research by Kahn and Matsusaka (1997) on state-

wide referenda in California shows a positive relationship between per capita income and 

the collective provision of open space (i.e., that open space is a normal good), except 

where incomes are very high, in which case the relationship becomes negative. A possible 
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explanation of this finding is that beyond a certain income level people prefer to purchase 

open space privately in the form of large gardens or holiday homes.  

A second hypothesis is that the value of open space increases with population density. 

Population density reflects two important determinants of the value of open space. Firstly 

it represents the demand for open space in terms of the number of people in the vicinity 

that benefit from it, and secondly this variable may also indicate the availability of open 

space, i.e., that more densely populated areas have less open space. In both cases we 

would expect a positive relationship between the value of open space and population den-

sity. Using data on referenda in the United States between 1998 and 2003, Kotchen and 

Powers (2006) examine the factors that influence voter decisions related to open space. 

They find a positive but insignificant relationship between population density and the 

probability of a referendum passing. Kline (2006) finds a positive but diminishing influ-

ence of population density on the prevalence of county open space referenda. They also 

find that the percentage change in population density between 1990 and 2000 has a posi-

tive influence on the number of open space referenda held, suggesting that the rate of 

change in urbanisation also affects public perceptions and preferences for open space.  

A final hypothesis is that agricultural land is more valuable than other types of open 

space. Agricultural land may be seen as a multi-functional good that, in addition to agri-

cultural output, also provides non-marketed aesthetic and possibly recreational services. 

Kline and Wichelns (1998) use survey data to examine public preferences for preserving 

farmland and open space. Their results show that farmland used for fruit, vegetables, 

crops, and pasture is preferred over most other types of open space. Kotchen and Powers 

(2006) include a variable in their model indicating whether the open space to be preserved 

is agricultural or non-agricultural land, and find that voters tend to favour local farmland 

preservation over other types of land.   

The most commonly applied valuation methods in the open space literature are hedonic 

pricing (HP) and contingent valuation (CV).5 We conduct separate meta-analyses on the 

results from these two valuation methods. It should be noted that value estimates from 

these two methods are generally not directly comparable. Aside from differences in the 

welfare measures that they estimate6, HP has generally been used to estimate the impact 

of distance to open space on property values, whereas CV studies have tended to value 

open space in terms of units of area (e.g., WTP for the preservation of a particular plot of 

land). Moreover, HP estimates deal with one-time percentage changes in property values, 

                                                   
5
  There are a few studies that apply the travel cost method (Dwyer et al., 1983; Lindsey et al., 

2004; Lockwood and Tracy, 1995) and choice experiments (Duke et al., 2002; Mallawaarach-

chi et al., 2006) to value urban open spaces. 
6
  CV estimates compensating or equivalent surplus, whereas HP estimates Marshallian consum-

er surplus (see section 4 for more detail). 
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while CV studies generally produce annual WTP values. We therefore deal with value es-

timates from these methods in separate meta-analyses. 

The organisation of this chapter is as follows. Section 3.2 provides an overview of the 

open space valuation data taken from CV studies and presents the meta-analysis results 

related to this data. Section 3.3 does the same for the HP data. Section 3.4 makes a com-

parison of the results from these two meta-analyses, and Section 3.5 provides conclu-

sions. 

3.2 Meta-analysis of contingent valuation results 

In this section we present the results of the meta-regression analysis of contingent valua-

tion estimates of the value of open space. In section 3.2.1 we describe the data used in the 

analysis, including the standardisation of the dependent variable and a description of the 

explanatory variables. Section 3.2.2 presents the specification of the meta-regression and 

the results. 

3.2.1 CV data description 

We collected 38 contingent valuation studies on urban and peri-urban open space. The lit-

erature search attempted to be as comprehensive as possible by accessing online reference 

inventories (e.g., Environmental Valuation Reference Inventory, EVRI, www.evri.ca; and 

Environmental Valuation Database ENVALUE, www.environment.nsw.gov.au/envalue), 

library catalogs, and relevant reference lists and bibliographies. We recognise that it is 

unlikely that we would manage to retrieve all available open space CV studies but at-

tempted to obtain a large sample that covers the range of open space land uses and ser-

vices. Of the studies collected, 20 provided sufficient information to be included in a sta-

tistical meta-analysis, i.e., contained information on all variables included in the meta-

regression. A list of these 20 studies is provided in Table 3.1. From these studies we were 

able to code 73 separate value observations in a numerical database. The possibility of 

obtaining multiple value observations from a single study arises for a number of reasons. 

Individual studies might describe valuations of multiple study sites, applications of differ-

ent elicitation formats or estimation methods, or use different sampling approaches. In 

coding multiple value observations from single studies, care was taken to only include 

separate observations if the differences between them could be described using the set of 

explanatory variables included in our database. The highest number of observations from 

a single study is provided by Scarpa et al. (2000), who estimate the value of 24 forests 
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used for recreation in Northern Ireland and the Republic of Ireland.7 Value estimates have 

been standardised to US$ per hectare per annum in 2003 prices using GDP deflators and 

PPP exchange rates from the World Bank World Development Indicators 2006. The mean 

value is US$ 13,210 per hectare per annum, and the median value is US$ 1,124, reflecting 

a rather skewed distribution.  

The selection of the units in which to standardise value estimates required careful assess-

ment of the underlying data. The valuation questions used in most of the studies included 

in our sample are formulated to elicit WTP for the creation or maintenance of a specified 

area of open space rather than WTP per visit (as is often the case in CV studies of nation-

al parks or marine protected areas). We therefore chose to standardise values on a per 

hectare rather than per visit basis. Values that are reported per household or per visitor 

were aggregated using information on the number of households or visitors that form the 

economic constituency or market for each open space. This information was taken from 

the underlying primary valuation studies. In assessing estimates of compensating varia-

tion for changes in area of open space, there are two area measurements in which we are 

interested, the change in area and the initial area of open space. We use the former to 

standardise estimated values to a per hectare basis whereas the latter is included in the 

meta-regression as an explanatory variable. It is important to recognise the distinction be-

tween these two measures of area and specifically that we avoid the inclusion of the same 

measure of area on both sides of the meta-regression function. A further consideration in 

defining the units in which to standardise value estimates is that for the purposes of using 

the estimated meta-regression function for value transfer, it is preferable to define the de-

pendent variable in per hectare rather than per person terms. This avoids the potentially 

difficult step in a value transfer exercise of identifying the population that hold values for 

the policy site open space. Instead, the population size effect on the value of open space is 

controlled for by including a population variable in the meta-regression.  

In standardising open space values we faced the problem of distinguishing between aver-

age and marginal values, both of which can be expressed as a monetary value per hectare. 

The majority of open space valuation studies have estimated total or average values but 

there are also a large number of estimates of marginal open space values. Expressing 

open space values in per hectare terms gives the impression that each hectare in an open 

space is equally productive, i.e., exhibits constant returns to scale or equivalently that the 

marginal value is equal to the average value. Without being able to convert marginal val-

                                                   
7
  Almost one third of our sample is taken form a single study, which presents a potential prob-

lem for our analysis. Unexplained similarities in value estimates produced by the same author 

(i.e., authorship effects) may invalidate the assumption of independent observations. We test 

for the presence of authorship effects in the data using the multi-level modelling approach de-

scribed in section 3.2.2 and find no statistically significant effect. 
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ues to average values or vice versa, we assume exactly this. This assumption is examined 

later on in the discussion on whether open space exhibits increasing or decreasing returns 

to scale. 

In terms of site characteristics, we coded information on location, type of land use, ser-

vices provided, and area of the site. Table 3.2 gives the number of observations in each 

category. The studies included in our database cover 15 countries and US states (listed in 

Table 3.1). We anticipate that preferences for open space will vary across countries and 

regions depending on different cultural influences and perceptions of natural and open 

spaces. The categories of open space that we use are: forest, park, green space, undevel-

oped land, and agricultural land. Due to the low number of observations for parks, green 

space, and undeveloped land, we combine parks and green space in one category and 

combine undeveloped land with agricultural land in the meta-regression analysis. The 

categories of open space services are: recreation, preservation, aesthetic, and environmen-

tal/agricultural. Open space may be used for a number of recreational activities such as 

sports, picnicking, dog walking, and bird watching, but in the interest of maintaining a 

manageable number of explanatory variables we group all recreational activities together. 

Environmental and agricultural services include micro-climate stabilisation, water reten-

tion, and water purification. Again due to the low number of observations, these services 

were combined as one category. There is inevitably some degree of correlation between 

type of open space and the services it provides, notably environmental/agricultural ser-

vices are mainly provided by agricultural land. The provision of other open space services 

from agricultural land has, however, also been valued. 

In terms of study characteristics we coded information on the payment vehicle used, the 

elicitation format, and the sample size. The categories of payment vehicle are: entry 

charge, tax, donation to a fund, and other payment vehicles. Other payment vehicles in-

clude increases in accommodation costs and increases in the price of rice. The categories 

of elicitation format are: dichotomous choice, open ended, and payment card. The sample 

sizes used in the underlying studies vary greatly, ranging from 67 to over 1,600. To some 

extent sample size may indicate study quality and the precision of value estimates, and we 

use this information to weight value observations in the meta-regression (this issue is dis-

cussed in more detail below). 
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Table 3.1 Contingent valuation studies included in the meta-analysis. 

Lead author Year of publication Journal/Publication Study site No. of 

obs. 

Bergstrom et al. 1985 SJAE Greenville county, South Carolina, US 4 

Bishop 1992 JEPM Derwent and Watford, UK 2 

Bowker and Diychuck 1994 ARER Moncton, New Brunswick, Canada 4 

Breffle et al. 1998 Urban Studies Boulder, Colorado, US 1 

Chen 2005 Working paper Taiwan 3 

Fleischer and Tsur 2000 Conf. Proceedings Hula and Jezreel valleys, Israel 2 

Fleischer and Tsur 2004 ERAE Northern Israel 1 

Hanley and Knight 1992 JEPM Chester, UK 1 

Jim and Chen 2006 LUP Guangzhou, China 1 

Krieger 1999 Working paper Chicago collar counties, US 3 

Kwak et al. 2003 Urban Studies Seoul Metropolitan Area, South Korea 1 

Lindsey and Knaap 1999 JPRA Marion County, Indiana, US 1 

Lockwood and Tracy 1995 JLR Centennial Park, Sydney, Australia 1 

Maxwell 1994 JEM Marston Vale, Bedfordshire, UK 4 

Rosenberger and Walsch 1997 JARE Routt County, Colorado, US 4 

Ready et al. 1997 Growth and Change Kentucky, US 1 

Scarpa et al. 2000 FPE 24 forests in N. and Rep. Ireland 24 

Tyrvainen and Vaananen 1998 LUP Joensuu, Finland 8 

Tyrvainen 2001 JEM Salo, Finland 6 

Willis and Whitby 1985 JRS Tyne county, UK 1 

Journal acronyms: 

ARER: Agricultural and Resource Economics Review 

ERAE: European Review of Agricultural Economics 

FPE: Forest Policy and Economics  

JARE: Journal of Agricultural and Resource Economics 

JEM: Journal of Environmental Management 

JEPM: Journal of Environmental Planning and Management 

JLR: Journal of Leisure Research 

JPRA: Journal of Park and Recreation Administration 

JRS: Journal of Rural Studies 

LUP: Landscape and Urban Planning 

SJAE: Southern Journal of Agricultural Economics 
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Information on average incomes for the samples included in the underlying CV studies 

was generally unavailable. We therefore added data on GDP per capita at the state level 

for US states from the National Bureau for Economic Research (www.nber.org) and the 

national level for all other countries from Globalis (http://globalis.gvu.unu.edu) for the 

relevant year for each underlying study. We also added data on population densities at the 

state, province, or county level, and for the area within a 4km, 8km, and 12km radius of 

each study site using a GIS.8 

Table 3.2 Numbers of observations by continent, type of open space, service valued, 

payment vehicle, and elicitation format. 

Continent Europe N. America Asia Australasia  

 46 18 8 1  

Type of space Forest Agriculture Green 

space 

Undeveloped Park 

 45 24 2 1 1 

Service Recreation Preservation Aesthetic Environmental/Agriculture  

 49 11 7 6  

Payment vehicle Entry fee Tax Donation Other  

 38 16 13 6  

Elicitation for-

mat 

Dichotomous 

choice 

Payment 

card 

Open 

ended 

  

 31 26 16   

 

3.2.2 CV meta-regression specification and results 

The dependent variable in our regression equation is a vector of values in US$ per hectare 

per year in 2003 prices, labelled y. The explanatory variables are grouped in three differ-

ent matrices that include the site characteristics in Xc  (i.e., type of open space, open space 

service, and area of site), the study characteristics in Xa  (i.e., payment vehicle and elicita-

tion format), and the socio-economic characteristics of the population in Xs  (i.e., GDP per 

capita and population density). The model fit was considerably improved by using the 

natural logarithm of the dependent variable, the area of the site, GDP per capita, and pop-

ulation density. In addition we centred the area, income, and population density variables 

(i.e., subtracted the mean of each variable from each observation‟s value for that variable) 

so that the intercept term can be interpreted as the predicted value for a site that has aver-

age values for each continuous explanatory variable. Following Bateman and Jones 

(2003) we use a multi-level modelling (MLM) approach to estimate the meta-regression.9 

                                                   
8
  Population and population density information was derived from CIESIN data. The process by 

which this data was converted to represent each study site in our data set is described in Wag-

tendonk and Omtzigt (2003). 
9
  The software used is MLwiN version 2.0 (see Rasbash et al., 2003). 
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The two-level MLM is similar to the one-way error components random effects model 

but allows for more complex modelling of the variance components observed at each lev-

el of a specified hierarchy. MLM allows a relaxation of the common assumption of inde-

pendent observations, and allows us to examine hierarchies within the data, such as simi-

larity of estimates in the same region. There are of course multiple possible sources of 

dependence in meta-analysis data (see Rosenberger and Loomis, 2000). In our case the 

choice for dependence within regions seems plausible since preferences for open space 

likely differ across regions. We define countries and US states as regions in our data. Ex-

planations for these regional differences are, for example, differences in total supply and 

quality of open space, but also culturally determined differences in preferences. We can-

not explicitly control for these factors in our meta-analysis, so they are accounted for by 

the regional variance component. We also examine dependence within studies, which to 

some extent coincides with the same clustering of value observations in regions, but do 

not find a statistically significant effect.  

The use of MLM provides an indication of where the assumption of independence may be 

invalid, and also improves the estimation of standard errors on parameter coefficients. 

The practical advantage of using MLM over simply including regional dummy variables 

is that it uses data from all the observations in the sample to estimate the model. This 

pooling of information results in „borrowing of strength‟; region specific effects that 

would be poorly estimated if modelled on their own benefit from information from other 

regions (Orford, 2000). This results in precision-weighted estimation, for which unrelia-

ble region specific implicit prices are differentially shrunk towards the overall estimate.  

The estimated model is: 

            
        

       
             

where the subscript i takes values from 1 to the number of observations and subscript j 

takes values from 1 to the number of regions, α is the constant term, μj is an error term at 

the second (region) level, εij  is an error term at the first (observation) level, and the vec-

tors β contain the coefficients on the respective explanatory variables to be estimated by 

the model. We assume that μj and εij follow a normal distribution with means equal to ze-

ro and that they are uncorrelated, so that it is sufficient to estimate their variances,    
  and 

  
   respectively. This type of model is also known as a variance components model, giv-

en that the error variance is partitioned into components corresponding to each level in 

the hierarchy. In our model, the level 2 error term represents each region‟s departure from 

the population mean, represented by the constant term. Since the model contains more 

than one error term, it cannot be estimated using OLS. A procedure of iterative general-

ised least squares (IGLS) can be used instead, in which the fixed and random parameters 
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are simultaneously estimated in a sequence of linear regressions until convergence is 

reached.  

In order to control for differences in the precision of the underlying value estimates, we 

weight the observed values by the square root of the sample size in the underlying study, 

as proposed by Hunter and Schmidt (1990). This weighting procedure has been shown to 

be less efficient but also less biased than using weights based on the standard errors of the 

effect sizes (Sanchez-Meca and Marin-Martinez, 1998). Standard errors for the value es-

timates in our sample are, however, generally not reported and so this alternative 

weighting option was not possible. The effect of weighting the observed values does not 

have a substantial effect on the estimated coefficients but does drawn in the standard er-

rors. The results of the meta-regression are presented in Table 3.3. 

Table 3.3 CV meta-regression results. 

Variable category Variable Coefficient Standard error 

 Constant 7.35
***

 1.13 

Land use Parks and green space 2.25
**

 0.85 

 Agricultural and undeveloped land 1.75 1.07 

Services Recreation 1.44
*
 0.81 

 Preservation 0.82 0.76 

 Aesthetic 0.90 0.60 

Area Area (ln) –0.80
***

 0.06 

Payment vehicle Entry charge –0.76 0.81 

 Tax –1.52
***

 0.56 

 Donation –2.02
*
 0.83 

Elicitation format Dichotomous choice –1.42
**

 0.56 

 Payment card –0.83
**

 0.44 

Socio-economic GDP per capita (ln) 0.30 0.60 

 Population density (ln) 0.49
***

 0.11 

    

Level 1 (estimate) variance 0.49
***

 0.10 

Level 2 (regional) variance  1.53
***

 0.43 

N  73  

–2*loglikelihood  191.9  

Pseudo R
2
  0.44  

Dependent variable: US$ per hectare per year (ln) 

***
, 

**
, 

*
 = significant at 1%, 5%, and 10%, respectively. 
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The estimated coefficients on the explanatory variables that are expressed as logarithms 

can be interpreted as elasticities, i.e., the percentage change in the dependent variable 

given a percentage point change in the explanatory variable. The coefficients on the 

dummy variables included in the model measure the constant proportional change or rela-

tive change in the dependent variable for a given absolute change in the value of the ex-

planatory variable. McFadden‟s pseudo R2 lacks the direct interpretation as the proportion 

of variation in the dependent variable that is predicted by the model but is useful as a 

guide to comparing models. 

The constant term is positive and statistically significant at the 1% level. It indicates that 

the value of open space with „average‟ characteristics is approximately 1,550 

US$/ha/year. Average characteristics correspond to the average area (9,918 ha), GDP per 

capita (20,542 US$), and population density (218/km2) in the meta-data; and the omitted 

categories of the dummy variables included in the meta-regression, namely forests, envi-

ronmental/agricultural services, other payment vehicle, and open ended elicitation format.    

Regarding land use type, the coefficient on the parks and green space dummy variable is 

positive and significant, indicating that this type of open space is more highly valued than 

forest (the omitted categorical variable). The coefficient on the agricultural and undevel-

oped land dummy variable is positive but not statistically significant. This result contrasts 

with that of Kline and Wichelns (1998) and Kotchen and Powers (2006), who find evi-

dence of stronger preferences for agricultural land over other types of open space. In 

terms of the services provided by open space, recreation appears to be the most valuable. 

The coefficient on the recreation dummy variable of 1.44 indicates that if an open space 

provides recreational opportunities instead of environmental/agricultural services, the 

value per hectare per year is 144% higher (holding all other characteristics constant).  The 

coefficients on the preservation and aesthetic variables are also positive but not statistical-

ly significant. The negative and highly significant coefficient on the area variable indi-

cates that larger open spaces have lower per hectare values, i.e., there is diminishing mar-

ginal value of the size of open space. For example, an open space that is 10% larger than 

the average would have a value of 1,432 USD/ha/year, i.e., 8% lower per hectare. This re-

sult also suggests that respondents in the underlying studies are sensitive to scope, i.e., are 

willing to pay more for larger areas of open space. This result is in accordance with the 

finding of Smith and Osbourne‟s (1996) meta-analysis of scope effects for visibility in 

national parks. 

Regarding the payment vehicle used in the study, the results show that taxes and dona-

tions both produce significantly lower values than other payment vehicles. This result 

corroborates Kotchen and Powers (2006) finding that the proposed funding mechanism 

for the conservation measure under consideration has a significant impact on the outcome 
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of referenda, with voters being less likely to approve tax increases. We also find evidence 

that the elicitation format used in the questionnaire has a significant influence on the val-

ues obtained. Dichotomous choice and payment card formats tend to produce significant-

ly lower value estimates than the open-ended format. This is in contrast to the general 

finding in other studies that mean WTP from dichotomous choice formats exceed mean 

WTP from open ended questions (Bateman et al., 1995). 

We find a positive and significant relationship between the value of open space and popu-

lation density (measured at the state, county, or provincial level). A 10% increase in pop-

ulation density results in a 5% increase in the value of open space. The coefficient on 

GDP per capita is positive but insignificant, suggesting that income is not an important 

determinant of open space value. While controlling for GDP per capita, we do still find 

significant regional differences in value estimates of open space as indicated by the level 

2 variance. The variance partition coefficient indicates that 76% of the total unexplained 

variance in the value of open space may be attributed to differences between regions. This 

suggests that there are important regional differences in preferences for open space. The 

regional effects (level 2 residuals) are presented in Figure 3.1 together with 95% confi-

dence intervals.10 By observing whether the confidence intervals overlap zero we can de-

termine whether the value of open space in a region differs significantly from the overall 

average at the 5% level (remembering that level 2 residuals represent regional departures 

from the overall average predicted by the constant term). There are three regions (Eng-

land, Northern Ireland, and Republic of Ireland) for which the regional average value is 

statistically significantly lower than the overall mean, and three regions (Canada, South 

Korea, and Finland) for which the regional average value is statistically significantly 

higher than the overall mean.  

                                                   
10

  The level 2 residuals are estimated in the multi-level model using a shrinkage factor that re-

flects the quantity of information about each regional effect (number and variance of value ob-

servations for each region) as described in Rasbash et al. (2003). 
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Figure 3.1 Regional effects with 95% confidence intervals. 

3.3 Meta-analysis of hedonic pricing results 

In this section we present the results of a meta-regression analysis of hedonic pricing 

studies on the impact of open space on house prices. In section 3.1 we discuss the selec-

tion of a standardised metric with which to compare results from HP studies and describe 

the characteristics of the studies included in the analysis. Section 3.2 describes the ex-

planatory variables included in the meta-regression, while section 3.3 presents results 

from the meta-regression analysis. 

3.3.1 Effect size and study characteristics 

There are numerous studies that apply a hedonic pricing technique to analyse the effect of 

open space on house prices (e.g., Corell et al., 1978; Powe et al., 1995; Geoghegan et al., 

1997; Tyrvainen and Miettinen, 2000; Din et al., 2001; Lutzenhiser and Netusil, 2001; 

Geoghegan, 2002; Irwin, 2002; Irwin and Bockstael, 2004; Kong et al., 2007). We col-

lected and reviewed 52 hedonic pricing studies that address the valuation of open space. 

As is the case for most hedonic pricing research areas, the studies display wide variation 

in their characteristics, for instance, with respect to model specification, sample size, 

study area, and time period. Although most of these issues can be controlled for in a me-

ta-analysis, the differences in model specification, and more specifically the differences 

in the measurement and specification of open space as an explanatory variable, reduce the 

possibilities to transform the outcomes of studies to a common metric. A first problem is 

that studies use different open space measures to analyse the impact of open space on 

house prices, such as distance to open space, size of open space area, or percentage of 

open space within a certain area. Obviously, a coefficient on the size of open space can-
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not be transformed into the same metric as a coefficient on distance to open space, and 

vice versa. We therefore have to make a choice between the various open space measures. 

Taking into account the number of possible observations for each category, we decided to 

use the distance to open space as our effect measure. Specifically, we defined the metric 

of our dependent variable as the percent change in house price due to a 100 meter de-

crease in distance to open space. The process by which primary study results were stand-

ardised to the chosen definition of effect size is described below. 

The functional form of the hedonic pricing models applied in the underlying studies var-

ies from linear to semi-log and double-log specifications, and the outcomes of all studies 

need to be transformed to obtain the desired effect size.11 The relevant coefficient β from 

a semi-log model is equal to ln( ) / ,P D   which can be interpreted as a percentage change 

in the dependent variable (house price)  due to a one-unit change in the independent vari-

able (distance to open space). Unfortunately, this straightforward interpretation does not 

hold for dummy variables. In this case the transformation is given by            , 

where T represents the percentage change in house price due to a one-unit change in dis-

tance from open space (Halvorsen and Palmquist, 1980), which is what we require in or-

der to obtain our chosen effect size. Of course, when distance is not measured in hundreds 

of meters, which was the case for all semi-log studies, an adjustment was needed in order 

to obtain a percentage change per 100 meters. As we shall discuss more extensively later 

on, a potential problem with semi-log studies is that, by definition, the marginal effect of 

an increase in distance on house prices (in %) is constant at all distances. The only way to 

circumvent this problem is to estimate coefficients for different distance categories (see 

Bolitzer and Netusil, 2000). If this is not done, the problem arises that the distance at 

which the percentage change in house price is evaluated has become arbitrary, since the 

percentage change is constant. The point of evaluation is a potentially important source of 

effect size variation. We therefore include an effect size from a semi-log study for three 

different evaluation points, i.e., for 100 meters, 200 meters and 400 meters (see also Sec-

tion 3.2). Although these figures are rather arbitrary, they represent the range of distances 

to open space that is observed in other studies. 

The relevant coefficient β for a linear model is equal to /P D  , where P represents house 

price and D represents distance to open space in 100 meters. The transformation needed 

to obtain the percentage change in house price due to a one unit change in distance from 

                                                   
11

  A fourth and often used functional form is the Box-Cox specification. In our database this 

functional form is used by Lutzenhiser and Netusil(2001) and Kim and Johnson(2002). Calcu-

lating an effect size is cumbersome for this specification, but fortunately the desired transfor-

mations and effect sizes are readily provided in both articles. See Daniel et al. (2009) for a dis-

cussion of the transformations required to obtain implicit prices from different hedonic model 

specifications. 
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open space is given by          ̅ , where P  represents average house price. Again, 

when distance is not measured in hundreds of meters, an adjustment is needed. In prac-

tice, the problem with linear studies is similar to the one with semi-log studies, since the 

percentage change in house prices is identical at each distance when the overall average 

house price is used. One way to circumvent this problem is to again estimate coefficients 

for different distance categories (see, e.g., Bolitzer and Netusil, 2000). Another possibility 

is to have information on average house prices at different distances from open space. If 

this is not the case, however, we have the same problem as with semi-log studies. Our so-

lution to this problem is identical to the solution for semi-log studies, as described above. 

For double-log studies it holds that the relevant coefficient is equal to ln( ) / ln( ).P D   

The desired transformation reads as         - 1), where f represents the factor change 

in distance. We can draw as many effect sizes as we want, since the factor change may 

range from zero to infinity. For now, assume a doubling of distance. Although the per-

centage change for every doubling of distance is constant, the percentage change per 100 

meters increase in distance to open space declines by definition. In addition, it declines at 

a constant rate.12 Moreover, because of decreasing marginal effects associated with the 

double-log specification, the choice of f is also not without consequences. In fact, the 

lower f, the higher the percentage change per 100 meters at identical evaluation points.13 

In order to reduce the sensitivity of our results to the choice of f, we included effect sizes 

for f equal to 1.1, 1.5 and 2. 

Controlling for the precision of effect sizes is important in any meta-analysis. Unfortu-

nately, standard errors for the effect sizes are not readily available. Although calculating 

standard errors ourselves is possible in principle, too many studies provide too little in-

formation for this to be a viable option. Therefore, similar to the CV meta-analysis, we 

use the square root of the sample size to weight the data in the meta-regression. In this 

way studies that are more reliable, i.e., studies with larger sample size, get more weight in 

the analysis. Again, the main effect of applying weights is to improve the precision of es-

timated coefficients in the meta-regression. 

We collected more than 50 hedonic pricing studies on open space, of which only a small 

number was suitable for inclusion in our database. The main reason for excluding a study 

                                                   
12

  For example, assume β = 0.01 and 2f  , implying 0.696.T   A doubling of distance from 25 

to 50 meters implies a percentage decrease in house price per 100 meters of (100/25)*0.696 = 

2.784. A doubling of distance from 50 to 100 meters implies a percentage decrease in house 

price per 100 meters of (100/50)*0.696 = 1.392, i.e., exactly half the value. 
13

  Taking β 0.01  and 2f   as our point of reference, assume an alternative value for f of 1.5, 

implying 0.406.T   An increase in distance with factor 1.5 from 25 to 37.5 meters now im-

plies a percentage decrease in house price per 100 meters of (100/12.5)*0.406 = 3.248. This 

shows that the percentage change in house price depends on f, despite the fact that the evalua-

tion point of 25 meters remains constant. 
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is that it is not possible to derive the desired effect size. A smaller number of studies were 

excluded because crucial information on other characteristics was missing. For example, 

some studies did not provide information on the average house price in the sample.14 Ul-

timately, the database contains 12 studies that provide a total of 158 effect sizes. Similar 

to the CV data, the possibility of obtaining multiple value observations from a single 

study arises due to valuations of multiple study sites, applications of different estimation 

methods, or use different samples. In coding multiple value observations from single 

studies, care was again taken to only include separate observations if the differences be-

tween them could be described using the set of explanatory variables included in our da-

tabase.  It should be noted that for some studies the number of value observations was in-

creased for reasons set out above. In Table 3.4 we present some of the main characteris-

tics of the 12 studies included in the meta-analysis. Most studies are fairly recent, with 8 

out of 12 studies from 2000 or later. It is striking that 11 out of the 12 studies are from the 

United States, with 3 studies from Oregon and 3 from North Carolina. In addition, most 

studies test for the impact of urban parks on house prices. Other categories of open space 

include forests, greenbelts, natural areas, and agricultural land, but none of these catego-

ries are abundant in the database. Finally, there is large variation in the sample sizes used 

for estimation, implying substantial differences between studies in the precision of effect 

size estimation. 

 

                                                   
14

  In the case that relevant information was not included in the study, we sent an email to the au-

thors requesting the desired information. This exercise was successful for many studies, but for 

some studies the required information was no longer available or we did not receive a reply to 

our request. 
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Table 3.4 List of hedonic pricing studies included in the meta-analysis. 

Publication Study site Type of area Functional form Sample size No. of obs. 

Correll et al.  (1978) Colorado, USA Greenbelt Linear 85 4 

Vaughan (1981) Illinois, USA Urban park Semi-log 100 48 

Palmquist (1992) Washington, USA Urban park Semi-log 4785 3 

Bolitzer and Netusil (2000) Oregon, USA Urban park Linear, Semi-log 16402 10 

Lutzenhiser and Netusil (2001) Oregon, USA Urban park, Natural area park Box-Cox 16747 12 

Kim and Johnson (2002) Oregon, USA Forest Linear, Box-Cox 752 11 

Smith et al. (2002) North Carolina, USA Forest; Agricultural land; Public open space Semi-log 9409; 6325; 2866; 1037 21 

Tajima (2003) Massachusetts, USA Urban park Double-log 16044 24 

Bengochea-Morancho (2003) Castellon, Spain Urban park Linear 593 3 

Mansfield et al. (2005) North Carolina, USA Forest Linear 11206 7 

Palmquist and Fulcher (2006) North Carolina, USA Urban park Semi-log 96585 3 

Anderson and West (2006) Minnesota, USA Urban park Double-log 24862 12 
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3.3.2 Explanatory variables 

The dependent variable in our regression equation is a vector of effect sizes from primary 

studies, i.e., a vector of percentage changes in house prices due to a 100 meter decrease in 

distance to open space. The unweighted average effect is 1.37%, i.e., house prices in-

crease when located closer to open space. As such, open space appears to provide positive 

externalities. In our meta-analysis model we include several variables that might explain 

the variation in effect sizes; these are discussed below. 

The type of open space most often valued in the HP literature is the urban park. Although 

other types of open space have been valued, such as greenbelts and agricultural land, 

there are not sufficient observations to warrant a separate open space category. In our 

model we therefore distinguish between urban parks and other types of open space. 

The distance at which the effect size is evaluated has already been extensively addressed. 

Several studies show that the marginal effect of distance to open space on house prices 

decreases with distance, i.e., the impact of distance on house prices is lower when houses 

are located further away from open space. In order to control for this potential source of 

effect size variation, we include the distance at which the effect size is evaluated in our 

model (evaluation point). A potential problem is the fact that the functional form and 

model specification used in a primary study largely determine the shape of the relation-

ship (see also previous section). We therefore have to interpret the coefficient on the 

evaluation point with caution. In general, however, we expect a negative coefficient, 

which would imply that a decrease in distance to open space has a smaller effect at, for 

example, 500 meters than at 300 meters. Ultimately, we use the centred natural logarithm 

of the evaluation point, i.e., we take natural logarithms and for each observation subtract 

the mean of the sample. This implies that the constant in our meta-regression model rep-

resents the effect size for the average evaluation point in the sample (180 metres). 

In addition to the distance at which the effect size is evaluated, we also include the dis-

tance over which the effect size was measured (scale of change). Assuming identical 

evaluation points and decreasing marginal returns to distance from open space, an effect 

size that was measured over a 200 meter decrease in distance should be smaller than one 

that was measured over a 100 meter decrease in distance. In other words, effects per 100 

meters are smaller for effect sizes measured over longer distances. Therefore, if decreas-

ing marginal returns indeed hold in reality, we expect the coefficient on the distance vari-

able to be negative. As with the evaluation point, we include the centred natural logarithm 

in our model. This implies that the constant in our meta-regression model represents the 

effect size for the average scale of change in the sample (200 metres). 
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Income differentials might further be important in explaining effect size variation. Since 

for most studies income per capita was not available, we use the average house price in 

the primary study sample as a proxy for income.15 Average house prices are converted to 

2003 US dollars using GDP deflators and PPP adjusted exchange rates from the World 

Bank World Development Indicators where necessary. We again use the centred natural 

logarithm of average house price. This implies that the constant in our meta-regression 

model represents the effect size for the mean of average house prices in the sample 

(106,000 US dollars in 2003 prices). Note that in constructing the dependent variable we 

already include an effect related to income, i.e., a 1% increase in house price is a larger 

amount of money in absolute terms for a more expensive house than for a less expensive 

house. However, we may still be able to discern an income effect (in terms of percent-

ages) if there is sufficient variation in income levels between studies and regions. 

In order to control for the degree of urbanisation, which in turn can be regarded as a 

measure of scarcity of open space, we include the population density (number of people 

per square kilometre) of the region under investigation. Population densities were ob-

tained from the US Census Bureau. These densities generally hold for the year 2000 or 

2005, so we corrected the density values using population development data. For exam-

ple, Bolitzer and Netusil (2000) use 1991 house price data for Portland, Oregon. Popula-

tion density for Portland is known for 2005, and so are the population levels for 1990 and 

2005. We assume that absolute population growth from 1990 to 2005 was constant. Un-

der this assumption we calculate population density for Portland in 1991 as popdens1991 = 

popdens2005 * (pop1991 / pop2005). Corrections for other studies were done in similar vein 

and under similar assumptions.16 We use the centred natural logarithm of population den-

sity, implying that the constant in our meta-regression model represents the effect size for 

the log average population density in the sample (1,720 per km2). Since population densi-

ty may be regarded as a measure of scarcity of open space and a measure of crowdedness 

of an area, we expect a positive sign (i.e., open space has a higher value in crowded areas 

and when supply of open space is relatively low). 

The models used in the primary studies have different functional forms, i.e., linear, semi-

log, double-log and Box-Cox model specifications are all present. It is not the case, how-

ever, that all linear or all semi-log studies have an identical model specification. There 

                                                   
15

  Average house price is likely a more exact measure that is highly correlated with income than 

the GDP figures at the state level used for the CV analysis. 
16

  Some studies use county level data, for which population densities in 2000 are available. Popu-

lation development information at this level is generally not available, but state level infor-

mation is. In this case we assume that population development in the relevant county was iden-

tical to population development at the state level. Detailed population density corrections for 

each study in the meta-analysis can be obtained from the authors. 
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are, for instance, linear studies that estimate only one parameter, and linear studies that 

estimate parameters on dummy variables for different distances. Where the former im-

plies a constant effect of open space at every distance, the latter allows for a non-linear 

impact of open space at different distances.17 In estimating the model we first controlled 

for every different functional form. The results showed that the distinction between linear 

and non-linear studies is indeed the most relevant distinction. In the final model specifica-

tion presented below we therefore include a dummy variable that is equal to one for linear 

studies, i.e., non-linear studies are the reference category.18  

As already mentioned, hedonic pricing studies on the valuation of open space vary widely 

with respect to model specification and data characteristics. As long as the differences in 

primary study model specification are systematic, the former does not have to be a prob-

lem. Unfortunately, this is not the case, implying that model specification is a source of 

heterogeneity we cannot control for. Although the primary studies all use house prices as 

their dependent variable and open space as one of the explanatory variables, important 

characteristics of open space are generally not reported. For example, looking at the CV 

meta-regression results, an important characteristic is size of the open space area. In the 

HP meta-analysis we cannot control for size. Although not controlling for these issues 

may reduce the overall explanatory power of our meta-analysis model, our meta-

coefficients are still unbiased as long as the omitted variables are not correlated with the 

included variables. 

3.3.3 Model specification and results 

Similar to the CV meta-regression, we use a multi-level model with the region from 

which each value estimate is observed specified as the second level. The estimated meta-

regression model is: 

                         

                                                   
17

  This is not to say that, in calculating effect sizes from linear studies, a non-linear effect cannot 

be obtained. For example, a constant decrease in prices in absolute terms implies a non-

constant percentage change at different house prices. 
18

  Initially we also included a time trend in the model. For each observation we determined the 

time period of the data used and take the middle year to represent that period. We transformed 

this variable such that 1971 (the oldest middle year in the meta-analysis sample) equals one, 

1972 equals 2, etc., and included the resulting variable as a time trend in our model. The coef-

ficient on the time trend was small and statistically insignificant, and had a very small influ-

ence on other model coefficients. We therefore decided to exclude this variable from our final 

model. 
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where y is a vector of effect sizes, α is a constant, and β is a vector of parameters on ex-

planatory variables X. The subscript i indexes the effect sizes and subscript j indexes the  

regions in the sample (US states in all cases but one, see Table 3.4). The error term con-

sists of two parts, i.e.,    is an error term at the second (regional) level, and     is an error 

term at the first (effect size) level. As mentioned before, we weight the data with the 

square root of sample size in order to control for differences in effect size precision be-

tween studies. The results of the meta-regression are presented in Table 3.5. 

 

Table 3.5 Hedonic pricing meta-regression results. 

Variable category Variable Coefficient Standard error 

 Constant 1.91
**

 0.74 

Land use Urban Park (dummy) 0.04 0.09 

Distance Evaluation point (ln) –0.38
*
 0.20 

 Scale of change (ln) –1.34
**

 0.58 

Socio-economic Average house price (ln) 0.58 0.59 

 Population density (ln) 0.67
**

 0.30 

Functional form Linear (dummy) 1.80
**

 0.39 

    

Level 1 (estimate) variance 3.13
*
 1.64 

Level 2 (regional) variance  1.04
**

 0.35 

N  158  

–2*loglikelihood  624  

Pseudo R
2
  0.13  

Dependent variable: % change in house prices due to a 100m decrease in distance to open space 

 **
, 

*
 = significant at 5% and 10%, respectively. 

The constant is positive and statistically significant at 5%. It reveals that for non-linear 

studies, at an average distance from open space, at an average distance over which the ef-

fect size was measured, at an average house price, and for an average population density 

(see Section 3.2), house prices increase by approximately 1.9% when they are located 100 

metres closer to open space. The impact of urban parks on house prices appears to be no 

different than the impact of other types of open space. The coefficient on the evaluation 

point is negative and indicates that when a house is located at 280 metres from open space 

rather than 180 metres (the average evaluation distance in the sample), the increase in 

house price due to 100 metre decrease in distance is reduced by 0.38 percentage points to 

1.52%. In other words, the further a house is from an open space, the smaller the price ef-
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fect of moving 100m closer to the open space. An even stronger result is obtained for the 

scale of change over which the effect size was measured. The coefficient is also negative 

but is larger and statistically significant at 5%. This result reveals that there are decreas-

ing marginal returns to decreasing distance to open space. 

With respect to the socio-economic variables, the sign of the coefficient on average house 

price, included as a measure of income, shows that a higher income increases the impact 

of distance from open space on house prices. The coefficient, however, is not statistically 

significant. Population density also appears to increase the impact of distance from open 

space. Population density possibly represents several things. Most importantly it may be 

regarded as a measure of scarcity of open space and a measure of crowdedness of an area. 

In that light, the result makes sense, in that the value of open space increases with crowd-

edness and scarcity of open space. These impacts appear to outweigh any possible effect 

of population density on the size of open space. The results furthermore reveal a rather 

substantial impact of functional form on the outcome of a study. Estimates obtained from 

linear models are considerably higher than those obtained from non-linear models, i.e., 

linear studies produce a substantially larger impact of open space on house prices than 

non-linear studies. Since there is no clear theory that tells us which functional form is op-

timal for this type of hedonic pricing analysis, our results only reveal the consequences of 

differences in functional form, and not which one is preferable.  

Finally, similar to the CV analysis we find that there are unspecified regional differences 

in value estimates of open space, as indicated by the level 2 variance. This suggests that 

there are important regional differences in preferences for open space. Figure 3.2 presents 

the regional effects and 95% confidence intervals. Two regions (Minnesota and Oregon) 

have average values that are statistically significantly below the overall average, whereas 

Massachusetts has an average value of open space that is significantly higher than the 

overall average. Using a similar model specification we examined study effects in place 

of regional effects. In this case we do find a significant study effect but since there is a 

large correspondence in the clustering of valuation observations by region and by study it 

is not possible to identify the underlying causes of the observed dependence. 
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Figure 3.2 Regional effects with 95% confidence intervals. 

 

3.4 Comparison of CV and HP results 

In this section we draw comparisons between the results of the two meta-analyses pre-

sented in the preceding sections. CV and HP studies can be expected to produce differing 

valuations of open space due to the use of different units of analysis (HP studies generally 

measure one-time percentage changes in property values while CV studies measure annu-

al WTP values); estimation of non-identical welfare measures; and  the estimation of dif-

ferent components of total economic value. The latter two differences between CV and 

HP are discussed in detail below. 

By directly asking respondents to state their WTP or WTA for (hypothetical) changes in 

environmental quality or quantity, CV provides estimates of the technically precise wel-

fare measures of compensating and equivalent surplus. HP estimates Marshallian con-

sumer surplus, which approximates, and is bounded by, the compensating variation and 

equivalent variation welfare measures. For relatively small price changes, the error of ap-

proximation between consumer surplus, compensating variation, and equivalent variation 

is small (Willig, 1976). For large price changes, however, (e.g., when considering a price 

change large enough to drive the quantity demanded to zero) the error can be substantial 

(Freeman, 2003). In response to this potential error there are now several hedonic pricing 

studies that attempt to estimate Hicksian measures of consumer surplus (see, for example, 

Driscoll et al., 1994).  
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A number of studies have attempted to make direct comparisons between the results of 

CV and HP methods. Brookshire et al. (1982) set out a theoretical justification for differ-

ences in HP and CV results and then compare values for clean air in Los Angeles estimat-

ed using each method. Their results show HP to produce significantly higher values than 

CV. Blomquist (1988) performs a similar analysis for lake view amenities in Chicago, 

and finds similar results. Shabman and Stephenson (1996) compare the results of a CV 

study (Thunberg and Shabman, 1991) and a HP study (Driscoll et al., 1994) for flood pro-

tection in Roanoke, Virginia and also find substantially higher values from the HP meth-

od. In general, however, there is evidence to suggest that the two methods produce broad-

ly similar value estimates (Bateman et al., 2004). Ready et al. (1997) use CV and HP to 

estimate the amenity value of horse farm land in Kentucky, and find that estimates of ex-

ternal benefits are within 20 percent of each other. Carson et al. (1996) review 83 valua-

tion studies for quasi-public goods from which 616 comparisons of CV and revealed 

preference (RP) estimates are made. The sample mean CV/RP ratio is 0.89 with a 95% 

confidence interval of 0.81-0.96 and a median of 0.75. While the results from this study 

show that RP methods produce higher value estimates than CV, it also shows that esti-

mates from these two methods are within the same range. A number of meta-analyses of 

the environmental valuation literature have also examined the influence of valuation 

methods on estimated values. For example, in a meta-analysis of the wetland valuation 

literature Woodward and Wui (2001) find that HP studies produce statistically signifi-

cantly higher values than CV studies, whereas Ghermandi et al. (2008) find no significant 

difference in values from these two methods. 

In addition to differences in the welfare measure estimated, HP and CV methods may dif-

fer in terms of the component(s) of total economic value that they estimate (Johnston et 

al., 2001). The HP method is generally applied to capture the value of services that are in 

some way dependent on housing location relative to the location of the resource under 

consideration. CV, on the other hand, can be applied to estimate use and non-use values 

for environmental services that are not sensitive to the respective locations of recipient 

and resource. As such, the hedonic pricing method can only be used to estimate the value 

of a restricted set of environmental services. Differences in value estimates for open space 

from these two methods are therefore to be expected given that the services derived from 

open space include amenities that are spatially and non-spatially dependent (Ready et al., 

1997). Johnston et al. (2001) value the amenity benefits of coastal farmland in Suffolk 

County, New York, using both CV and HP. The CV results show farmland to produce 

positive externalities whereas the HP results reveal that proximity to farmland has a nega-

tive influence on house prices. These contrasting results are explained as reflecting the 
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different types of externalities being valued by each method (i.e., non-spatially dependent 

use values and non-use values vs. spatially dependent use values). 

Although the results from the two meta-analyses presented in this chapter do not allow a 

comparison between CV and HP methods in terms of the magnitude of the values they 

generate due to differently defined dependent variables, it is interesting to compare the 

meta-regression models for consistency in the sign and significance of the explanatory 

variables that they have in common. 

In both models the population density variable is positive and significant, indicating that 

the value of open space increases with population density. Somewhat surprisingly both 

models show no significant relationship between income and the value of open space. The 

income variables included in the two models are only approximately comparable (we use 

state or national level GDP per capita in the CV meta-regression and average house prices 

in the HP meta-regression) but in both cases the estimated coefficients reveal an insignifi-

cant positive effect. Although we might expect open space to be a normal good, the re-

sults do at least support each other in showing no significant effect of income on open 

space value.  

Regarding differences in values for different types of open space, both models indicate 

that urban parks have higher values than other types of open space, although the relation-

ship is not significant in the HP meta-regression. We also observe that methodological 

differences in the underlying studies in both meta-analyses are broadly significant – indi-

cating that study design is an important determinant of estimated value for both CV and 

HP. For CV studies, we find that the tax and donation payment vehicles, and the dichot-

omous choice and payment card elicitation formats, produce significantly lower value es-

timates. For HP studies, we find that models with a linear functional form produce signif-

icantly higher value estimates.  

The inclusion of regional level variance in the multi-level model specification is signifi-

cant for both the CV and HP data, showing that there are important regional differences in 

preferences for open space and that both CV and HP studies pick these up. It is interesting 

to note that the three regions that are represented in both the CV and HP data (namely 

North Carolina, Colorado and Illinois) follow the same ordering of residuals in the two 

meta-regression models (see Figure 3.1 and Figure 3.2). Controlling for other determi-

nants of the value of open space, CV and HP studies are consistent in estimating higher 

values of open space in Illinois than in Colorado and North Carolina.   
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3.5 Conclusions 

This chapter provides an overview of the results of contingent valuation and hedonic pric-

ing studies on the value of urban and peri-urban open space and has attempted to identify 

the important physical, socio-economic, and study characteristics that determine the value 

of open space. CV studies have tended to value open space in terms of units of area, 

whereas HP has largely been used to value open space in terms of the influence of dis-

tance to open space on property prices. We therefore conducted separate meta-analyses 

on the valuation results of each method. The dependent variable in the CV meta-

regression is defined as the value of open space per hectare per year in 2003 US$. The 

average value is US$ 13,210 per hectare per annum and the median is US$ 1,124. The 

dependent variable in the HP analysis is defined as the change in house price for a 100m 

decrease in distance to open space in 2003 US$. The average house price increase due to 

a decrease in distance from open space by 100 metres is 1.37%.  

The results of the meta-analyses can be used to address the hypotheses set out in the in-

troduction. The first hypothesis that was put forward was that open space is a normal 

good. The income variables in the two meta-regressions are both positive but insignifi-

cant, suggesting that the value of open space is unrelated to income levels. This result is 

in accordance with the findings of Deacon and Shapiro (1975), Kline and Wichelns 

(1994), and Romero and Liserio (2002), who also find no significant income effect for the 

value of open space. Although we would expect open space to be a normal good for 

which demand increases with income, it might be the case that people prefer to consume 

private open space (e.g., private gardens) rather than public open space as they become 

well off.  

The second hypothesis is that the value of open space increases with population density. 

The population density variables in both models are positive and significant. This variable 

may represent demand for open space as well as the scarcity of open space. In both cases 

we would expect a positive relationship with open space value, and this is confirmed by 

our results. This finding suggests that remaining open spaces in densely populated urban 

areas are highly valued and therefore may warrant preservation.  

The third and final hypothesis is that agricultural land is more valuable than other types of 

open space. Although we are unable to directly address the relative value of agricultural 

land in the HP analysis, both the CV and HP meta-regressions indicate that urban parks 

have higher values than other types of open space, although the relationship is not signifi-

cant in the HP model. This is perhaps in contrast to the results of some previous studies 

(e.g., Kline and Wichelns, 1998; Kotchen and Powers, 2006) but does not seem wholly 
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surprising given that urban parks are generally more accessible and intensively used than 

other types of open space.  

An important finding from the meta-analyses is that the methodological design of the un-

derlying valuation study has a large influence on the results of both CV and HP. In the 

case of CV, we find that values elicited using taxes or donations as the payment vehicle 

tend to be significantly lower. Similarly, the use of dichotomous choice or payment card 

elicitation formats produce significantly lower values than when an open-ended format is 

used. In the case of HP, the choice of functional form for the hedonic price function great-

ly affects the values estimated, with linear specifications producing significantly higher 

values. These results highlight the influence of study design on estimated values and the 

need to recognise and account for this when using valuation results. 

Finally, we estimate a multi-level meta-regression which allows us to control for depend-

encies in the meta-analysis data. Although there are many possible sources of depend-

ence, in this study we account for dependence within regions.19 This choice seems plausi-

ble since preferences for open space are likely differ across regions, for example because 

of differences in total supply and quality of open space, the historical role of different 

land uses across regions, and differences in attitudes, perceptions and cultural context. 

Since we cannot explicitly control for these factors in our meta-analysis, they are ac-

counted for by a regional variance component. The results show that there are indeed im-

portant regional differences in preferences for open space, which may constrain the po-

tential for transferring estimated values between regions. 

The meta-analyses presented in this chapter examine the value of open space rather than 

landscape fragmentation per se. They provide insights into how the characteristics and 

context of open spaces, and the design of stated and revealed preference studies, influence 

the measured value of open space. These insights are useful to the design of the CE and 

HP studies described in following chapters. Moreover, the meta-analytic value function 

estimated in the meta-analysis of contingent valuation results is used in the next chapter 

to transfer values for agricultural grassland, which is used as the starting point for setting 

levels for the monetary attribute in the choice model. 

  

                                                   
19

  Alternative sources of dependence are study or authorship effects. We also test for these and 

find significant study effects in the HP data but not the CV data. Since there is a high corre-

spondence between studies and regions it is not possible to identify the underlying causes of 

the observed dependence in the HP data.   
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4. Valuing landscape fragmentation: a choice experiment 

The fragmentation of landscapes by transport infrastructure has negative impacts on hu-

man welfare including values derived from recreational amenity and visual appreciation 

of the landscape. The aim of this chapter is to estimate the value of landscape fragmenta-

tion and other landscape characteristics, including accessibility to nature areas, and size 

of wetland and water areas, using a choice experiment. We represent the choices as maps 

in order to facilitate evaluability or respondent cognition of attributes and levels. Land-

scape fragmentation is captured using two attributes: 1. the number of patches of a given 

land use class separated by transport infrastructure; 2. the height of transport infrastruc-

ture as raised on dikes or at ground level. We find evidence of low willingness to pay to 

avoid fragmentation of nature areas but strong preferences for ground level transport in-

frastructure. We also find evidence of heterogeneous preferences for access to nature ar-

eas and examine whether this can be explained by the distinction between users and non-

users. 

4.1 Introduction 

There is a growing number of economic valuation studies that estimate values for land-

scape characteristics – see Chapter 3 for an overview of contingent valuation and hedonic 

pricing studies with a focus on valuing public open space. Within this literature there is an 

increasing number of studies that apply choice experiments to elicit preferences and val-

ues for various landscape characteristics (see for example Adamowicz et al., 1994, 1998; 

Hanley et al., 1996; Kline and Wichelns 1998; Johnston et al., 2001; Mallawaarachi et al., 

2006; Earnhart, 2006; Bateman et al., 2009; Campbell et al., 2009). Choice models or dis-

crete choice experiments use a hypothetical choice construction in which survey respond-

ents are asked to choose between multi-attribute profiles that describe various changes in 

non-market benefits at a given cost (Hensher et al., 2005). The part-worth utilities for 

each attribute can be estimated by fitting a logit regression model to the observed data on 

the stated choices. Taking the ratio of the part-worth utility of any selected attribute and 

the part-worth utility of a monetary attribute gives an estimate of the willingness to pay 

for that attribute. As such, the choice modelling approach provides a potentially useful 

tool for estimating the value of landscape characteristics. There are, however, currently 

very few valuation studies that explicitly aim to estimate values associated with landscape 

fragmentation or defragmentation using choice experiments. One notable exception is 

Johnston et al. (2002), which is described in Chapter 2. 
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The representation of attributes and levels that describe alternative options in choice ex-

periments from which respondents are asked to select their preferred option is important 

to the „evaluability‟ of the information and trade-offs presented (Bateman et al., 2009). 

Evaluability describes the ease with which survey respondents can comprehend and eval-

uate attributes both independently and jointly (Hsee, 1996). The representation of attrib-

utes and levels in choice experiments are generally presented in a tabular form with nu-

merical information often combined with simple pictograms to represent each attribute 

level. Alternative options are presented in the columns of the table and the attributes that 

define them are presented in the rows. The capacity of respondents to comprehend and 

evaluate information presented in this way may be limited, resulting in judgement errors, 

uncertain responses and the use of heuristics. A number of studies, particularly those val-

uing landscape characteristics, have attempted to provide more easily evaluable descrip-

tions of alternative options by representing them using (manipulated) photographs (e.g., 

Campbell et al., 2009), maps (e.g., Horne et al., 2005; Johnston et al., 2001) or virtual re-

ality technology (e.g., Jude et al., 2006; Bateman et al., 2009). We represent choice sets 

as maps in this study. 

There is wide recognition in the literature on choice modelling of values for environmen-

tal services that preferences are not homogeneous across the population (Hynes et al., 

2008). A number of approaches have been developed to address unobserved preference 

heterogeneity, including the random parameter (mixed) logit model, latent class logit 

model (Scarpa and Thiene, 2005), and mass point mixed logit model. We anticipate that 

preferences for landscape fragmentation are heterogeneous and examine this using alter-

native model specifications. 

The aim of this study is to estimate values for landscape fragmentation of different land 

use classes due to transport infrastructure. In a case study in the south-west Netherlands 

we examine preferences for various landscape characteristics including: the area of wet-

lands, water and agricultural land use; the number of patches of each of these land uses; 

the height of transport infrastructure; and public access to nature areas. 

The structure of the chapter is as follows. Section 4.2 provides a brief introduction to the 

choice modelling valuation approach. Section 4.3 describes the study site and context. 

Section 4.4 provides details of the landscape characteristics to be valued, the associated 

attributes and levels used in the choice experiment, and the choice set representation. Sec-

tion 4.5 describes the pre-tests and survey implementation. Section 4.6 presents the re-

sults of the choice model analysis and an exploration of the preferences underlying these 

results. Finally section 4.7 provides a discussion and conclusions. 
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4.2 Choice model valuation method 

Choice modelling or „choice experiment‟ is a stated preference methodology that has in-

creasingly been employed to analyse public preferences towards environmental goods and 

to estimate their economic value.20 Choice modelling is similar to the contingent valua-

tion method in using a hypothetical choice construction (i.e., survey respondents are 

asked to make choices based on a hypothetical scenario). A choice model requires re-

spondents to choose between multi-attribute profiles that describe difference in non-

market benefits at a given cost (e.g., a difference in taxes). As such, the choice modelling 

approach is useful as a tool for exploring proposed or hypothetical policy options 

(Hensher et al., 2005). 

Choice tasks involve the simultaneous evaluation of multiple attributes of an environmen-

tal good or service, and therefore provide an efficient means of obtaining information on 

the valuation of several characteristics of the service. In choice modelling, monetary val-

ues are not elicited directly but are inferred by the trade-offs respondents make between 

monetary and non-monetary attributes. This potentially helps to avoid strategic response 

bias in WTP estimates or protest behaviour. A further advantage of choice experiments is 

that research is not limited by pre-existing environmental conditions, since the levels pre-

sented to respondents can be set to any reasonable range of values.  

In a typical choice experiment study, respondents are presented with a series of choice 

sets composed of two or more multi-attribute alternatives. For each choice set, a respond-

ent evaluates the alternatives and chooses a preferred option. The alternative options in 

each choice set are described by a common set of attributes, which represent the im-

portant aspects of the alternatives. In economic valuation studies, one of the attributes is a 

monetary indicator (e.g., tax, entrance fee, compensation payment), which makes it pos-

sible to calculate willingness to pay for different levels of the other attributes. Each at-

tribute is defined by at least two distinct levels, which are varied systematically between 

the alternatives and choice sets according to an underlying statistical design. In the analy-

sis of choice experiment responses, the objective is to derive a utility function that ex-

plains the value of the different attributes in the choice experiment. The utility function 

can be used to calculate the welfare changes resulting from different policy scenarios that 

are described in terms of the attributes used in the choice experiment. The theoretical ba-

sis for stated choice research lies in random utility theory (McFadden, 1974) in which a 

person‟s utility from a particular good or service is described by the following utility  

function (also referred to as a conditional indirect utility function): 

                                                   
20

  Choice modelling can also be applied to data on actual behavioural choices, in which case it 

can be described as a revealed preference valuation method. 
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The utility gained by person n from alternative i comprises an objective or deterministic 

and observable component (V) and a random, unobservable component ( ) (Adamowicz 

et al., 1994, 1998).  

The observable component of utility (V) can, for a linear utility function, be expanded as 

follows: 

 

                             ,     

 

where ASCi is an alternative-specific constant which represents the „mean effect of the 

unobserved factors in the error terms for each alternative‟ (Blamey et al., 1999, p. 341). 

The    values are associated with each attribute level used in the choice experiment, 

while the    coefficients capture the corresponding part-worth utility associated with each 

attribute level for all k attributes. The part-worth utilities are the proportion of total utility 

derived from an alternative that can be attributed to each attribute. An individual will 

choose alternative i over alternative j if and only if the total utility associated with alterna-

tive i is greater than alternative j          . The probability that person n will choose al-

ternative i over alternative j is given by the equation: 

 

Prob  |                   (      )           , 

 

where C is the complete set of all possible options from which the individual can choose. 

The unobservable component  , often referred to as a random error component, is com-

monly assumed to be Type I or Gumbel independently and identically distributed 

(McFadden, 1974). If the   term is assumed to be Gumbel-distributed, the probability of 

choosing alternative i can be calculated by the equation (McFadden, 1974): 

 

       
     

∑      
 
   

                   ,      

 

which represents the standard form of the multinomial logit model (MNL). Although the 

MNL is the most common form applied to the analysis of discrete choice data due to its 

robustness and simplicity associated with calculating the choice probabilities (Louviere et 
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al., 2000), other models are also regularly used in stated choice research. An important 

characteristic of the MNL model is that choices are assumed to be independent of irrele-

vant alternatives (IIA), meaning that „the ratio of choice probability for any two alterna-

tives is unaffected by the addition or deletion of alternatives‟ (Carson et al., 1994, p. 354).  

Mixed logit (ML) models offer the possibility of relaxing the questionable IIA assump-

tion and also allow for variation in estimated attribute coefficients across the sample pop-

ulation (Henscher et al., 2005). Whereas MNL estimates fixed parameter values for the 

entire sample population, ML allows for individuals to have different parameter values by 

specifying parameters as random (with an estimable mean and standard deviation). The 

representation of preference heterogeneity through random parameters is more general 

than through sample segmentation (e.g., specifying interaction terms between sample 

population characteristics and attributes). Based on the known choices by individuals 

within the sample it is possible to derive „individual-specific preferences‟, or rather „same 

choice specific‟ preferences for the sub-sample of individuals who made the same choice 

when faced with the same choice set. The specification of ML models requires the selec-

tion of random parameters, the distribution of random parameters, and the type and num-

ber of draws used in the simulations. The commonly used approach in mixed logit estima-

tion is to assume that the random coefficient follows a continuous uni-modal distribution. 

This assumption can be relaxed by assuming a discrete distribution with finite support 

and by estimating this distribution non-parametrically. The group of models that use this 

approach are termed finite or discrete mixture models; mass-point mixed models and la-

tent class models fall within this group (Dong and Koppelman, 2003). In the mass-point 

mixed logit model the distribution of a parameter is represented by a finite number of 

mass points and implies that differences in preferences across individuals are associated 

with membership of distinct groups (Kamakura and Russell, 1989). Andrews et al. (2002) 

compare the relative performance of logit choice models with discrete versus continuous 

representations of preference heterogeneity using a simulation experiment. They find that 

models with continuous and discrete distributions recover household-level parameter es-

timates equally well but that continuous distribution models perform poorly when the 

number of choices per respondent is low. We use ML models with both continuous and 

discrete distributions to examine preference heterogeneity in our sample data (see section 

4.6). 

Part-worth utilities for each attribute (   coefficients) are derived by fitting the choice 

model to the observed data on the stated choices (aggregated over all respondents) and the 

experimental design used to define the attribute levels for each alternative and each 

choice set. To calculate efficient part worth utilities, choice experiments are normally de-
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signed to ensure orthogonality21 of attribute levels both within and between alternatives. 

A full factorial design in which all main effects and interactions are orthogonal represents 

one extreme. Choice experiments using a full factorial design would, however, generally 

require individuals to evaluate an unrealistic number of choice sets (i.e., representing eve-

ry possible combination of attribute levels), even in cases where the total number of at-

tributes is small. Therefore, analysts usually make trade-offs between the ability of a ex-

perimental design to estimate all possible interactions and the necessity to limit evaluation 

to a reasonable number of choice sets by employing a fractional factorial design plan. 

Fractional factorial designs use only a selection of the total number of combinations of at-

tribute levels and permit the orthogonal estimation of all main effects and at least some 

interactions between the attributes. 

4.3 Study site and context 

The selected study site is the Zuidplaspolder (ZPP) at the southern edge of the so-called 

Groene Hart (Green Heart) in the south-west of the Netherlands. The ZPP is an area of 

approximately 10,000 hectares enclosed by embankments. It contains the lowest point in 

Western Europe, which is 6.75m below mean sea level at the Dutch coast. This study site 

was selected for several reasons. Firstly, it contains a mix of different land uses that are of 

interest to this study, i.e., urban, agriculture, nature, highway, railway, and main road; 

secondly, the area contains spatially varying degrees of fragmentation due to transport in-

frastructure (see Figure 4.1); and thirdly, it is of high policy interest in the context of cur-

rent development plans. In 2006 the national government adopted the national spatial 

strategy (Nota Ruimte, 2006) in which specific areas in the western part of the Nether-

lands were designated for further economic development. The Zuidplaspolder was select-

ed for urban development, and the plans for the period 2010-2020 include the construc-

tion of 15,000-30,000 houses, the creation of 125 hectares of commercial area, 280 hec-

tares for greenhouse horticulture area, 500 hectares for ecological development, space for 

water storage, and improvement of infrastructure. 

 

                                                   
21

  In an orthogonal design, the levels of each attribute are uncorrelated with the levels of all other 

attributes, thus ensuring that the part worth utilities measure only the intended attribute and are 

not confounded with other attributes. 
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Figure 4.1 Map of study site. In the right-hand panel, the black line indicates the bound-

ary of the Zuidplaspolder; the red rectangle indicates the area described in 

the choice experiment. 

 

4.4 Choice experiment design 

4.4.1 Landscape characteristics, attributes and levels  

In order to present a realistic valuation scenario to the choice experiment respondents, we 

chose to describe the development of a specific part of the Zuidplaspolder, namely a 

2 4km patch in the south-west of the polder (indicated by a red rectangle in Figure 4.1). 

This obviously limits the scale of some of the landscape characteristics and attributes that 

we include in the choice experiment but allows us to present credible alternative land-

scape designs for this specific area. The description of alternative landscape designs for 

the entire Zuidplaspolder was deemed to be overly complex and might appear unrealistic 

to respondents. The polder as a whole contains a spatially complex mix of agricultural, 

urban, commercial, transport, and semi-natural land uses. A coherent and credible de-

scription of changes to all of these land uses becomes difficult to communicate within a 

web-based choice experiment and is likely to exceed the cognitive capacity of some re-

spondents. The selected patch that is described in the choice experiment currently com-

prises mainly of agricultural grassland used for grazing cows and sheep. It is transected 
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by a highway and railway lines. The characteristics of this landscape that we include as 

attributes in the choice experiment are the area of three land use types (water, wetland, 

and agricultural grassland); the degree to which each of these land use types are frag-

mented by transport infrastructure; the height of transport infrastructure as either at 

ground level or raised on embankments; and the accessibility of nature areas (water and 

wetland). Initially we also considered including two other landscape characteristics, 

namely trees alongside roads and natural grassland but these were dropped following pre-

testing of the survey questionnaire because the evaluation of choice sets was found to be 

too complex for the respondents (see Annex 4.1). 

The list of nine attributes and their levels that are used in the choice model are presented 

in Table 4.1. Seven of the attributes are „design attributes‟ that are included in the statisti-

cal design for the choice model. The remaining two attributes, area of agricultural grass-

land and fragmentation of agricultural grassland, are residual attributes in that they are de-

fined by the values of other attributes (by the area and fragmentation of water and wet-

land). The attributes water and wetland area each take three levels (1, 2, and 3 km2). Giv-

en that the total land area under consideration is 8 km2, there are five levels for the resid-

ual land use (2, 3, 4, 5, 6 km2 agricultural grassland). The definition of attribute levels and 

the representation of them on a single map are inherently linked (choice set representation 

is discussed in section 4.4.3). Understanding how attribute levels are defined may be aid-

ed by examining how they are represented (see Figure 4.2). The reason for defining agri-

cultural grassland as the residual land use type is that it is currently the predominant land 

use in the ZPP and therefore may make more intuitive sense to respondents as the „de-

fault‟ land use type. 

Fragmentation is represented by the number of patches in which a land use type is divided 

by transport infrastructure (both road and railway). Fragmentation resulting from configu-

ration of land use types (i.e., multiple patches of the same land use type separated by land 

uses other than transport infrastructure) is not included in the design.22 Each land use type 

is represented by a single patch or contiguous patches separated only by roads or railway 

lines. In order to maintain a realistic valuation scenario, the location and extent of the 

transport network is fixed at the current situation (i.e., we do not describe the construction 

of new infrastructure). Therefore the degree of fragmentation of the landscape as a whole 

remains constant but the degree of fragmentation of each land use type can vary depend-

ing on the location of the land use types relative to the existing transport infrastructure. 

                                                   
22

  This aspect of landscape fragmentation is the subject of on-going research, see Koetse et al. 

(forthcoming).  
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There are three fragmentation levels, described to respondents as „low, „medium‟ and 

„high‟. Table 4.2 presents these three fragmentation levels together with their correspond-

ing values in four alternative fragmentation metrics, namely number of patches, length of 

edge with transport infrastructure, edge-area ratio and average patch size. It can be seen 

that to some extent the value of each fragmentation metric is dependent on the size of the 

area of a particular land use type. For example, fragmentation level „low‟ corresponds to a 

single patch of a particular land use, „medium‟ fragmentation corresponds to two patches, 

and „high‟ fragmentation corresponds to 5 or 6 patches depending on the area of the land 

use class (5 patches if area is 1km2, 6 patches if 2 or 3km2). Given the constraints of the 

choice set representation (see Figure 4.2), the degree of fragmentation of one land use 

type is dependent on the degree of fragmentation of the other land use types. It is not pos-

sible for all land use types to be in the same state of fragmentation. We therefore include 

prohibitions in the statistical design to prevent water and wetland fragmentation from tak-

ing the same level. See Table 4.3 for the set of „within-alternative‟ prohibitions. 

Table 4.1 Set of attributes included in ZPP choice model design. 

Design Attributes Description Levels Labels 

    

Water Area of water-land (broad channels 

separating strips of land) 

3 1; 2 ; 3 km
2
 

Wetland Area of wetland 3 1; 2 ; 3 km
2
 

Water fragmentation Degree of fragmentation due to 

transport infrastructure 

3 None; Medium; 

High 

Wetland fragmentation Degree of fragmentation due to 

transport infrastructure 

3 None; Medium; 

High 

Accessibility Open or closed access to water and 

wetland areas 

2 Open; Closed 

Transport infrastructure 

height 

Transport infrastructure raised or not 

raised 

2 Raised; Not raised 

Money attribute Additional municipal tax per year 

(€) 

4 5; 20; 40; 65  

    

Residual Attributes    

    

Agricultural grassland Area of grassland 5 2; 3; 4; 5; 6 km
2
 

Grassland fragmentation  Degree of fragmentation due to 

transport infrastructure 

3 None; Medium; 

High 

    

 

The attribute for transport infrastructure height takes two levels: one indicating that 

transport infrastructure is not raised (i.e., is at ground level) and the other indicating that it 

is raised on embankments. This attribute represents another aspect of landscape fragmen-

tation in that transport infrastructure that is raised on embankments forms a greater barrier 
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to movement between patches. In this sense, the height of transport infrastructure affects 

the physical accessibility of one patch from another. This attribute may also capture the 

visual intrusion aspect of fragmentation, i.e., that transport infrastructure becomes more 

visible in the landscape. The accessibility attribute also takes two levels, one indicating 

open public access to water and wetland areas, and the other indicating closed public ac-

cess. This attribute describes whether or not access to water and wetland areas is prohibit-

ed rather than whether they are physically accessible. 

A monetary attribute with four levels in the form of an addition to annual municipal tax is 

included to allow the calculation of marginal willingness to pay for the other attributes. 

The levels for the monetary attribute are based on a value transfer using the value func-

tion estimated in the meta-analysis of contingent valuation studies (see Brander and Koet-

se, 2007; Chapter 3). The meta-analytic value function is used to predict the value of 

8km2 of agricultural open space, providing recreation, aesthetic, and preservation values 

to a population with GDP per capita of €26,600 and population density of 1,227 per 

km2.23 The study characteristics in the value function were set to reflect a dichotomous 

choice elicitation format using a tax as payment vehicle. Substituting these values into the 

value function gives an annual per km2 value of €1.13 million. Dividing this by the aver-

age number of households that hold values for a patch of open space from the meta-

analysis database (383,000), gives an annual value of €2.96 per km2 per household. Mul-

tiplying this value by 8 km2 gives a predicted WTP of €24 per household. This provides 

us with a rough estimate of WTP for 8km2 of agricultural open space with some of the 

characteristics (e.g., income and density of the population) of our study site. The levels of 

the monetary attribute are distributed around this estimated amount. This range of values 

is tested in the second pre-test and full sample survey and found to be appropriate (see 

section 4.5).  

 

                                                   
23

  2008 statistics for the province of South Holland obtained from the provincial government 

website http://pzh.databank.nl/. 
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Table 4.2 Fragmentation metrics.  

Fragmentation 

description 

Area (km
2
) No. Patches Total edge 

(km) 

Edge/Area Average patch 

size (km
2
) 

Low 1 1 1 1 1.00 

Low 2 1 2 1 2.00 

Low 3 1 3 1 3.00 

Medium 1 2 3 3 0.50 

Medium 2 2 6 3 1.00 

Medium 3 2 9 3 1.50 

High 1 5 7 7 0.20 

High 2 6 11 6 0.33 

High 3 6 14 5 0.50 

 

Table 4.3 ‘Within-alternative’ prohibitions included in the statistical design. 

Prohibition Attribute Level Attribute Level 

     

1 Water frag. High Wetland frag. High 

2 Water frag. Medium Wetland frag. Medium 

3 Water frag. Low Wetland frag. Low 

 

4.4.2 Statistical design 

The statistical design (also called experimental design) for the choice experiment was 

generated using SSI Web 6.0 Sawtooth Software. The number of alternatives in each 

choice task is two. The number of random choice tasks to be completed by each respond-

ent is set at six. No fixed choice tasks are included. The number of questionnaire versions 

is set at six. We therefore generate a design with 36 choice cards. We use an „unlabelled 

experiment‟, i.e., alternatives are referred to as Option A and Option B rather than given 

descriptive labels, and a generic utility function will be applied to both alternatives in the 

estimation. The selected method by which the random choice tasks were generated is 

complete enumeration. This design strategy considers all possible alternatives and choos-

es each one so as to produce the most nearly orthogonal (attribute levels vary inde-

pendently of each other) fractional factorial design in terms of main effects. The concepts 

within each task are also kept as different as possible (i.e., there is minimal overlap). 

The statistical design was tested using SSI Web 6.0 and found to be efficient and allow 

estimation of statistically significant main effects given a sample size of 2,000 respond-

ents. The results of the statistical design tests are given in Annex 4.1.  

The frequency with which each design attribute level appears in the choice sets is bal-

anced, i.e., each level of an attribute is used approximately the same number of times. 

This is not the case, however, for residual attribute levels. Since the area and fragmenta-
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tion of grassland „fill‟ the remaining space, a balanced frequency is not ensured and low 

and high level are used less frequently. This is not anticipated to be a problem in the anal-

ysis since we do not estimate part-worth utilities for the residual attributes. 

4.4.3 Choice set representation 

The combinations of attributes and levels in alternatives and choice sets are represented 

graphically in maps. The advantages of this approach are that respondents immediately 

get a visual impression of the spatial configuration of attributes and lengthy text descrip-

tions of the choice sets can be avoided. It has been shown in other choice experiment 

studies that respondents can identify and cognitively process spatial attributes when they 

are presented graphically (e.g., Johnston et al., 2002). Two attributes are not represented 

graphically, namely accessibility and tax. These are described in text underneath each 

map, together with text descriptions of all the attributes represented in the map. An exam-

ple choice set is shown in Figure 4.2.  

 

4.5 Pre-tests and survey implementation 

The design of the choice experiment went through several stages of development and re-

finement before being implemented. Three pre-tests were conducted in the course of de-

veloping the choice experiment to test the clarity of attribute descriptions, instructions, 

choice tasks, the level of difficulty experienced in interpreting the sets, and the level of 

difficulty in making choices. This section describes the main outcomes of the pre-tests 

and the implementation of the full survey. Annex 4.2 describes in more detail the process 

of developing the choice experiment and the alterations that were made at each stage. 

The web-based choice experiment questionnaire was first tested on an unrepresentative 

sample of 15 colleagues from the Institute for Environmental Studies and the Department 

of Spatial Economics at VU University Amsterdam, and the Xplorelab at the South Hol-

land Provincial Government. Following the comments received, the number of attributes 

included in the design were reduced from 11 (9 design attributes and two residual attrib-

utes) to 9 (7 design attributes and two residual attributes). The two attributes that were 

removed represented natural grassland and the presence of trees alongside transport infra-

structure.  

The second pre-test sampled 109 households living in or in the vicinity of the ZPP, i.e., 

people who are likely to have some direct experience of the ZPP for recreation, aesthetic 

enjoyment, travel etc. The survey was administered by the Netherlands Institute for Pub-

lic Opinion (NIPO) and sent to a representative sample of their respondents within the 
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study area. The study area was defined by selecting postcode areas within the ZPP and 

10-15km of the ZPP. From the responses to this pre-test, it was determined that some re-

spondents find a text description of all attributes useful and this was subsequently added 

to the description of each alternative. 

 

The third pre-test was conducted on a first tranche of respondents invited for the full sur-

vey. In order to further check whether the questionnaire runs properly and to test whether 

the levels of the tax attribute are set appropriately, the sample was invited in two tranches. 

The first tranche comprised one third of the total sample (approximately 700 respondents) 

and the second tranche the remaining two thirds (approximately 1400 respondents). The 

procedure used for allocating respondents to either the first or second tranche is as fol-

lows. Initially the gross sample (full set of individuals invited to participate in the survey) 

was sorted by education level. The 1st, 19th, 37th etc., respondents are then allocated to 

tranche one, the 2nd, 20th, 38th etc., to tranche two, and the 3rd, 21st, 39th also to tranche 

two. The 1st, 2nd, and 3rd respondents receive version 1 of the questionnaire, the 4th, 5th, 

and 6th receive version 2, etc. In this way the 6 versions of the questionnaire are evenly 

distributed over the two tranches. The choice data from the first tranche was analysed to 

check that the levels for the monetary attribute had been set appropriately (i.e., that the 

tax significantly influences respondents‟ choices but does not dominate choices). In a 

dummy coded main effects multi-nomial logit estimation the tax attribute levels were 

found to be statistically significant alongside the other attributes and so no adjustments to 

the choice experiment were made at this stage.  

The number of completed responses in the full survey is 2,496. Summary statistics are 

presented in Annex 4.3. The sample comprises approximately equal numbers of males 

and females and is broadly representative of the population in terms of education and in-

come. Approximately 16% of the sample lives in the ZPP and the majority of the non-

ZPP residents in the sample live within 10km of the ZPP. Over 50% of the non-ZPP resi-

dents cross the ZPP at least once per month. 

Regarding awareness amongst the sample of the current development plans for the ZPP, 

only 15% claimed to be aware of the plans. Of this subset, 28% were in favour of the 

plans, 47% were not in favour, whereas 25% had no opinion.
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Figure 4.2 Example choice set.

• access to water and wetland nature areas

• increase in annual municipal tax by 40 euros

• 2 km2 water nature area / fragmentation: medium

• 3 km2 wetland area / fragmentation: low

• 3 km2 grassland / fragmentation: high

• road and rail  infrastructure not raised

• no access to water and wetland nature areas

• increase in annual municipal tax by 5 euros

• 1 km2 water nature area / fragmentation: medium

• 3 km2 wetland area / fragmentation: high

• 3 km2 grassland / fragmentation: medium

• road and rail  infrastructure raised
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Just over half of the respondents found the choice maps easy or very easy to interpret. A 

small number of respondents (16%) found the choice maps difficult to interpret. A larger 

proportion, however, found it difficult to make choices between the alternative landscape 

designs (27%). In making their choices, a large proportion of respondents considered only 

a small number of aspects of the landscape design (46%) whereas 17% claimed to consid-

er all aspects simultaneously. Somewhat worryingly for the coherency of the choice data, 

14% of respondents indicated that they only considered one aspect when making choices, 

17% used their intuition, and 5% made a random choice. The aspects that respondents in-

dicated were most important in influencing their choices are public access to wetland and 

water areas, the amount of tax, and the area of wetland. 

4.6 Results 

The first model estimated is a multinomial logit regression of the main effects. No alter-

native specific constant is included in the model since this is an unlabelled experiment. 

All models are estimated using Nlogit 3.0 unless otherwise stated. The results presented 

in Table 4.4 show that all attributes are significant at the 5% level except for fragmenta-

tion of water area, which is not quite statistically significant at the 10% level. The esti-

mated coefficients all have expected signs. The areas of water and wetland have positive 

coefficients, whereas the fragmentation of these areas has a negative effect. Accessibility 

to water and wetland areas has a relatively high positive coefficient indicating strong 

preferences for open access. The height of transport infrastructure has a relatively high 

negative coefficient, suggesting that respondents have strong preferences for infrastruc-

ture at ground level. 

Table 4.4  Main effects multinomial logit regression. 

Variable Values Coefficient S.E. P-value 

     

Water area 1=1km
2
, 2=2km

2
, 3=3km

2 
0.036*** 0.013 0.005 

Wetland area 1=1km
2
, 2=2km

2
, 3=3km

2
 0.071*** 0.012 0.000 

Accessibility 0=closed, 1= open  0.484*** 0.017 0.000 

Water fragmentation 1=low, 2=medium, 3=high -0.028 0.018 0.117 

Wetland fragmentation 1=low, 2=medium, 3=high -0.034** 0.017 0.045 

Infrastructure height 0=raised, 1=not raised 0.142*** 0.018 0.000 

Tax €5, €20, €40, €65 -0.015*** 0.000 0.000 

     

Iterations completed 5    

Log likelihood -9442.133    

R
2
 adjusted 0.09    

N 14964    

***, ** = statistical significance at 1% and 5%, respectively 
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We test for the equality of the estimated coefficients for water and wetland fragmentation 

using a Wald test with the null hypothesis that the coefficients are equal (see Hensher et 

al. (2005) for an explanation of this test). The test statistic is 0.23. The critical value for 

the 95 percent confidence level from the χ2 distribution with one degree of freedom is 

3.841, so we do not reject the null hypothesis and conclude that the coefficients on water 

and wetland fragmentation are equal. This result suggests that respondents are indifferent 

between fragmentation of water and wetland areas. Based on this result, we define a new 

variable that represents the combined degree of nature fragmentation. The results of a 

multinomial logit regression on main effects including the nature fragmentation variable 

instead of the water and wetland fragmentation variables are presented in Table 4.5. The 

estimated coefficient on the nature fragmentation variable is negative and statistically 

significant at the 5 percent level, indicating negative preferences for fragmentation of na-

ture areas. 

Table 4.5 Main effects multinomial logit regression with nature fragmentation variable. 

Variable Values Coefficient S.E. P-value 

     

Water area 1=1km
2
, 2=2km

2
, 3=3km

2 
0.036*** 0.013 0.004 

Wetland area 1=1km
2
, 2=2km

2
, 3=3km

2
 0.071*** 0.012 0.000 

Accessibility 0=closed, 1= open 0.484*** 0.017 0.000 

Nature fragmentation 1=low, 2=medium, 3=high -0.031** 0.016 0.050 

Infrastructure height 0=raised, 1=not raised 0.142*** 0.018 0.000 

Tax €5, €20, €40, €65 -0.015*** 0.000 0.000 

     

Iterations completed 5    

Log likelihood -9434.102    

R
2
 adjusted 0.09    

N 14964    

***, ** = statistical significance at 1% and 5%, respectively 

The third model estimated is a multinomial logit regression of the main effects with 

dummy coding. This model specification is used to examine non-linear effects in the 

model parameters. The results are presented in Table 4.6. 
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Table 4.6 Main effects dummy coded multinomial logit regression. 

Variable Coefficient S.E. P-value 

    

Water area 2km
2
 0.227*** 0.026 0.000 

Water area 3km
2
 0.086*** 0.027 0.001 

Wetland area 2km
2
 0.159*** 0.026 0.000 

Wetland area 3km
2
 0.135*** 0.026 0.000 

Accessibility 0.497*** 0.018 0.000 

Nature fragmentation medium -0.069* 0.039 0.074 

Nature fragmentation high -0.039 0.033 0.235 

Infrastructure height 0.153*** 0.018 0.000 

Tax €20 -0.140*** 0.031 0.000 

Tax €40 -0.473*** 0.030 0.000 

Tax €65 -0.889*** 0.033 0.000 

    

Iterations completed 5   

Log likelihood -9375.407   

R
2
 adjusted 0.095   

N 14964   

***, ** = statistical significance at 1% and 5%, respectively 

We find evidence of non-linear parabolic preferences for the size of water area. Respond-

ents prefer to have more than 1km2 of water in the landscape but have higher preferences 

for 2km2 of water than for 3km2. A similar pattern, albeit less well defined, is also ob-

served for wetland area. This may reflect preferences for mixed landscapes, i.e., that peo-

ple enjoy landscapes comprising several land uses without one land use being dominant. 

We use Wald tests to examine the statistical significance of differences in the relationship 

between water and wetland areas and estimated utility, with the null hypotheses that the 

coefficients on 2km2 and 3km2 are proportionately equal, i.e., that there is a single linear 

effect for the area of each land use. The test statistics are 5.37 and 2.21 respectively. We 

therefore conclude that there is a statistically significant difference between the estimated 

coefficients on water area, which suggests a non-linear effect. For wetland area, we con-

clude that the slopes of the dummy variable parameter estimates are proportionately 

equal, implying that there is a single linear effect for the size of wetland area.  

We also use a Wald test to examine linearity in the relationship between tax and utility. 

The test statistic is 4.094. The critical value for the 95 percent confidence level with three 

degrees of freedom (the number of restrictions) is 7.814. We therefore do not reject the 

null hypothesis that the coefficients on the tax dummy variables are proportionately equal 

and conclude that, at the 95 percent confidence level, there is a single linear effect of tax 

on utility. The log likelihood ratio test, on the other hand, indicates that the dummy coded 

model does perform better than a model with a single linear parameter for tax (χ2 = 9.59). 

The improvement, however, is small and we therefore opt to use a single linear parameter 
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for tax in the subsequent analysis in order to facilitate the calculation of willingness to 

pay for attribute levels. This gives us the model presented in Table 4.7.  

Table 4.7 Main effects dummy coded multinomial logit regression with continuous tax 

variable. 

Variable Coefficient S.E. P-value 

    

Water area 2km
2
 0.218*** 0.025 0.000 

Water area 3km
2
 0.077*** 0.027 0.004 

Wetland area 2km
2
 0.170*** 0.026 0.000 

Wetland area 3km
2
 0.136*** 0.025 0.000 

Accessibility 0.499*** 0.018 0.000 

Nature frag. medium -0.036 0.036 0.326 

Nature frag. high -0.033 0.032 0.305 

Infrastructure height 0.156*** 0.018 0.000 

Tax  -0.015*** 0.001 0.000 

    

Iterations completed 5   

Log likelihood -9386.960   

R
2
 adjusted 0.095   

N 14964   

*** = statistical significance at 1% 

Using the estimated coefficients from Table 4.7, household willingness to pay (WTP) for 

changes in each attribute can be calculated by taking the ratio of the estimated coefficient 

of each attribute and the estimated coefficient for the tax attribute. The results are pre-

sented in Table 4.8. The WTP amounts should be interpreted in relation to default land-

scape characteristics, i.e., 1km2 of water area, 1km2 of wetland area, no access to water 

and wetland area, low nature fragmentation, and transport infrastructure raised on em-

bankments. It is noted that the coefficients on the nature fragmentation variables are not 

statistically significant and therefore the estimated WTP amounts are not meaningful. 

Table 4.8 Willingness to pay for landscape characteristics in the ZPP (Euros per year). 

Attribute WTP per household  

   

Water area 2km
2
 14.53  

Water area 3km
2
 5.13  

Wetland area 2km
2
 11.33  

Wetland area 3km
2
 9.07  

Accessibility 33.27  

Nature fragmentation medium -2.40  

Nature fragmentation high -2.20  

Infrastructure at ground level 10.40  

 



79 

 

Our results show that accessibility to water and wetland areas is highly valued, with re-

spondents willing to pay on average €33 extra in municipal tax per year for open public 

access to these areas. We find that public access is valued considerably more highly than 

additional units of area of either water or wetland. From the perspective of recreational 

use of these areas, this makes sense since open public access is a prerequisite for any on-

site use of nature areas. This result suggests that on-site recreational activity is the princi-

pal underlying motivation for demand for nature areas, as opposed to scenic or non-use 

motivations that do not require accessibility. 

We find no evidence of public WTP to move from fragmentation of natural land uses to 

fragmentation of agricultural grassland. It appears that respondents are indifferent be-

tween these land uses in terms of their degree of fragmentation. This lack of strong pref-

erences for one type of „green-blue‟ land use over another may also be reflected in the 

parabolic preferences for water area. Respondents are willing to pay more (€14) to in-

crease the area of water from 1km2 to 2km2 than to increase from 1km2 to 3km2 (€5). A 

similar but less pronounced pattern is observed for WTP for additional units of wetland 

area. As noted above, this may indicate preferences for mixed landscapes. In the 8km2 

study area that we describe in this choice experiment, the optimal area of water appears to 

lie between 1 and 3km2. The choice experiment does not include a sufficient range of at-

tribute levels to observe whether WTP for water or wetland areas would become negative 

in the case that either land use dominated the landscape (i.e., that there would be a posi-

tive WTP to replace nature areas with agricultural grassland).  

In contrast to fragmentation of natural land versus agricultural grassland, respondents are 

willing to pay to avoid fragmentation caused by raised transport infrastructure. On aver-

age, respondent households are willing to pay €10 per year in additional municipal taxes 

for transport infrastructure to be at ground level instead of raised on embankments. We 

speculate that the negative welfare effect of raised roads and railway lines is due to en-

hanced visual intrusion in the landscape and barrier effects preventing people for moving 

easily around the landscape.     

Using the specification presented in Table 4.7 as a base model we estimate a number of 

interaction effects to examine how preferences vary across potentially important respond-

ent characteristics, including: income, education, gender, whether the respondent lives in 

the ZPP, and frequency of visiting and crossing the ZPP. The results of the multinomial 

logit regressions using these interaction effects are presented in Annex 4.4. With respect 

to the income interactions (Table 4.31), we find the expected positive and significant rela-

tionship between income and tax, indicating a positive income effect on willingness to 

pay across all landscape characteristics. We also find a positive and significant relation-
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ship between income and access, which suggests that respondents with higher incomes 

are willing to pay more for open public access. Similarly, we find a positive and signifi-

cant relationship between income and 3km2 of wetland area, indicating that respondents 

with higher incomes have stronger preferences for wetlands. These results suggest that 

WTP for some landscape characteristics vary across income groups over and above a pure 

income effect. Higher income groups have stronger preferences for natural land uses and 

for access to them. The percentage differences in WTP for landscape characteristics for 

each of the respondent characteristics that we examine using interaction effects are pre-

sented in Table 4.9. Only the statistically significant differences are presented in this ta-

ble. These can be interpreted as the percentage difference in WTP between the two cate-

gories used for each interaction effect (e.g., between low and high income categories). 

The definitions of the interaction effects and a description of which category is used as 

the reference case are provided below Table 4.9. The percentage differences for the tax 

attribute should be interpreted as the change in WTP across all landscape characteristics 

due to differences in the marginal utility of money across respondent characteristics. With 

respect to the pure income effect (indicated by the interaction term between income and 

tax), we find that WTP for all landscape characteristics is 31% higher for respondents in 

the high income category (monthly household income greater than €2,500) than for re-

spondents in the low income category. In addition to this pure income effect, we find that 

high income respondents are willing to pay 115% more than low income respondents for 

3km2 of wetland area (in place of 1km2). We also see that high income respondents are 

willing to pay 13% more than low income respondents for open public access to nature 

areas. We stress again that this is over and above the pure income effect. The combined 

effect of the difference in income and in preferences between income groups is a WTP for 

open access that is 48% higher for high income respondents than for low income re-

spondents. Note that the two effects are not simply additive but the combined effect can 

be calculated as the ratio of the high income marginal utility for access and the high in-

come marginal utility of money (tax).    

From the interaction terms with education (Table 4.32), we find positive and significant 

relationships between education and water area, wetland area and tax. This suggests that 

respondents with more education have higher positive preferences for nature areas and are 

willing to pay more. From Table 4.9 we see that more highly educated respondents (high 

school and above) are willing to pay 53%, 72% and 215% more than less well educated 

respondents for 2km2 water area, 2km2 wetland area, and 3km2 wetland area, respectively. 

Education is, however, highly positively correlated with income so to some extent these 

findings may represent the income effect (see Table 4.41 for correlations between varia-
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bles used for interactions). Indeed, the „pure education effect‟ on WTP for all landscape 

characteristics is identical to the pure income effect.  

Regarding interactions with gender (Table 4.33), we find that women have significantly 

higher preferences for open access to water and wetland areas. Table 4.9 shows that on 

average female respondents are willing to pay 55% more than male respondents for open 

public access to nature areas. We also find a significant difference between men and 

women in terms of WTP for avoiding nature area fragmentation, with women willing to 

pay 130% less than men to avoid a medium level of nature area fragmentation. Women 

are apparently willing to pay a positive amount to move from low fragmentation to medi-

um fragmentation of nature areas. 

The interaction terms with residency of the ZPP (Table 4.34) show that residents have 

significantly higher preferences for transport infrastructure at ground level than non-

residents. In fact, the coefficient on the infrastructure variable becomes negative (albeit 

insignificant) when the interaction term between residency and infrastructure is included 

– suggesting that non-residents of the ZPP may even have positive preferences for raised 

infrastructure. The difference in WTP for ground level transport infrastructure between 

residents and non-residents is almost 1,300%. We also find a positive and significant co-

efficient on the interaction between residency and tax, indicating that residents of the ZPP 

are willing to pay more (55%) for all attributes. This makes intuitive sense since residents 

are likely to experience all landscape features to a greater extent than non-residents. From 

the interaction terms with frequency of visiting the ZPP (Table 4.35), we find that more 

frequent visitors also have stronger preferences for transport infrastructure at ground lev-

el. This also appears to make intuitive sense in that frequent visitors to the ZPP would 

benefit more from reduced fragmentation than less frequent visitors. Similarly, we find 

that respondents that cross the ZPP more frequently have stronger preferences for ground 

level infrastructure (Table 4.36). This group of respondents are also found to have signifi-

cantly higher WTP for all landscape characteristics than less frequent visitors (25% high-

er). 

In addition to examining respondent characteristics and their influence on the estimated 

coefficients, we used interaction effects for two variables that represent the respondents‟ 

choice making process: the length of time spent answering the questionnaire, and the pro-

cess by which choices were made. The length of time that respondents spent in complet-

ing the questionnaire was lower than expected and in some cases very short. Figure 4.5 in 

Annex 4.3 presents a histogram of response times. We are interested to examine whether 

the length of time spent in making choices has a significant influence on the estimated 

part-worth utilities for the attributes included in our model. We find that respondents that 
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took longer to complete the questionnaire stated significantly stronger preferences for ac-

cess to nature areas and for ground level infrastructure (Table 4.37). In terms of WTP, we 

find that respondents that took longer to complete the questionnaire are WTP on average 

434% more for ground level transport infrastructure than respondents that took less time. 

There is also a small but significant negative coefficient on the interaction term between 

response time and tax – indicating a (28%) higher willingness to pay for all landscape 

characteristics if more time was taken. We speculate that respondents that spent relatively 

little time answering the choice questions focussed on the tax attribute to the exclusion of 

other attributes. Respondents that took more time in answering the questions were able to 

evaluate more of the attributes and therefore we find differences in their stated prefer-

ences. 

We are also interested in examining whether the process by which respondents chose be-

tween alternatives has a significant influence on stated preferences. All respondents were 

asked a follow-up question after the choice questions to ascertain the way in which they 

had made their choices. Respondents were asked to indicate whether they had considered 

all attributes, only a few attributes, only one attribute, used intuition, or made a random 

choice. We find that respondents that considered more attributes in making their choices 

have higher preferences for water and wetland areas, transport infrastructure at ground 

level, and are less influenced by the tax attribute (Table 4.38). In terms of WTP, we find 

that respondents that considered more attributes are willing to pay 136%, 163%, and 

382% more for 2km2 water area, 3km2 water area, and 3km2 wetland area, respectively. 

These respondents are also willing to pay 487% more for transport infrastructure to be at 

ground level. The reduced focus on the tax attribute in this group of respondents also re-

sults in a 183% higher WTP for all landscape characteristics. 

In order to further explore preference heterogeneity in the sample we use a mixed logit 

model. This allows us to relax the assumption that preferences are constant across the 

sample and treat selected attributes in the model as random instead of fixed parameters. 

The number of replications of simulated draws from which the random parameters are de-

rived is specified at 1,000 (as recommended by Bhat (2001)) using Halton draws.24 We 

assume that the random parameters follow a normal distribution.25 Our data has a panel 

                                                   
24

  The Halton sequence of draws is based on an 'intelligent' set of values for the simulation, 

which provide a more uniform coverage over the unit interval than pseudo-random sequences. 

Numerical analyses have found that a small number of Halton draws is at least as effective as a 

large number of pseudo-random draws using a random number generator (Train, 2003; Bhat, 

2001). 
25

   Using an alternative triangular distribution did not substantially affect the results.  
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structure in that each respondent answered 6 choice questions, and this is accounted for in 

the mixed logit model specification. By testing alternative specifications we find evidence 

of significant heterogeneous preferences for access to water and wetland areas. The re-

sults are presented in Table 4.10. The P-value for the mean parameter estimate for acces-

sibility is less than the critical value of 0.05, indicating that the parameter estimate is sta-

tistically different from zero. The derived standard deviation for the random parameter for 

accessibility (NsAcc = 0.831) is also statistically different from zero, as indicated by the 

Wald-statistic of 25.59 (outside of the + 1.96 range) and the associated P-value less than 

0.05. The statistically significant dispersion of the accessibility parameter indicates the 

presence of heterogeneity over the sample population with regard to individual-level ac-

cessibility parameter estimates. We use the coefficients in Table 4.10 to compute WTP 

for each attribute in order to check whether the ML specification affects estimates of 

marginal valuations. For non-random parameters, i.e., all except of accessibility, the 

method of calculating WTP remains unchanged. We find that WTP estimates are almost 

identical to those produced using the MNL model. 
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Table 4.9 Percentage differences in willingness to pay for landscape characteristics by respondent characteristic interaction effects.   

 Income
1 

Education
2 

Gender
3 

Resident
4 

Visit 
5 

Cross 
6 

Time
7 

Choice
8 

         

Water area 2km
2
 - 53% - - - - - 136% 

Water area 3km
2
 - - - - - - - 163% 

Wetland area 2km
2
 - 72% - - - - - - 

Wetland area 3km
2
 115% 215% - - - - - 382% 

Accessibility 13% - 55% - - - - - 

Nature frag. medium - - -130% - - - - - 

Nature frag. high - - - - - - - - 

Infrastructure height - - - 1,295% 1,217% 249% 434% 487% 

Tax 31% 31% - 52% - 25% 28% 183% 

 
1 Income is defined in two categories: 0 if < €2500; 1 if > €2500. Low income is used as the reference category. 

2 Education is defined in two categories: 0 if middle vocational education or lower; 1 if higher. Low education is used as the reference category. 
3 Gender is defined in two categories: 0 if male; 1 if female. Male is used as the reference category. 
4 Residence of the ZPP is defined in two categories: 0 if ZPP resident; 1 if not a ZPP resident. Not a ZPP resident is used as the reference cate-

gory. 
5 Visit frequency is defined in two categories: 0 if the respondent visits the ZPP annually or less often; 1 if visits monthly or more often. ZPP 

residents are not included in this analysis. Lower frequency visitor is used as the reference category. 
6 Crossing frequency is defined in two categories: 0 if annually or less often; 1 if monthly or more often. Lower frequency of crossing is used as 

the reference category. 
7 Response time is defined in two categories: 0 if response time is less than median (7 minutes); 1 if response time is 7 minutes or longer. 

Shorter response time is used as the reference category. 
8 Choice process is defined in two categories: 0 if respondent considered only one aspect or made a random choice; 1 if respondent considered a 

small number of aspects, all aspects simultaneously, or used intuition. Respondents that considered only one aspect or made a random choice 

are used as the reference category.
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We explore the underlying causes of the observed heterogeneity in preferences for acces-

sibility by estimating the same model with interactions between accessibility and a num-

ber of potentially important characteristics of the respondents: income, education, fre-

quency of visiting and crossing the ZPP, and length of time spent completing the ques-

tionnaire. The results are presented in Table 4.39 in Annex 4.4. We only find a significant 

positive coefficient on the interaction between access and response time. We further 

speculate that the observed preference heterogeneity for accessibility to natural areas 

might in part be explained as the difference between direct users (people who visit nature 

areas and have a positive preference for access) and non-users (people who do not visit 

nature areas and have a negative preference for access, i.e., prefer that no-one visits them 

in order to enhance the quality of nature). 

Table 4.10 Mixed logit model with random parameter for access to nature areas. Esti-

mated using a normal distribution and 1000 Halton draws.  

Variable Coefficient S.E. P-value 

    

Random parameters in utility functions   

Accessibility 0.572*** 0.026 0.000 

Non-random parameters in utility functions 

Water area 2km
2
 0.252*** 0.028 0.000 

Water area 3km
2
 0.095*** 0.030 0.002 

Wetland area 2km
2
 0.196*** 0.028 0.000 

Wetland area 3km
2
 0.162*** 0.028 0.000 

Nature frag. medium -0.037 0.039 0.354 

Nature frag. high -0.036 0.035 0.294 

Infrastructure height 0.175*** 0.019 0.000 

Tax -0.017*** 0.001 0.000 

Derived standard deviations of parameter distributions 

NsAcc 0.831*** 0.032 

 

0.000 

Iterations completed 14   

Log likelihood -9189.136   

R
2
 adjusted 0.114   

N 14964   

***
 = statistical significance at 1% 

To explore this possible explanation we follow two approaches. The first approach is to 

estimate three mixed logit models using mass-point distributions with 2, 3, and 5 points 

respectively in order to examine the shape of the distribution of the random coefficient. 

We hypothesize that a distinction between respondents in terms of users of nature and 

non-users would be indicated by two significant mass points – one negative (for non-

users) and one positive (for users). The mass-point mixed logit models are estimated us-

ing Biogeme 1.7 using 1000 random draws (Bierlaire, 2008). The results do not provide 
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evidence of a discrete two-point distribution. The second approach is to include in the 

base ML model (Table 4.10) an interaction term for accessibility and direct use (measured 

as 1 if the respondent regularly visits nature areas). The results are presented in Table 

4.40 in Annex 4.4 and indicate that direct users of natural areas do have stronger prefer-

ences for accessibility (albeit only significant at the 10% level). 

4.7 Discussion and conclusions 

We use a choice experiment to explore public preferences for a number of landscape 

characteristics, including the area of natural land use (water and wetlands), the degree of 

fragmentation of these land uses, and accessibility to nature areas. The degree of frag-

mentation is captured by two attributes: the number of patches of natural land use sepa-

rated by transport infrastructure; and the height of transport infrastructure as raised on 

dikes or at ground level. We represent the choice cards graphically as maps in order to fa-

cilitate the evaluability of attributes and levels. This approach appears to work well and a 

high proportion of respondents did not have difficulty in interpreting the information con-

tained in the maps. We did find, however, in pre-testing the choice experiment with a 

larger number of attributes (11 vs. 9 in our final design) that a large proportion of re-

spondents felt that there was too much information to process. This contrasts with the 

findings of Johnston et al. (2002) that respondents are capable of stating preferences in 

response to spatial information presented in cartographic form in a choice experiment 

with 19 attributes.  

We find evidence of strong preferences for public access to nature areas and for transport 

infrastructure at ground level. Interestingly, we also observe preferences for a mixed 

landscape and possibly parabolic preferences for water area. Our results do not indicate 

strong preferences for reduced fragmentation of nature areas as measured by the number 

of patches of that land use type. We also find no evidence of distance decay effects for re-

spondents living outside the ZPP. We do, however, observe differences in preferences be-

tween residents and non-residents of the ZPP. This distinction between respondents may 

be of greater relevance than distance to the area in the valuation of landscape characteris-

tics because residents are likely to have considerably greater experience of landscape 

characteristics in the ZPP than non-residents regardless of the latter‟s distance to the ZPP. 

Regarding the height of transport infrastructure, it is residents that experience the barrier 

effect and visual intrusion of raised infrastructure more acutely whereas non-residents 

will only experience this feature when visiting or crossing the ZPP. Over a limited scale it 

is likely to be respondent behaviour rather than the distance between their place of resi-

dence and the landscape of interest that determines their WTP for certain landscape fea-
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tures. Indeed we find that respondents that visit or cross the ZPP more frequently do have 

stronger preferences for ground level transport infrastructure. We further speculate that 

observed heterogeneity of preferences for public access to nature areas may derive from 

respondents being direct users or non-users of nature areas. Using two approaches to ex-

amine this effect (1. mass-point mixed logit estimation; 2. interaction term between ac-

cessibility and a dummy variable indicating whether the respondent regularly visits nature 

areas), however, provides only weak evidence of a distinction in preferences between us-

ers and non-users.  

To illustrate the potential use of the results of this choice experiment for assessing alter-

native landscape designs for the Zuidplaspolder, we use the WTP estimates for landscape 

characteristics to value the difference between two development scenarios for the study 

site. The first development scenario is characterised by 1km2 of water area, 1km2 wetland, 

6km2 of agricultural grassland, no public access to nature areas, 5 patches of nature area, 

and transport infrastructure raised on embankments. The second development scenario is 

characterised by 2km2 of water area, 2km2 wetland, 4km2 of agricultural grassland, open 

public access to nature areas, 2 patches of nature area, and transport infrastructure at 

ground level. Scenarios 1 and 2 therefore respectively represent low and high value land-

scape characteristics. Using the estimated WTP amounts for changes in landscape charac-

teristics in Table 4.8 gives an average annual household WTP to move from scenario 1 to 

scenario 2 of €70. To obtain an estimate of the total value of such a change requires in-

formation on the economic constituency or market size (i.e., the population that holds 

values for landscape characteristics in the study site). This can be identified using spatial 

data on population and an estimate of the distance decay effect (the rate at which values 

decline with distance from the study site). In this study we did not identify any significant 

distance decay effect over the geographic scale from which the sample was drawn (0-

15km from the ZPP). We therefore make a conservative estimate of the total annual value 

of the difference in landscape characteristics between scenarios 1 and 2 by extrapolating 

only to households living within a 10km radius of the ZPP (179,000 households). This 

gives a total annual value of €12.4 million, with almost half this value being attributable 

to the change in public access to nature areas (€ 5.9 million) and approximately €1.9 mil-

lion attributable to the reduced fragmentation effect of raised transport infrastructure. 
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Annex 4.1: Test of statistical design 

Statistical designs describe the levels of the attributes that make up the alternatives within 

each choice set, and the combinations of choice sets within each version of the survey. 

Since the total number of combinations of attribute levels, even in relatively simple 

choice models, can be very large it is necessary to use some systematic approach to select 

the combinations of attribute levels in alternatives and choice sets in order to provide suf-

ficient information to allow estimation of relative effects within the constraints of practi-

cal sample sizes (Scarpa and Rose, 2008). Alternative statistical designs can be described 

in terms of their efficiency, which relates to the precision with which parameters in the 

choice model can be estimated.   

The selected method by which choice tasks were generated in our choice model is com-

plete enumeration using a seed of 1. This design strategy considers all possible alterna-

tives and chooses each one so as to produce the most nearly orthogonal (attribute levels 

vary independently of each other) fractional factorial design, in terms of main effects. The 

concepts within each task are also kept as different as possible (i.e., there is minimal over-

lap).  

We use the design tests that are available in the SSI Web 6.0 Sawtooth Software to test 

the efficiency of the generated statistical design. The design testing assumes an aggregate 

analysis of the choice data rather than individual level estimation. This corresponds to our 

intended use of the data. 

In testing our design we examine three criteria: 1. the frequency with which each attribute 

level appears; 2. the approximated standard errors of the main effects using OLS; 3. the 

standard errors of the main effects using a multinomial logit regression and simulated re-

sponse data. 

The third column of Table 4.11 presents the attribute level frequency in the design. Opti-

mally efficient designs show each level within an attribute an equal number of times, 

which is the case for our design.  

The OLS efficiency test does not give a precise estimate of each standard error for a given 

set of responses, but rather the pattern of the relative magnitudes of standard errors with 

respect to each other. In Table 4.11, the column labelled „Actual‟ gives estimated stand-

ard errors for our statistical design. The column labelled „Ideal‟ gives an estimate of what 

the standard errors would be if the design were precisely orthogonal. The column labelled 

„Efficiency‟ gives the relative efficiency of our design in terms of the precision of each 

estimated parameter, compared to the hypothetical orthogonal design, measured as the 
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square of their ratio. For the most of the attribute levels the estimated efficiency is rela-

tively high. Due to the prohibitions that we impose on the combination of fragmentation 

levels, however, the efficiencies for these attribute levels are low (less than 50%).  

Table 4.11 A Priori Estimates of Standard Errors for Attribute Levels. 

Attribute Level Frequency Actual Ideal Efficiency 

      

Water area 1km
2
 24 (this level has been omitted) 

Water area 2km
2
 24 0.3414 0.3333 0.9531 

Water area 3km
2
 24 0.3588 0.3333 0.8632 

Wetland area 1km
2
 24 (this level has been omitted) 

Wetland area 2km
2
 24 0.3558 0.3333 0.8778 

Wetland area 3km
2
 24 0.3553 0.3333 0.8801 

Access Open 36 (this level has been omitted) 

Access Closed 36 0.2386 0.2357 0.976 

Water frag. Low 24 (this level has been omitted) 

Water frag. Medium 24 0.5443 0.3333 0.375 

Water frag. High 24 0.4783 0.3333 0.4858 

Wetland frag. Low 24 (this level has been omitted) 

Wetland frag. Medium 23 0.5558 0.3333 0.3597 

Wetland frag. High 25 0.4711 0.3333 0.5006 

Infrastructure Not raised 36 (this level has been omitted) 

Infrastructure Raised 36 0.2396 0.2357 0.9681 

Tax 5 18 (this level has been omitted) 

Tax 20 18 0.428 0.4082 0.9097 

Tax 40 18 0.4186 0.4082 0.951 

Tax 65 18 0.4475 0.4082 0.8323 

 

For the efficiency test using multinomial logit regression and simulated response data we 

assume 2,000 respondents. Each respondent is required to answer 6 choice questions so 

the simulation therefore comprises of 12,000 choice tasks. The proportion of choices in 

each response category are: Option A 49.53%; Option B 50.47%. The results of a multi-

nomial logit regression including main effects are presented in Table 4.12. The standard 

errors reflect the of the estimate coefficient for each parameter. The general guidance is 

that standard errors within each attribute should be roughly equivalent should not be larg-

er than 0.05. The estimated standard errors for our design meet these criteria, including 

those for the water and wetland fragmentation attributes.   

Aside from the inclusion of prohibitions in our design, the restriction on the number of 

versions of the survey to six may also be a source of inefficiency. We test this by compu-

ting the D-efficiency of our design relative to an identical design with 200 versions. D-

efficiency summarises how precisely a design can estimate all the parameters of interest 

with respect to another design (Kuhfeld et al., 1994). The D-efficiency statistic is given 

by the ratio of the strengths of design for two designs (3117.54045/3784.93078 = 0.82). 
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Our design is 82% as efficient as the alternative design with a less restricted number of 

versions. 

Table 4.12 Multinomial Logit Report with Simulated Data 

Attribute  Effect Std Err t Ratio 

     

Water area 1km2 -0.01732 0.01791 -0.9672 

Water area 2km2 0.02684 0.0158 1.69876 

Water area 3km2 -0.00952 0.01824 -0.52163 

Wetland area 1km2 -0.01792 0.01561 -1.148 

Wetland area 2km2 -0.02252 0.01718 -1.3104 

Wetland area 3km2 0.04044 0.01727 2.342 

Access Open -0.00758 0.00927 -0.81749 

Access Closed 0.00758 0.00927 0.81749 

Water frag. Low 0.01526 0.02314 0.65916 

Water frag. Medium 0.03131 0.03134 0.99892 

Water frag. High -0.04657 0.02618 -1.7787 

Wetland frag. Low 0.04021 0.0231 1.74069 

Wetland frag. Medium -0.02784 0.03301 -0.8436 

Wetland frag. High -0.01237 0.02774 -0.44586 

Infrastructure Not raised -0.00915 0.00967 -0.94524 

Infrastructure Raised 0.00915 0.00967 0.94524 

Tax 5 -0.01091 0.02037 -0.53525 

Tax 20 0.06314 0.02444 2.58335 

Tax 40 -0.01923 0.02802 -0.68628 

Tax 65 -0.033 0.02733 -1.20744 
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Annex 4.2: Development of choice experiment design 

The design of the choice experiment went through several stages of development and re-

finement. This section describes in detail the design and pre-test process and the altera-

tions that were made at each stage. 

Table 4.13 presents a list of 13 attributes that we initially proposed to include in the 

choice model. 

Table 4.13 Initial set of attributes included in the ZPP choice model design. 

Design Attributes Description Levels Labels 

    

Water Area of water-land (broad channels 

separated by strips of land) 

3  1; 2 ; 3 km2 

Wetland Area of wetland 3 1; 2 ; 3 km2 

Natural grassland Area of natural grassland 3 1; 2 ; 3 km2 

Water fragmentation Degree of fragmentation due to 

transport infrastructure 

3 None; Medium; 

High 

Wetland fragmentation Degree of fragmentation due to 

transport infrastructure 

3 None; Medium; 

High 

Accessibility Open or closed access to water and 

wetland areas 

2  Open; Closed 

Transport infrastructure 

height 

Transport infrastructure raised or 

not raised 

2  Raised; Not raised 

Trees Trees alongside roads 2 Trees; No trees 

Money attribute Additional municipal tax per year 

(€) 

4 5; 20; 40; 65  

    

Residual Attributes    

    

Agricultural grassland Area of grassland 6 0; 1; 2; 3; 4; 5 km2 

Grassland fragmentation  Degree of fragmentation due to 

transport infrastructure 

3 None; Medium; 

High 

    

 

In order to produce feasible choice set designs it is necessary to introduce a number of 

prohibitions to the statistical design, i.e., prohibited combinations of attribute levels with-

in each alternative. 

Given a fixed spatial area of 8km2, there are clearly interactions between the attribute lev-

els for the area of each land use type. If one land use increases in size it is necessary for 

another land use to decrease in size. This occurs in the choice set design through the in-

clusion of agricultural grassland as the residual land use. It is not possible, however, for 

wetland, water, and natural grassland to take maximum levels (3km2) in the same land-

scape alternative. We therefore introduced a prohibition in the statistical design to prevent 
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attribute level 3 being selected for these three attributes in the same concept (see prohibi-

tion 1 in Table 4.14). 

As noted earlier, it is also not possible for all land use types to be in the same state of 

fragmentation, particularly when the areas of the land uses in question are large. We 

therefore introduce prohibitions to prevent the three design attribute land use classes be-

ing in the same state of fragmentation (prohibitions 2-4 in Table 4.14) and a further set of 

prohibitions to prevent two land use types having 3km2 and being in the same state of 

fragmentation (prohibitions 5-13 in Table 4.14). 

Table 4.14 List of within-alternative prohibitions 

 Attribute Level Attribute Level Attribute Level Attribute Level 

         

1 Water 3km
2
 Wetland 3km

2
 Nat. grass 3km

2
   

2 Water 

frag. 

high Wetland 

frag. 

high Nat. grass 

frag. 

high   

3 Water 

frag. 

medium Wetland 

frag. 

medium Nat. grass 

frag. 

medium   

4 Water 

frag. 

low Wetland 

frag. 

low Nat. grass 

frag. 

low   

5 Water 3km
2
 Wetland 3km

2 Water 

frag. 
low Wetland 

frag. 
low 

6 Water 3km
2
 Wetland 3km

2 Water 

frag. 
medium Wetland 

frag. 
medium 

7 Water 3km
2
 Wetland 3km

2 Water 

frag. 
high Wetland 

frag. 
high 

8 Water 1km
2
 Nat. grass 3km

2 Water 

frag. 
low Nat. grass 

frag. 
low 

9 Water 3km
2
 Nat. grass 3km

2 Water 

frag. 
medium Nat. grass 

frag. 
medium 

10 Water 3km
2
 Nat. grass 3km

2 Water 

frag. 
high Nat. grass 

frag. 
high 

11 Wetland 3km
2
 Nat. grass 3km

2 Wetland 

frag. 
low Nat. grass 

frag. 
low 

12 Wetland 3km
2
 Nat. grass 3km

2 Wetland 

frag. 
medium Nat. grass 

frag. 
medium 

13 Wetland 3km
2
 Nat. grass 3km

2 Wetland 

frag. 
high Nat. grass 

frag. 
high 

 

First pre-test 

Sample 

The choice experiment questionnaire was first tested on an unrepresentative sample of 

colleagues from the Institute for Environmental Studies, the Department of Spatial Eco-

nomics, and Xplorelab. Few of the respondents were familiar with the Zuidplaspolder and 
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most have some understanding of choice experiments. The respondents were asked to 

provide comments on all aspects of the questionnaire, but particularly on: 

1. How understandable they found the introduction and representation of the attributes. 

2. How understandable they found the instructions for the choice experiment. 

3. How understandable they found the maps representing the choice sets. 

Fifteen emailed responses were received. 

Alterations to questionnaire 

Most of the comments and suggestions were taken on board to improve the questionnaire. 

Most importantly, it was recognised that respondents could not cognitively process in-

formation on such a large number of attributes. We therefore decided to reduce the num-

ber of attributes by removing one land use type (natural grassland) and the trees attribute. 

Natural grassland was removed because it is similar to agricultural grassland (at least in 

the perception of respondents) and it does not feature strongly in plans for the ZPP. This 

leaves us with 7 design attributes and 2 residual attributes (see Table 4.15). 

As a consequence of removing one land use type, the need for prohibitions in the statisti-

cal design is reduced. Given a fixed spatial area of 8km2 it is now possible for water and 

wetland areas to both be at their maximum levels in the same landscape design. It is still 

not possible, however, for water and wetland to have the same level of fragmentation in 

an alternative. We therefore include prohibitions to prevent water and wetland fragmenta-

tion for taking the same level. See Table 4.16 for the revised set of within alternative pro-

hibitions. 

In addition to the above described changes, the questionnaire was translated into Dutch. 

The resulting changes in the choice set representation can be seen in Figure 4.3. 
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Table 4.15 Revised set of attributes included in ZPP choice model design. 

Design Attributes Description Levels Labels 

    

Water Area of water-land (broad channels 

separating strips of land) 

3  1; 2 ; 3 km2 

Wetland Area of wetland 3 1; 2 ; 3 km2 

Water fragmentation Degree of fragmentation due to 

transport infrastructure 

3 None; Medium; 

High 

Wetland fragmentation Degree of fragmentation due to 

transport infrastructure 

3 None; Medium; 

High 

Accessibility Open or closed access to water and 

wetland areas 

2  Open; Closed 

Transport infrastructure 

height 

Transport infrastructure raised or not 

raised 

2  Raised; Not raised 

Money attribute Additional municipal tax per year 

(€) 

4 5; 20; 40; 65  

    

Residual Attributes    

    

Agricultural grassland Area of grassland 5 2; 3; 4; 5; 6 km2 

Grassland fragmentation  Degree of fragmentation due to 

transport infrastructure 

3 None; Medium; 

High 

    

 

Table 4.16 Revised set of within alternative prohibitions. 

Prohibition Attribute Level Attribute Level 

     

1 Water frag. high Wetland frag. high 

2 Water frag. medium Wetland frag. medium 

3 Water frag. low Wetland frag. low 

 

 

Figure 4.3. Example choice set representation (revised after first pre-test) 

• Open access to water and wetland nature areas

• Increase in annual municipal tax by 40 euros

• No access to water and wetland nature areas

• Increase in annual municipal tax by 5 euros
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Second pre-test 

Sample 

The second pre-test sampled over 100 households living in or in the vicinity of the ZPP, 

i.e., people who are likely to have some direct experience of the ZPP for recreation, aes-

thetic enjoyment, travel etc. The survey was administered by NIPO (a market research 

company) and sent to a representative sample of their respondents within the study area. 

The study area was defined by selecting postcode areas within the ZPP and 10-15km of 

the ZPP. The postcode areas were selected with two considerations in mind. First, it is 

necessary to select a large enough number of postcode areas to ensure that there are a suf-

ficient number of NIPO respondents to be sampled from. Given that the target sample 

size for the full sample survey is around 2000 respondents, the number of postcode areas 

needs to be reasonably large. Second, if we wish to test for distance decay effects in the 

values held by respondents, we need sufficient variation in the distance respondents live 

from the ZPP. Again this requires us to select a reasonably large number of postcode are-

as. 

A web link to the online questionnaire and unique username and password were emailed 

to 150 NIPO respondents living in the selected postcode areas. 109 valid responses were 

received. 

Results 

The full set of results from the second pre-test is presented in Annex 4.3. Only the results 

that raised concern will be discussed here. The consistency check in which respondents 

are asked to choose between the same pair of maps twice (the first choice question is re-

peated later in the questionnaire in combination with a text description of the attribute 

levels) shows that 27% of respondents chose a different option. This is troubling and sug-

gests that respondents are not certain about the choices they make. 

Regarding the ease with which respondents interpreted the maps and made choices be-

tween them, a very few claimed to find these tasks difficult (7.3% and 16.5% respective-

ly). Nevertheless, a large majority stated that they found the inclusion of the text descrip-

tion of attribute levels underneath the maps to be useful (9.2% very helpful, 23.9% con-

siderably helpful, 30.3% reasonably helpful, and 16.5% a bit helpful). Only 5.5% of re-

spondents said that they found the text description gave them an overload of information. 
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Alterations to questionnaire 

In response to the finding that most respondents find a text description useful, text de-

scriptions of attribute levels have been included under each map in bullet form. An exam-

ple of the revised choice set representation is shown in Figure 4.4. 

A small change was made to the set of income categories used to obtain information 

about each respondent‟s income. An additional lower first income category of „€1000 or 

less per month‟ was included as a relatively large number of respondents in fell in the ex-

isting first category of „€1500 or less per month‟.  

 

Figure 4.4 Example choice set representation (revised after second pre-test). 

  

• access to water and wetland nature areas

• increase in annual municipal tax by 40 euros

• 2 km2 water nature area / fragmentation: medium

• 3 km2 wetland area / fragmentation: low

• 3 km2 grassland / fragmentation: high

• road and rail  infrastructure not raised

• no access to water and wetland nature areas

• increase in annual municipal tax by 5 euros

• 1 km2 water nature area / fragmentation: medium

• 3 km2 wetland area / fragmentation: high

• 3 km2 grassland / fragmentation: medium

• road and rail  infrastructure raised
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Annex 4.3: Descriptive statistics for full sample 

Number of respondents: 2496 

Gender: 49.3% male, 50.7% female 

Average age: 48 

Average number of children living at home: 0.86 

Table 4.17 Level of education of respondents. 

 Frequency Percent 

   

Primary school 57 2.3 

Middle school 336 13.5 

Lower vocational education 253 10.1 

Middle vocational education 687 27.5 

High school 332 13.3 

Higher vocational education 564 22.6 

University 245 9.8 

Other 22 .9 

Total 2,496 100.0 

 

Table 4.18 Monthly net household income. 

 Frequency Percent 

   

Less than € 1000 184 7.4 

€ 1000 - € 1500 240 9.6 

€ 1501 - € 2000 375 15.0 

€ 2001 -  € 2500 439 17.6 

€ 2501 -  € 3000 446 17.9 

€ 3001 -  € 3500 286 11.5 

€ 3501 -  € 4000 226 9.1 

€ 4001 -  € 4500 116 4.6 

€ 4501 -  € 5000 65 2.6 

more than € 5000 119 4.8 

Total 2,496 100.0 

 

Table 4.19 Number and percentage of respondents living in the ZPP. 

 Frequency Percent 

Live in ZPP 401 16.1 

Does not live in ZPP 2,095 83.9 

Total 2,496 100.0 
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Table 4.20 Distance of ZPP non-resident respondents to the ZPP. 

 Frequency Percent 

   

Less than 0.5 km 29 1.4 

0.5 to 1 km 54 2.6 

1.5 to 2 km 123 5.9 

2 to 3 km 121 5.8 

3 to 4 km 98 4.7 

4 to 5 km 216 10.3 

5 to 10 km 563 26.9 

10 to 15 km 449 21.4 

More than 15km 272 13.0 

Dont know 170 8.1 

Total 2095 100.0 

 

Table 4.21 Frequency with which ZPP non-resident respondents cross the ZPP. 

 Frequency Percent 

   

Daily 165 7.9 

Weekly 355 16.9 

Monthly 682 32.6 

Yearly 337 16.1 

Never 446 21.3 

Other 110 5.3 

Total 2,095 100.0 

 

Table 4.22 Membership of environmental organisation.  

 Frequency Percent 

   

Member 661 26.5 

Not a member 1,835 73.5 

Total 2,496 100.0 

 

Table 4.23 Awareness of development plans for the ZPP. 

 Frequency Percent 

   

Aware 368 14.7 

Not aware 2,128 85.3 

Total 2,496 100.0 
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Table 4.24 Opinions regarding ZPP development plans. 

 Frequency Percent 

   

In favour 102 27.7 

Not in favour 173 47.0 

No opinion 93 25.3 

Total 368 100.0 

 

Table 4.25 Number of responses per questionnaire version. 

Version Frequency Percent 

   

1 420 16.8 

2 427 17.1 

3 393 15.7 

4 416 16.7 

5 412 16.5 

6 428 17.1 

Total 2,496 100.0 

 

Table 4.26 Level of difficulty in interpreting choice maps. 

 Frequency Percent 

   

Very easy 246 9.9 

Easy 1,010 40.5 

Neither easy nor difficult 843 33.8 

Difficult 360 14.4 

Very difficult 37 1.5 

Total 2,496 100.0 

 

Table 4.27 Choice making process. 

 Frequency Percent 

   

All aspects simultaneously 420 16.8 

Small number of aspects 1,143 45.8 

One aspect 359 14.4 

Intuition 434 17.4 

Random choice 112 4.5 

Other 28 1.1 

Total 2,496 100.0 
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Table 4.28 Difficulty experienced in making choices. 

 Frequency Percent 

   

Very easy 103 4.1 

Easy 704 28.2 

Neither easy nor difficult 1,027 41.1 

Difficult 613 24.6 

Very difficult 49 2.0 

Total 2,496 100.0 

 

Table 4.29 The influence of attributes on respondents’ decisions (% of respondents that 

indicated that an attribute strongly influenced their decisions). 

Attribute % of respondents 

  

Area of agricultural grassland 30 

Area of water 31 

Area of wetland 36 

Fragmentation of agricultural grassland 11 

Fragmentation of water 13 

Fragmentation of wetland 15 

Road and railway were raised or not 35 

Public access to wetland and water areas 53 

Amount of additional tax  36 

 

Table 4.30 Response times (minutes). 

Mean 106.33 

Mean excluding times over 60 minutes 8.29 

Median 7.01 

Min 0.59 

Max 30,332.37 

Skewness 17.42 

Kurtosis 382.36 
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Figure 4.5 Distribution of response times. 
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Annex 4.4. Multinominal logit models with interaction effects 

Table 4.31 Main effects and interactions with income1. 

Variable Coefficient S.E. P-value 

Water area 2km
2
 0.195*** 0.036 0.000 

Water area 3km
2
 0.058 0.038 0.127 

Wetland area 2km
2
 0.129*** 0.037 0.000 

Wetland area 3km
2
 0.087** 0.036 0.014 

Accessibility 0.469*** 0.025 0.000 

Nature frag. medium -0.046 0.051 0.374 

Nature frag. high -0.016 0.046 0.726 

Infrastructure height 0.146*** 0.025 0.000 

Tax -0.017*** 0.001 0.000 

Income * Water 2km
2
 0.045 0.051 0.375 

Income * Water 3km
2
 0.039 0.053 0.464 

Income * Wetland 2km
2
 0.081 0.052 0.122 

Income * Wetland 3km
2
 0.100** 0.050 0.046 

Income * Accessibility 0.062* 0.035 0.080 

Income * Nature frag. med. 0.020 0.073 0.786 

Income * Nature frag. high. -0.032 0.064 0.620 

Income * Infrastructure 0.018 0.036 0.609 

Income * Tax 0.004*** 0.001 0.000 

    

Iterations completed 5   

Log likelihood -9,373.517   

R2 adjusted 0.10   

N 14,964   

***, **, * = statistical significance at 1%, 5% and 10%, respectively 

1  
Income is defined in two categories: 0 if < €2500; 1 if > €2500. 
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Table 4.32 Main effects and interactions with education1. 

Variable Coefficient S.E. P-value 

Water area 2km
2
 0.173*** 0.035 0.000 

Water area 3km
2
 0.046 0.036 0.205 

Wetland area 2km
2
 0.127*** 0.036 0.000 

Wetland area 3km
2
 0.068** 0.034 0.048 

Accessibility 0.483*** 0.024 0.000 

Nature frag. medium -0.040 0.050 0.430 

Nature frag. high -0.027 0.044 0.538 

Infrastructure height 0.131*** 0.024 0.000 

Tax -0.017*** 0.001 0.000 

Education * Water 2km
2
 0.091* 0.051 0.073 

Education * Water 3km
2
 0.065 0.053 0.225 

Education * Wetland 2km
2
 0.091* 0.052 0.080 

Education * Wetland 3km
2
 0.146*** 0.050 0.004 

Education * Accessibility 0.038 0.036 0.283 

Education * Nature frag. med. 0.013 0.073 0.861 

Education * Nature frag. high. -0.002 0.064 0.977 

Education * Infrastructure 0.050 0.036 0.161 

Education * Tax 0.004*** 0.001 0.000 

    

Iterations completed 5   

Log likelihood -9,370.518   

R2 adjusted 0.10   

N 14,964   

***, **, * = statistical significance at 1%, 5% and 10%, respectively 

1
  Education is defined in two categories: 0 if middle vocational education or lower; 1 if higher. 
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Table 4.33 Main effects and interactions with gender1. 

Variable Coefficient S.E. P-value 

Water area 2km
2
 0.184*** 0.036 0.000 

Water area 3km
2
 0.073** 0.037 0.049 

Wetland area 2km
2
 0.164*** 0.037 0.000 

Wetland area 3km
2
 0.147*** 0.035 0.000 

Accessibility 0.422*** 0.025 0.000 

Nature frag. medium -0.098* 0.051 0.056 

Nature frag. high -0.061 0.045 0.178 

Infrastructure height 0.139*** 0.025 0.000 

Tax -0.015*** 0.001 0.000 

Gender * Water 2km
2
 0.070 0.051 0.168 

Gender * Water 3km
2
 0.009 0.053 0.866 

Gender * Wetland 2km
2
 0.011 0.052 0.826 

Gender * Wetland 3km
2
 -0.021 0.050 0.672 

Gender * Accessibility 0.154*** 0.035 0.000 

Gender * Nature frag. med. 0.124* 0.073 0.088 

Gender * Nature frag. high. 0.055 0.064 0.387 

Gender * Infrastructure 0.035 0.036 0.324 

Gender * Tax 0.000 0.001 0.834 

    

Iterations completed 5   

Log likelihood -9,375.548   

R2 adjusted 0.10   

N 14,964   

***, **, * = statistical significance at 1%, 5% and 10%, respectively 

1
  Gender is defined in two categories: 0 if male; 1 if female 
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Table 4.34 Main effects and interactions with ZPP residence1 . 

Variable Coefficient S.E. P-value 

Water area 2km
2
 0.279*** 0.065 0.000 

Water area 3km
2
 0.066 0.068 0.331 

Wetland area 2km
2
 0.147** 0.066 0.025 

Wetland area 3km
2
 0.126* 0.064 0.051 

Accessibility 0.503*** 0.045 0.000 

Nature frag. medium -0.036 0.093 0.701 

Nature frag. high -0.045 0.082 0.584 

Infrastructure height -0.014 0.045 0.757 

Tax -0.019*** 0.001 0.000 

Resident * Water 2km
2
 -0.073 0.071 0.301 

Resident * Water 3km
2
 0.014 0.074 0.851 

Resident * Wetland 2km
2
 0.028 0.071 0.693 

Resident * Wetland 3km
2
 0.016 0.070 0.821 

Resident * Accessibility -0.004 0.049 0.936 

Resident * Nature frag. med. 0.000 0.101 0.996 

Resident * Nature frag. high. 0.018 0.089 0.838 

Resident * Infrastructure 0.201*** 0.049 0.000 

Resident * Tax 0.005*** 0.002 0.001 

    

Iterations completed 5   

Log likelihood -9370.203   

R2 adjusted 0.10   

N 14964   

***, **, * = statistical significance at 1%, 5% and 10%, respectively 

1
  Residence of the ZPP is defined in two categories: 0 if ZPP resident; 1 if not a ZPP resident. 
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Table 4.35 Main effects and interactions with visit frequency1. 

Variable Coefficient S.E. P-value 

Water area 2km
2
 0.291*** 0.085 0.001 

Water area 3km
2
 0.006 0.089 0.950 

Wetland area 2km
2
 0.144* 0.086 0.096 

Wetland area 3km
2
 0.058 0.084 0.489 

Accessibility 0.561*** 0.059 0.000 

Nature frag. medium 0.002 0.121 0.990 

Nature frag. high -0.114 0.107 0.286 

Infrastructure height -0.006 0.059 0.914 

Tax -0.017*** 0.002 0.000 

Visit * Water 2km
2
 -0.033 0.036 0.362 

Visit * Water 3km
2
 0.032 0.038 0.396 

Visit * Wetland 2km
2
 0.012 0.037 0.750 

Visit * Wetland 3km
2
 0.036 0.036 0.318 

Visit * Accessibility -0.028 0.025 0.277 

Visit * Nature frag. med. -0.017 0.052 0.745 

Visit * Nature frag. high. 0.037 0.045 0.420 

Visit * Infrastructure 0.073*** 0.025 0.004 

Visit * Tax 0.001 0.001 0.215 

    

Iterations completed 5   

Log likelihood -7,887.884   

R2 adjusted 0.09   

N 12,564   

***, **, * = statistical significance at 1%, 5% and 10%, respectively 

1 
Visit frequency is defined in two categories: 0 if the respondent visits the ZPP annually or less of-

ten; 1 if visits monthly or more often. ZPP residents are not included in this analysis.  
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Table 4.36 Main effects and interactions with crossing frequency1. 

Variable Coefficient S.E. P-value 

Water area 2km
2
 0.335*** 0.085 0.000 

Water area 3km
2
 0.056 0.089 0.533 

Wetland area 2km
2
 0.255*** 0.087 0.003 

Wetland area 3km
2
 0.248*** 0.084 0.003 

Accessibility 0.561*** 0.059 0.000 

Nature frag. medium -0.064 0.122 0.600 

Nature frag. high -0.070 0.107 0.516 

Infrastructure height 0.021 0.060 0.727 

Tax -0.019*** 0.002 0.000 

Cross * Water 2km
2
 -0.052 0.037 0.154 

Cross * Water 3km
2
 0.010 0.039 0.792 

Cross * Wetland 2km
2
 -0.038 0.038 0.308 

Cross * Wetland 3km
2
 -0.050 0.036 0.167 

Cross * Accessibility -0.028 0.026 0.273 

Cross * Nature frag. med. 0.013 0.053 0.809 

Cross * Nature frag. high. 0.017 0.046 0.713 

Cross * Infrastructure 0.061** 0.026 0.018 

Cross * Tax 0.002** 0.001 0.020 

    

Iterations completed 5   

Log likelihood -9,377.464   

R2 adjusted 0.09   

N 14,964   

***, **, * = statistical significance at 1%, 5% and 10%, respectively 

1
  Crossing frequency is defined in two categories: 0 if annually or less often; 1 if monthly or more  

often. 
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Table 4.37 Main effects and interactions with response time1. 

Variable Coefficient S.E. P-value 

Water area 2km
2
 0.216*** 0.036 0.000 

Water area 3km
2
 0.075** 0.037 0.042 

Wetland area 2km
2
 0.165*** 0.037 0.000 

Wetland area 3km
2
 0.141*** 0.035 0.000 

Accessibility 0.411*** 0.025 0.000 

Nature frag. medium -0.078 0.051 0.126 

Nature frag. High -0.053 0.045 0.238 

Infrastructure height 0.058** 0.025 0.019 

Tax -0.014*** 0.001 0.000 

Minutes * Water 2km
2
 0.003 0.051 0.949 

Minutes * Water 3km
2
 0.007 0.053 0.897 

Minutes * Wetland 2km
2
 0.021 0.052 0.691 

Minutes * Wetland 3km
2
 -0.004 0.050 0.931 

Minutes * Accessibility 0.179*** 0.036 0.000 

Minutes * Nature frag. med. 0.084 0.073 0.249 

Minutes * Nature frag. high. 0.040 0.064 0.529 

Minutes * Infrastructure 0.197*** 0.036 0.000 

Minutes * Tax -0.002** 0.001 0.036 

    

Iterations completed 5   

Log likelihood -9,357.507   

R2 adjusted 0.10   

N 14,964   

***, **, * = statistical significance at 1%, 5% and 10%, respectively 

1
  Response time is defined in two categories: 0 if response time is less than median (7 minutes); 1 if 

response time is 7 minutes or longer. 
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Table 4.38 Main effects and interactions with choice process1. 

Variable Coefficient S.E. P-value 

Water area 2km
2
 0.103* 0.059 0.082 

Water area 3km
2
 -0.132** 0.062 0.033 

Wetland area 2km
2
 0.088 0.061 0.146 

Wetland area 3km
2
 -0.042 0.058 0.471 

Accessibility 0.483*** 0.042 0.000 

Nature frag. medium -0.060 0.082 0.462 

Nature frag. high 0.008 0.075 0.913 

Infrastructure height 0.022 0.042 0.600 

Tax -0.025*** 0.001 0.000 

Choice process * Water 2km
2
 0.140** 0.065 0.033 

Choice process * Water 3km
2
 0.254*** 0.069 0.000 

Choice process * Wetland 2km
2
 0.100 0.067 0.135 

Choice process * Wetland 3km
2
 0.216*** 0.065 0.001 

Choice process * Accessibility 0.031 0.046 0.508 

Choice process * Nature frag. med. 0.021 0.091 0.820 

Choice process * Nature frag. high. -0.068 0.083 0.414 

Choice process * Infrastructure 0.168*** 0.046 0.000 

Choice process * Tax 0.012*** 0.001 0.000 

    

Iterations completed 5   

Log likelihood -9,319.013   

R2 adjusted 0.10   

N 14,964   

***, **, * = statistical significance at 1%, 5% and 10%, respectively 

1
  Choice process is defined in two categories: 0 if respondents considered only one aspect or made a 

random choice; 1 if respondents considered a small number of aspects, all aspects simultaneously, 

or used intuition. 
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Table 4.39 Random parameter for access to natural areas; Normal distribution. Interac-

tions with income, minutes spent completing the questionnaire, education, 

distance to ZPP, frequency of crossing the ZPP, and frequency of visiting the 

ZPP. 

Variable Coefficient S.E. P-value 

    

Random parameters in utility functions   

Accessibility 0.499*** 0.103 0.000 

Non-random parameters in utility functions 

Water area 2km
2
 0.253*** 0.029 0.000 

Water area 3km
2
 0.096*** 0.030 0.001 

Wetland area 2km
2
 0.196*** 0.030 0.000 

Wetland area 3km
2
 0.165*** 0.027 0.000 

Nature frag. medium -0.037 0.042 0.382 

Nature frag. high -0.037 0.033 0.256 

Infrastructure height 0.175*** 0.016 0.000 

Tax -0.017*** 0.000 0.000 

Heterogeneity in mean (Parameter:Variable) 

Access * Income 0.067 0.053 0.203 

Access * Minutes 0.184*** 0.051 0.000 

Access * Education 0.007 0.053 0.892 

Access * Distance 0.038 0.052 0.463 

Access * Crossing frequency -0.032 0.060 0.595 

Access * Visiting frequency -0.034 0.058 0.560 

Derived standard deviations of parameter distributions 

NsAcc 1.987*** 0.076 0.000 

    

Iterations completed 28   

Log likelihood -9,179.550   

R2 adjusted 0.11   

N 14,964   

***, **, * = statistical significance at 1%, 5% and 10%, respectively 
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Table 4.40 Random parameter for access to natural areas; Normal distribution. Interaction with 

direct use of natural areas. 

Variable Coefficient S.E. P-value 

    

Random parameters in utility functions   

Accessibility 0.547*** 0.031 0.000 

Non-random parameters in utility functions 

Water area 2km
2
 0.253*** 0.029 0.000 

Water area 3km
2
 0.096*** 0.030 0.001 

Wetland area 2km
2
 0.196*** 0.030 0.000 

Wetland area 3km
2
 0.164*** 0.027 0.000 

Nature frag. medium -0.037 0.042 0.385 

Nature frag. high -0.037 0.033 0.267 

Infrastructure height 0.175*** 0.016 0.000 

Tax -0.017*** 0.000 0.000 

Heterogeneity in mean (Parameter:Variable) 

Access *Direct use 0.100* 0.053 0.062 

Derived standard deviations of parameter distributions 

NsAcc 1.997*** 0.076 0.000 

    

Iterations completed 21   

Log likelihood -9,186.492   

R2 adjusted 0.11   

N 14,964   

***, **, * = statistical significance at 1%, 5% and 10%, respectively 
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Table 4.41 Correlations between variables used in interactions with main effects. 

  Income Gender
1 

Cross
3 

Visit
4 

Minutes
5 

Choice process
6 

Education 0.346*** -0.082*** -0.065*** 0.043*** -0.001  0.088*** 

Income  -0.111*** -0.070*** 0.004 -0.027*** 0.066*** 

Gender   0.040*** 0.030*** 0.020*** 0.021*** 

Cross    0.739*** 0.019*** -0.046*** 

Visit     -0.002 -0.043*** 

Minutes      -0.019*** 

*** indicates significance at 1% level 

1
  0 if male; 1 if female 

2
  1 if ZPP resident; 2 if 0-5km; 3 if >5km 

3  
1 if ZPP resident; 2 if monthly or more often; 3 if yearly or never 

4
  1 if ZPP resident; 2 if 1-5 times per year or more often; 3 if less than 1 time per year or never 

5
  Response time in minutes 

6
  0 if respondents considered only one aspect or made a random choice; 1 if respondents considered a small number of aspects, all aspects simultaneously, or used intuition. 
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5. Valuing landscape fragmentation: a spatial hedonic analysis 

The fragmentation of landscapes by transport infrastructure has negative impacts on hu-

man welfare, including values derived from recreational amenity and visual appreciation 

of the landscape. We estimate the impact of landscape fragmentation due to road and rail 

networks in a case study in the south-west Netherlands using a hedonic house price mod-

el, while controlling for other negative and positive externalities associated with 

transport infrastructure. To account for the presence of spatial autocorrelation we use a 

spatial autoregressive error model. Landscape fragmentation is measured using three 

metrics at two different spatial scales. The metrics are total area of green-blue land use, 

number of patches, and length of edge between green-blue land use and transport infra-

structure. These metrics are computed for circular areas with 0.5km and 2km radii 

around each property location. We find evidence of negative effects of landscape frag-

mentation on house prices and that these effects are variable across spatial scales. 

5.1 Introduction 

The hedonic pricing valuation method estimates implicit prices for individual characteris-

tics of bundled goods. The hedonic price function specifies how the market price of the 

good varies as the characteristics vary (Freeman III, 2003). This approach to valuing en-

vironmental impacts had been in use (e.g., Ridker and Henning, 1967) before the theoret-

ical framework for hedonic pricing was formally developed by Griliches (1967, 1971) 

and Rosen (1974).  

There is a large literature that addresses the valuation of landscape characteristics using 

revealed preference methods, and in particular the availability of green open space (see 

chapter 3). Prominent examples of hedonic pricing valuation studies on this topic include 

Hammer et al. (1974), Shonkwiler and Reynolds (1986), Irwin (2002) and Smith et al. 

(2002). The use of GIS to measure spatial variables in hedonic house price analyses has 

become standard practice over the past 15 years (Wyatt, 1996; Can and Megbolugbe, 

1997; Lake et al., 1998, 2000; Brasington and Hite, 2005). There are, however, very few 

hedonic pricing studies that explicitly aim to estimate values associated with landscape 

fragmentation or defragmentation. Notable exceptions are Geoghegan (1997), Kong et al. 

(2007), Cavailhes et al. (2009), and Kuethe (2009) which are described in chapter 2. 

The application of the hedonic pricing method to residential property prices offers a use-

ful approach for the valuation of landscape fragmentation. The premise behind our hedon-

ic pricing study is that house buyers base their decisions, in part, on the characteristics of 

the area surrounding a property, including the degree to which the surrounding landscape 
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is fragmented by transport infrastructure. Information on house prices and characteristics 

may therefore reveal households‟ preferences and willingness to pay for (reduced) land-

scape fragmentation. For the purposes of our hedonic pricing analysis it is necessary to 

control for other expected influences of transport infrastructure on house prices. The 

presence of transport infrastructure in the vicinity of a property may be expected to have a 

number of both positive and negative influences on property value. Positives effects relate 

to access to the transport network, associated connectivity to other locations and reduced 

travel times. A substantial literature has addressed this issue, regarding both highway and 

rail network accessibility (see for example Ryan, 1999; Geurs and van Wee, 2004; and 

Geurs et al., 2006).  

Debrezion et al. (2007) conduct a meta-analysis of study results on the impact of railway 

stations on residential and commercial property values. The magnitude and sign of the ef-

fect of railway station proximity found in the studies underlying the meta-analysis are 

mixed. There is evidence of both positive and negative effects and the magnitude of the 

effect varies widely. The results of the meta-analysis indicate an overall positive effect 

that varies with type of property, type of station/railway, and distance between property 

and station. They also find evidence that the omission of accessibility to highways leads 

to an over-estimate in the estimated effect of station proximity. Studies that examine the 

impact of highway accessibility include Des Rosiers et al. (2000), Carey and Semmons 

(2003), and Eliasson (2008).  

Regarding the adverse effects of proximity to transport infrastructure on property values, 

there are a number of associated negative externalities, including air pollution, noise, and 

safety. There is also a substantial literature that examines the value of these effects. For 

example Nelson (1982) provides an early overview of the impact of highway noise on 

property values. Other studies that examine the influence of road noise and visual intru-

sion include Lake et al. (1998) and Bateman et al. (2001). Studies that focus on air pollu-

tion include Atkinson (1971), Appel (1980), Brucato et al. (1990), Smith and Huang 

(1995). 

In addition to property and neighbourhood characteristics, the price of a house may be in-

fluenced by other characteristics or processes that follow a spatial pattern. The presence 

of such effects on house prices leads to spatial autocorrelation in hedonic house price 

models and provides a motivation for using spatial econometric procedures. One potential 

spatial process is that the price of a house can be influenced by the sale prices of similar 

houses in the neighbourhood, for example if real estate agents base their valuations and 

advice on recent sales of similar properties. This can cause price interaction effects or 
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price spillovers between neighbouring properties. As a consequence, house price data 

may exhibit spatial dependence. Another potential spatial process in house price data is 

the presence of spatially correlated characteristics that are unobservable or omitted from 

the hedonic model. Such un-modelled spatial heterogeneity may also lead to spatial auto-

correlation. The non-independence of house price observations and the concomitant clus-

tering of residuals by location/spatial characteristics (e.g., neighbourhood, sub-market 

etc.) violates the assumptions underlying ordinary least squares, and results in biased 

and/or inefficient parameter estimates (Anselin, 1988). In recognition of this, there has 

been a considerable development of methods to improve the use of spatial data and a rap-

id growth in the number of publications in which spatial econometric techniques are ap-

plied (Anselin, Florax, and Rey, 2004). 

The aim of this study is to apply spatial hedonic methods to estimate values for the impact 

of landscape fragmentation due to transport infrastructure. In a case study in the south-

west Netherlands we estimate the impact of landscape fragmentation due to road and rail 

networks in a hedonic house price model, while controlling for other negative and posi-

tive externalities associated with transport infrastructure. We measure landscape fragmen-

tation using three different metrics and at varying spatial scales to examine the im-

portance of scale to preferences for landscape characteristics. We test for the presence of 

spatial autocorrelation in the hedonic model and apply a series of alternative model speci-

fications to account for these effects.  

The structure of this chapter is as follows. Section 5.2 describes the study site and section 

5.3 provides details of the data sources, variable definitions, summary statistics and the 

modelling of landscape fragmentation. Section 5.4 describes the hedonic pricing estima-

tion methodology and the model specification strategy. Section 5.5 presents the results 

and section 5.6 provides a discussion and conclusions. 

5.2 Study site 

The selected study site is a 200km2 area around the town of Gouda at the southern edge of 

the so-called Groene Hart (Green Heart) in the south-west of the Netherlands. Figure 5.1 

presents a map of the study site. This site was selected for several reasons. Firstly, it con-

tains a mix of different land uses that are of interest to this study (i.e., urban, rural, high-

way, railway, and main road); secondly the area contains spatially varying degrees of 

fragmentation; and thirdly, data representing this area (both in terms of number of house 

sales and spatial characteristics) does not exceed computational limits.26  

                                                   
26

  The two computational constraints in processing data for the analysis described in this chapter 

are firstly the calculation of fragmentation metrics using Fragstats software (see Annex I) and 

secondly the estimation of spatial autoregressive models using the R software (see section 5.5).  
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Figure 5.1 Map of study site. 

5.3 Data description 

The units of analysis in this hedonic pricing study are house sales. The data required for 

this analysis include information on transaction prices, house characteristics, neighbour-

hood characteristics, accessibility to the road and rail networks, transport related noise 

pollution, and the extent of landscape fragmentation in the vicinity of each property. A 

number of different sources were used to obtain this data. Table 5.1 presents a list of vari-

ables and data sources. 



 

 

117 

Table 5.1 Data used in hedonic pricing analysis. 

Feature Variable Year Source 

Houses Price 2004-05 NVM 

 Characteristics 2004-05 NVM 

Neighbourhood Various  CBS 

Road Location 2004 Top10 vector  

 Noise 2003 PBL 

Rail Location 2004 Top10 vector, ProRail 

 Noise 2000-04 MNP, AEA, dBvision 

Acronyms:  

NVM: Nederlandse Vereniging van Makelaars (Dutch Association of Estate Agents) 

CBS: Centraal Bureau voor de Statistiek (Statistics Netherlands) 

PBL: Planbureau voor de Leefomgeving (Netherland Environmental Assessment Agency) 

AEA: AEA Technology Rail 

 

Property transaction data were obtained from the Dutch Association of Real Estate Bro-

kers and Real Estate Experts (Nederlandse Vereniging voor Makelaars en Vast-

goeddeskundigen – NVM). We use transaction data for the years 2004 and 2005. For our 

study site, this provides us with a sample size of 3,012 transactions. We use a GIS to link 

information on neighbourhood characteristics (including accessibility and fragmentation 

variables) to individual properties. It should be noted that the location information that we 

have for each house transaction is the 6-digit postcode (PC6) and not the address or point 

location of the property. In order to represent the location of each property in a GIS, we 

assign the coordinates of the applicable PC6 area to each property. Data on the coordi-

nates of PC6 areas were purchased from Geodan (www.geodan.nl). These data are gener-

ated from the position of the houses within each PC6 area. Each PC6 area is assigned the 

coordinates of the house with a position closest to the average coordinates of all houses in 

the postcode area (Falk, 2006). 

This location information creates a potential source of error in the calculation of variables 

that are spatially defined. Such variables include: distances to stations and highway ac-

cess points, road and rail noise, areas of different land use classes in the vicinity of each 

property, fragmentation metrics, and spatial weights matrices. Measurement error in ex-

planatory variables can cause both bias and imprecision in the estimation of slope coeffi-

cients (so-called error in variables problem or regression dilution). The scale of the error 

in measuring these variables is related to the relative scale of the 6-digit postcode area 

and the spatial scale over which each variable is defined. If the 6-digit postcode area is 

small relative to the spatial scale of the variable, the error in the measurement of that var-

iable is also likely to be small (i.e., the value of a variable measured at the position of the 

representative property for the PC6 area will not be greatly different had it been measured 

at the actual (unknown) location of the property). An alternative approach to approximat-

ing the location of each property would be to randomly assign locations within each 6-
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digit postcode area. This approach has the attraction of generating a more even distribu-

tion of property locations and avoids the occurrence of properties sharing the same loca-

tion (this is an important issue for the generation of spatial weights matrices using Thies-

sen polygons – see Annex 5.2). The disadvantage is that a randomly assigned location 

could potentially be very far from the actual location. We therefore opt to use the PC6 po-

sitions as described above since this approach minimises the maximum potential differ-

ence between assigned and actual location. 

A full list of variables and definitions included in the hedonic price regression analyses is 

given in Table 5.2. In addition to the usual variables describing house characteristics (e.g., 

floor area, number of rooms, build period, type of house, parking) and neighbourhood 

characteristics (e.g., proximity to town centre and percentage of foreign inhabitants) we 

also included a number of variables to control for transportation related effects. Road and 

rail noise are modelled variables obtained from the Netherlands Environmental Assess-

ment Agency (PBL). Distance from each PC6 position to the nearest train station and 

highway ramp is calculated using a GIS.  

The concept of landscape fragmentation is complex and can be defined and measured in a 

variety of ways (see chapter 2). In this study we define land uses that cause landscape 

fragmentation to be road and rail transport networks and the land uses being fragmented 

as green-blue areas (i.e., agriculture, nature, and water areas). We measure landscape 

fragmentation in the vicinity of each property using three metrics: 1. the area of green-

blue land use; 2. the number of patches of green-blue land use; 3. the total length of patch 

edge between green-blue land classes and transport infrastructure. The average patch size 

was also computed for the property transaction data set but not included in the hedonic 

pricing analysis due to this metric being highly correlated with the other fragmentation 

metrics (see Table 2.2). 

As discussed in chapter 2, the total area of green-blue land use represents the availability 

of the target land use in the landscape. It is important to control for this variable in order 

to identify the effects of the other fragmentation metrics. The number of patches indicates 

the extent to which the green-blue land uses in a landscape are split into separate patches. 

For a given total area of green-blue land use, a higher number of patches indicates a 

greater degree of fragmentation. The number of patches metric may also capture the 

availability of substitute green open spaces in the landscape. As such, this metric may be 

useful for identifying whether people have preferences for multiple alternative green are-

as or prefer fewer more contiguous areas. The total length of edge between patches of 
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green-blue land uses and transport infrastructure is used to capture the extent to which an 

area of open space is exposed to external disturbances from transport.  

Each fragmentation metric is computed for a circular area around the coordinates of the 6-

digit postcode area in which each property is located for varying radii (200m, 500m, 1km, 

and 2km). By measuring fragmentation at different scales we intend to be able to pick up 

differences in preferences for fragmentation over varying spatial scales. The process by 

which these fragmentation metrics are generated is described in detail in Annex 5.1. Fig-

ure 5.2 presents the distribution of green-blue area across the sample at the four spatial 

scales. Figure 5.3 presents the distribution of the number of patches of green-blue area 

across the sample at the four spatial scales. Figure 5.4 presents the distribution of total 

edge across the sample at the four spatial scales. Each metric shows a sufficiently dis-

persed distribution of values across the sample except for the 200m radius spatial scale, 

for which a large proportion of properties has very low or zero values for these metrics. 

One explanation for the lack of variation in fragmentation metrics measured at 200m ra-

dius from each property is that many of the properties in our data set are located in 

(small) urban areas. The 200m radius area around most of these properties is therefore ur-

ban land use. We therefore do not include fragmentation metrics measured at this scale in 

the hedonic model. There is also high correlation between the values of each fragmenta-

tion metric measured at „adjacent‟ scales. We therefore include metrics measured at only 

two spatial scales in the hedonic pricing analysis, namely 500m and 2km. We also note 

that correlation between fragmentation metrics generally falls as the scale over which 

they are calculated increases. 
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Figure 5.2 Distribution of green-blue area values at four spatial scales. 
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Figure 5.3 Distribution of number of patches of green-blue land use at four spatial 

scales. 
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Figure 5.4 Distribution of total edge at four spatial scales. 
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Table 5.2 Variable definitions and mean values. 

Variable Definition Mean 

   

House characteristics   

Transaction price Transaction price in Euros (ln) 12.35 

Interior area Interior area in m
2
 (ln) 4.76

1 

Number of pantries Number of pantries 0.13
1 

Number of WCs Number of WCs 4.00 

Number of bathrooms Number of bathrooms 1.00 

Property is freehold Property is freehold 0.41 

Build period 1906-1930
27

 Build period 1906-1930 0.13 

Build period 1981-1990 Build period 1981-1990 0.17 

Build period 1991-2000 Build period 1991-2000 0.13 

Year of sale 2005 Dummy variable: 1 if sold in 2005; 0 if 2004 0.51 

Single family house Dummy variable: 1 if single family house; 0 otherwise 0.60 

Canal house Dummy variable: 1 if canal house; 0 otherwise 0.01 

Town house Dummy variable: 1 if town house; 0 otherwise 0.07 

Farm house Dummy variable: 1 if farm house; 0 otherwise 0.00 

Bungalow Dummy variable: 1 if bungalow; 0 otherwise 0.02 

Villa Dummy variable: 1 if villa; 0 otherwise 0.03 

Country house Dummy variable: 1 if country house; 0 otherwise 0.00 

Ground floor flat Dummy variable: 1 if ground floor flat; 0 otherwise 0.02 

Gallery flat Dummy variable: 1 if gallery flat; 0 otherwise 0.09 

Garage Dummy variable: 1 if garage; 0 otherwise 0.13 

Parking space Dummy variable: 1 if parking space; 0 otherwise 0.06 

Car port Dummy variable: 1 if car port; 0 otherwise 0.02 

Garage for multiple cars Dummy variable: 1 if garage for multiple cars; 0 otherwise  0.02 

Neighbourhood characteristics   

Percentage foreign inhabitants  Percentage foreign inhabitants in neighbourhood 8.87 

Distance to nearest station Distance to nearest intercity station in meters (ln) 7.94
1 

Distance to nearest highway ramp Distance to nearest highway ramp in meters (ln) 7.38
1 

Road noise Road noise (db) 51 

Rail noise Rail noise (db) 44 

1
  Values in natural logarithms 

 
 

 

                                                   
27

  The omitted category of build period is pre-1906, 1931-1980, and post-2000. The estimated 

coefficients of these build periods were not statistically significantly different.  
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Table 5.2 continued. 

Variable Definition Mean 

   

Fragmentation characteristics   

Green-blue land use 500m radius Area of green-blue land use within 500m radius in m
2
 (ln) 12.19

1
 

Green-blue land use 2km radius Area of green-blue land use within 2km radius of each proper-

ty in m
2
 (ln) 15.77

1
 

Number of patches 500m radius Number of patches of green-blue land use within 500m radius 

of each property (ln) 2.08
1
 

Number of patches 2km radius Number of patches of green-blue land use within 2km radius 

of each property (ln) 4.14
1
 

Total edge 500m radius Total length of edge between green-blue and transportation 

land uses within 500m radius in meters (ln) 7.68
1
 

Total edge 2km radius Total length of edge between green-blue and transportation 

land uses within 2km radius in meters (ln) 10.70
1
 

1
 Values in natural logarithms 

 

5.4 Spatial process models and specification strategy 

The spatial dependence or correlation of house prices can be modelled in a number of dif-

ferent ways. If the price of a house is considered to be partially determined by the prices 

of surrounding houses, a spatially autoregressive specification may be useful. An im-

portant distinction between autoregressive specification in time-series analysis and spatial 

analysis is that with spatial data the dependence between observations will generally be 

multi-directional. A convenient way to operationalise spatial dependence among observa-

tions is to use spatial weight matrices. There are many ways of specifying spatial depend-

ence, depending on the type of variable being modelled. With regard to house prices, the 

spatial weight matrix could be specified using the houses that were sold recently in the 

neighbourhood. Lesage and Pace (2004) provide the following list of alternative ap-

proaches for specifying the connectivity structure of the spatial weight matrix: 

1. Spatially contiguous neighbours; 

2. Inverse distances raised to some power; 

3. Lengths of shared borders divided by the perimeter; 

4. Bandwidth as the mth nearest neighbour; 

5. Ranked distances; 

6. Constrained weights for an observation equal to some constant; 

7. All centroids within distance d; 

8. m nearest neighbours; 

9. m nearest neighbours with decay. 
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The matrix product Wy, where W is the spatial weight matrix and y is a vector containing 

the dependent variable, gives an n by 1 vector called the „spatial lag‟ of y. In the context 

of house prices, Wy will contain a series of average house prices around each house if W 

is row-standardised.28 

Anselin (1988) popularised a set of spatial regression models that utilise spatially lagged 

variables. In general form, these models can be represented by: 

             

 

          

 

          
    

         

where X  is an n by k matrix containing k explanatory variables; , , , and   
  are pa-

rameters to be estimated; and W and D represent n by n non-negative spatial weight ma-

trices with zeros on the diagonal. This model allows for spatial autoregressive depend-

ence in both the dependent variable vector y and the errors. Setting  = 0 removes the spa-

tially lagged disturbance term, resulting in a model in which the spatial dependence is 

modelled as occurring in y (spatial lag model). Alternatively, setting  = 0 eliminates the 

spatially lagged dependent variable Wy, giving a model in which the disturbances follow 

a spatial autoregressive process (spatial error model). In the spatial lag model, both the di-

rect and indirect effects of spatial processes are captured through a spatial multiplier (An-

selin, 2003). In the spatial error model, on the other hand, spatial autocorrelation is as-

sumed to be caused by omitted variables that follow a spatial pattern (Won Kim, Phipps 

and Anselin, 2003). 

It is also possible to add spatial lags of the explanatory variables, taking the form WX, as 

additional explanatory variables. The disturbance term can also be characterised by a 

moving average process rather than an autoregressive process (Haining, 1978; Sneek and 

Rietveld, 1997). This variety of alternative specifications raises the question of which 

specification is most appropriate for a particular data set. Florax and Folmer (1992) use a 

sequential testing procedure to select the model specification (see also Florax, Folmer, 

and Rey, 2003). 

Lesage and Pace (2004) outline a number of alternative estimation approaches that have 

been applied to the analysis of spatial regression models represented by (1). These include 

maximum likelihood, instrumental variables (IV), and generalised method of moments 

                                                   
28

  Row standardisation ensures that each row in the weights matrix sums to 1, which is done by 

dividing unit elements by row sums (LeSage, 1993). 
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(GM). The specification strategy for our analysis is to first apply a set of diagnostic tests 

for spatial autoregressive dependence in the dependent variable and/or the error process. 

We then select from alternative specifications to control for the spatial autocorrelation, if 

identified (Anselin et al., 1996). We define a spatial weights matrix by specifying a first-

order neighbour connectivity structure using Thiessen polygons to represent each proper-

ty. For data points (properties) that share the same postcode we generate individual loca-

tion co-ordinates by following a coordinate displacement procedure described by Stinch-

comb (2004), which is explained in Annex 5.2. Thiessen polygons were generated for 

each point location using ArcView software and then used to identify neighbouring prop-

erties. The creation of the weights matrix is described in detail in Annex 5.2. 

5.5 Estimation results 

The first step in our specification strategy for estimating appropriate hedonic models is to 

test for spatial autocorrelation in the data through the use of a set of diagnostic tests.29 The 

results are presented in Table 5.3. The Moran‟s I statistic indicates that residuals are in-

deed spatially correlated. To provide an indication of which specification of spatially au-

toregressive model is appropriate, we use Lagrange multiplier error and lag tests. These 

indicate that both processes may be relevant, although the LM error statistic is higher. 

The robust LM tests (accounting for the potential presence of a spatial lag or spatial error 

when testing for spatial error or spatial lag respectively) show that the spatial error model 

is likely to be the most appropriate specification.  

Table 5.3 Diagnostics for spatial dependence. 

Test Statistic P 

   

Moran‟s I 5.441 0.00000 

LM Error 28.099 0.00000 

LM Error (robust) 15.672 0.00008 

LM Lag 14.964 0.00011 

LM Lag (robust) 2.537 0.11120 

SARMA 30.636 0.00000 

 

The results for the estimated spatial error model are presented in Table 5.4. For purposes 

of comparison we include the OLS results as well. Only the estimated coefficients on 

transport access, noise pollution, fragmentation, and spatial autoregressive effects are pre-

sented for the sake of brevity. The full table of results with all explanatory variables is 

presented in Table 5.9 in Annex 5.3 and includes estimation results for OLS, spatial error 

                                                   
29

  All diagnostic tests and regression models are estimated using R statistics environment 

(http://www.r-project.org/) see also Bivand et al. (2008). 
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(with ML and GM), spatial lag with (ML, IV, and IV robust), and a model allowing both 

spatial dependence and a spatial autoregressive process in the error term (a so-called 

ARAR model). Although we find evidence of significant spatial autocorrelation (the es-

timated coefficient on the spatial parameter λ is significant at the 1% level), the estimated 

coefficients and standard errors for the explanatory variables are reasonably consistent 

across the Error ML and OLS models. We focus our interpretation of results on the Error 

ML model. 

The hedonic price model is estimated using a semi-log functional form. The main ad-

vantage of using a semi-log functional form over a linear specification is that the estimat-

ed marginal value of a given characteristic can vary proportionally with the transaction 

price.  In addition, estimated coefficients have a straightforward interpretation. Coeffi-

cients measure the constant proportional change in the dependent variable for a one unit 

absolute change in the value of the explanatory variable. For example, one additional 

bathroom results in an increase in transaction price of 8.5%, holding all other characteris-

tics constant. For the explanatory variables expressed as logarithms, the coefficients can 

be interpreted as elasticities, i.e., the percentage change in the dependent variable given a 

percentage point change in the explanatory variable. For example, a 10% increase in the 

interior area of a property results in a 5.9% increase in transaction price, holding all other 

characteristics constant.  

The adjusted R2 of the OLS estimation is 0.82, which is reasonable high and indicates that 

82% of variation in the dependent variable is explained by variation in the explanatory 

variables. All estimated coefficients on structural characteristics have expected signs and 

conform in magnitude with general findings in the hedonic house price literature (see Ta-

ble 5.9).   

The results related to accessibility to highway and railway networks are mixed. The coef-

ficient on the distance to highway ramps has the expected negative sign and is statistically 

significant. Evaluating a change in distance to the closest highway ramp for a property of 

average transaction price and characteristics (see Table 5.2), a 10% increase in distance 

(281m) results in a decrease in value of 0.22% or just over €500. The coefficient on dis-

tance to railway stations on the other hand has a positive sign, which is contrary to expec-

tations since closer access to railway transport would generally be considered a desirable 

attribute of a residential property. A possible reason for the observed effect is that stations 

tend to attract traffic and other sources of disturbance, and therefore proximity to a station 

results in a disutility. This coefficient, however, is not significantly different from zero. 
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Table 5.4 Hedonic regression results (constant, transport access, transport externality 

and fragmentation variables only – full model presented in Table 5.9). 

Variable OLS Error ML 

   

Constant 8.696*** 

(0.506) 

8.633*** 

(0.51) 

Distance to highway ramp (ln) -0.020* 

(0.012) 

-0.022* 

(0.012) 

Distance to station (ln) 0.009 

(0.008) 

0.009 

(0.008) 

Road noise (db) -0.001 

(0.001) 

-0.001 

(0.001) 

Rail noise (db) -0.001** 

(0.000) 

-0.001** 

(0.000) 

Area green-blue 500m radius 0.018*** 

(0.006) 

0.016*** 

(0.006) 

Area green-blue 2km radius 0.062** 

(0.029) 

0.072** 

(0.029) 

Number of patches 500m radius  -0.023*** 

(0.007) 

-0.023*** 

(0.007) 

Number of patches 2km radius 0.047*** 

(0.011) 

0.046*** 

(0.011) 

Total edge 500m radius 0.006 

(0.004) 

0.006 

(0.004) 

Total edge 2km radius  -0.058** 

(0.024) 

-0.064*** 

(0.024) 

λ  
0.158*** 

(0.029) 

R2 Adjusted 0.8219  

Log-Likelihood  906.5742 

N 3012 3012 

Significance at the 1%, 5%, and 10% levels is indicated by ***, **, and * respectively. 

 

The coefficients on road and rail noise both have the expected negative signs, although 

the effect of road noise is not found to be statistically significant. Evaluating a change in 

rail noise for the „average property‟, an increase of 10% (4.4 decibels) results in a de-

crease in value by 0.44% or €1,150. This corresponds to a noise depreciation index (NDI) 

value of 0.01, which is towards the lower end of the range of NDI values found in the lit-

erature (see Dekkers (2010) for an overview of NDI values for transport noise). NDI 

measures the percentage decrease in property value for a 1 decibel increase in noise. 

The area of green-blue land uses in the vicinity of a house has a positive influence on the 

transaction price. In proportionate terms, the effect of additional area of green-blue land 

use within a 500m radius has a lower impact on the transaction price than at a 2km radius. 
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A 10% increase (2 ha) in the area of green-blue land use within 500m increases the prop-

erty value by 0.16% or €370, whereas a 10% increase (70 ha) within 2km increases prop-

erty value by 0.72% or €1,655. These percentage changes in area, however, represent dif-

ferent absolute areas. In terms of absolute area, marginal values are higher for green-blue 

land use at closer proximity to a property. The marginal values of a one hectare increase 

in green-blue land use within 500m and 2km are €188 and €24 respectively. This suggests 

that house buyers have a higher preference for green space in the immediate vicinity of 

their homes. This may partly be explained by the relative scarcity of green-blue area at 

this scale. For our sample of houses, the average proportion of land that is green-blue 

within a 500m radius is 25%, whereas the proportion within a 2km radius is 56%. The 

relative abundance of green-blue land use at the larger scale may partly account for the 

lower marginal value of additional area at this scale. 

We observe a difference in preferences for the number of patches of green-blue land use 

at different spatial scales. Controlling for the area of green-blue land use, we find a nega-

tive and statistically significant coefficient on the number of patches within 500m but a 

positive and statistically significant effect at 2km radius. This suggests a difference in 

preferences for landscape fragmentation at different scales, i.e., a preference for continu-

ous land use in the immediate vicinity of a house and a preference for a mix or choice of 

alternative patches of green-blue land use at a larger distance from a property. For the av-

erage property, the effect of one additional patch of green-blue land use within 500m is a 

decrease in property value of €661. At the 2km scale, however, the effect of one addition-

al patch is an increase in property value of €167. Note that patches of green-blue land use 

may be divided by both transport infrastructure and urban land uses. This metric does not 

therefore reflect the degree of fragmentation resulting only from transport infrastructure. 

In order to examine the effect of fragmentation by roads and railways only, we examine 

the length of edge between transport infrastructure and green-blue land use. Again we 

find marked differences between spatial scales, with a significant negative effect of great-

er length of edge at 2km radius but no significant effect at 500m radius. This may reflect 

differences in functional use of green-blue land use at these different scales. Green-blue 

land use within the immediate (500m) vicinity of a property may be of value principally 

for providing pleasant views and green surroundings, and this purpose is not greatly de-

graded by the presence of a road or railway line (noting that other negative externalities 

of transport infrastructure are captured by the noise variables), whereas green-blue land 

use within a larger distance may be used predominantly for recreation, which can be dis-

turbed by increased fragmentation by transport infrastructure. An additional possible rea-

son why we do not find a statistically significant effect for the variable measuring the 

length of edge between green-blue land use and transport infrastructure at the 500m radi-
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us scale is that this variable may also reflect a positive accessibility effect of transport in-

frastructure, and that this effect cancels out any negative effect associated with landscape 

fragmentation. The welfare impact associated with the length of edge between green-blue 

land uses and transportation infrastructure measured at the 2km scale is not unsubstantial. 

For the average property, a 10% increase in the length of edge (4,426m) results in a de-

crease in property value of 0.64% or €1,471. 

To summarise the observed differences in preferences for landscape fragmentation at dif-

ferent scales, we find that within a 500m radius of a property there is a preference for a 

greater area but fewer patches of green-blue land use. Within a 2km radius on the other 

hand there is a preference for a greater area of green-blue land use, more patches, and less 

edge between green-blue land uses and transport infrastructure. 

5.6 Conclusions 

In a case study in the south-west Netherlands we estimate the impact of landscape frag-

mentation due to road and rail networks in a hedonic house price model. Fragmentation is 

measured using three metrics, namely the total area of green-blue land use, the number of 

patches of green-blue land use, and the length of edge between green-blue land uses and 

transport infrastructure. These metrics are computed for circular areas around each prop-

erty location at two different scales, namely 0.5km radius and 2km radius. In order to 

control for other negative externalities and positive effects associated with transport infra-

structure, we include variables for road and rail noise, and accessibility to the highway 

and railway networks. All spatially defined variables are measured for the six-digit post-

code location of each property using a GIS. 

We test for the presence of spatial autocorrelation in the hedonic model and use a spatial 

error model to account for these effects. Correctly specifying this spatial effect in the es-

timated model, however, does not result is substantially different estimated coefficients or 

standard errors. The results of the hedonic price analysis indicate significant negative ef-

fects of landscape fragmentation on house prices and that the effect of fragmentation is 

dependent on the scale at which it occurs. Controlling for the area of green-blue land use, 

the number of patches of green-blue land use within a 500m radius of a property has a 

significant negative impact on the transaction price, whereas the number of patches with-

in a 2km radius has a positive impact. The effect of transport infrastructure forming an 

edge with green-blue land use has a clear negative effect when measured at the scale of 

2km surrounding a property but has no effect when measured at a closer proximity. 
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To give an indication of the size of effects of landscape fragmentation on house prices, 

we provide a numerical example in Table 5.5. We use the estimated Error ML hedonic 

price model to predict the value of the average property (i.e., all characteristics are set at 

their mean values for our sample) for varying levels of fragmentation. We examine two 

alternative cases: one in which fragmentation metrics take the least desirable levels ob-

served in our sample (high fragmentation); and one in which fragmentation metrics take 

the most desirable levels (low fragmentation). The mean, high, and low fragmentation 

levels for each metric are shown in Table 5.5. Under the high fragmentation scenario, the 

property value would be almost €70,000 lower than the mean value. Under the low frag-

mentation scenario, the property value would be almost €60,000 higher than the mean 

value. These scenarios take the extreme fragmentation characteristics represented in our 

sample but show that landscape fragmentation can have a significant influence on proper-

ty values. 

 

Table 5.5 Numerical example of fragmentation effects on house prices 

 Fragmentation characteristics Change in mean house price 

 Mean  High Frag-

mentation 

Low Frag-

mentation 

High Frag-

mentation 

Low Frag-

mentation 

      

Area green-blue 500m 

radius 

195,904 8,001 784,501 -1,857 5,817 

Area green-blue 2km ra-

dius 

7,040,898 3,415,701 12,365,201 -10,714 15,736 

Number of patches 

500m radius  

8 49 1 -24,749 4,253 

Number of patches 2km 

radius 

63 8 133 -15,258 19,196 

Total edge 500m radius 2,159 20 11,810 -885 3,995 

Total edge 2km radius  44,265 90,910  19,660 -15,695 8,279 

      

Mean house price 229,907 160,749 287,182 -69,158 57,275 

 

Comparing our results with those of earlier hedonic pricing studies that examine the ef-

fects of landscape fragmentation on house prices (see the literature review in chapter 2, 

section 2.6) is difficult given differences in the definition and measurement of fragmenta-

tion across studies. One common finding in the literature that is supported by the results 

of the present study is that the scale at which fragmentation metrics are measured matters. 

Geoghegan et al. (1997) measure fragmentation as the perimeter to area ratio of land use 

patches within a 0.1km and 1km radius of each property in their sample. They find a posi-

tive statistically significant result only at the 0.1km radius. Similarly, Cavailhes et al. 
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(2009) find that views of landscape features more than 100-300m away have insignificant 

effects on prices. We also find that preferences for landscape characteristics vary with 

spatial scale, with diminishing WTP for green-blue area with distance, contrasting effects 

of the number of patches at different scales, and only find evidence of edge effects in the 

wider surroundings of a property. In contrast, however, to Geoghegan et al. (1997) and 

Cavailhes et al. (2009) we find statistically significant effects of landscape fragmentation 

at scales greater than 100m, and even up to 2km. The results of these earlier studies sug-

gest that landscape fragmentation is only a concern in the immediate vicinity of a proper-

ty, whereas we find evidence of effects on house prices at a larger scale. 

The only commonality in metrics of landscape fragmentation between the present study 

and the literature is with Cavailhes et al. (2009), who also use the number of patches as an 

explanatory variable in their hedonic pricing model. In their study this metric is defined 

as the number patches of deciduous trees and agricultural land measured at 70m and 70-

280m respectively. They find positive and statistically significant effects for both metrics. 

In other words, they find a positive effect of landscape fragmentation on house prices and 

interpret this as a reflection of preferences for mosaic patterns of scenery. We find, how-

ever, a statistically significant negative effect for the number of patches of green-blue 

land use within a 500m radius and a statistically significant positive effect at 2km radius. 

From our results it appears that house buyers have preferences for contiguous areas of 

green-blue land use in the immediate vicinity of their homes and for mosaic patterns in 

the wider surroundings.     

Our results have implications for the design of landscapes that combine urban and green-

blue land uses and for the design of transport infrastructure. For urban landscape design, 

it appears to be preferable to provide green-blue open space in the immediate vicinity of 

houses as fewer rather than many patches, but that at a larger scale, multiple patches of 

open space are desirable. Regarding the design of transport networks, it is beneficial to 

reduce edge effects with green-blue land uses. The negative welfare implications of land-

scape fragmentation represent an important but complex external cost of transport infra-

structure and an additional important consideration in the design of transport networks.  
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Annex 5.1: Fragmentation metrics 

This section describes the process used for calculating the fragmentation metrics for the 

hedonic pricing analysis. This process comprises of two main steps: 1. classification of 

land use data into required land use classes; 2. calculation of fragmentation metrics. 

 

1. Classification of land use 

We re-classified the Central Bureau of Statistics (CBS) land use map into five land use 

classes representing the land uses that are of interest to our study, namely: transport, ur-

ban, agriculture, nature, and water. Figure 5.1 represents our 5-class land use classifica-

tion. We further reduce the land use classification to three classes by combining agricul-

ture, nature and water into a „green-blue‟ land use class. Figure 5.5 represents the 3-class 

land use classification. Table 5.7 provides the CBS land classification codes and descrip-

tions and our 5-class and 3-class codes and descriptions. The re-classified land use maps 

are input for the calculation of the fragmentation metrics. The reason for specifying a 3-

class classification in addition to the 5-class classification is to allow the calculation of 

the number of patches of green-blue land use and avoid the measurement of fragmenta-

tion of one green-blue land use by another (e.g., the fragmentation of a nature area by wa-

ter).  

2. Calculation of fragmentation metrics 

We calculated the area of each land use class, number of patches, and total length of edge 

of green-blue land use to transport infrastructure at four different radii (200m, 500m, 

1000m, and 2000m) using FRAGSTATS moving window analysis. FRAGSTATS is a 

computer software program designed to compute a wide variety of landscape metrics for 

categorical map patterns (see McGarigal and Marks, 1995). 

Figure 5.7 illustrates the output from FRAGSTATS for the total area of green-blue land 

use within a 2km radius of each grid cell. The grid cell size is 10x10m. In order to reduce 

the data processing time, we restrict the computation of fragmentation metrics to the core 

area of landscape where properties in our data set are located. This is the irregular shaped 

area represented in Figures 5.8-5.10. Grid cells that are shaded white are surrounded by a 

larger total area of green-blue land use whereas those shaded dark have relatively little 

green-blue land use within a 2km radius. 

Figure 5.8 illustrates the number of patches of green-blue land use within a 2km radius of 

each grid cell. Lighter shaded grid cells indicate a higher number patches. Figure 5.9 il-

lustrates the total length of edge between green-blue land use and transport infrastructure 

within a 2km radius of each grid cell. It can be seen that the areas in the middle (where 

there is a confluence of main roads and railway lines) and on the western side of the study 
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area have higher length of edge between green-blue and transport land uses. By compar-

ing Figures 5.9 and 5.10 we can see that the number of patches and the total length of 

edge follow different spatial patterns, which is important for identifying separate effects 

in the hedonic pricing analysis. Indeed there is a small but significant correlation between 

these two fragmentation metrics, as shown in Chapter 2 Table 2.2.  

We ran FRAGSTATS moving window analysis for both re-classified land use maps in 

order to generate fragmentation metrics for agriculture, nature and water separately, and 

in combination as green-blue land use. In calculating the total length of edge metric, we 

specified urban land use as background to ensure that the metric only captured edge be-

tween green blue land use and transport infrastructure. We extracted the relevant grid cell 

data for each PC6 point location using a GIS. In addition to the fragmentation metrics 

calculated within FRAGSTATS, we used the generated data to calculate the mean patch 

size (i.e., land use area divided by number of patches) and edge/area ratio for each radii 

around the PC6 point locations. A full list of fragmentation metrics generated is given in 

Table 5.6. 

Table 5.6  Fragmentation metrics. 

Variable Definition 

  

Area agriculture  Area of agriculture land use (ha) 

Area nature  Area of nature land use (ha) 

Area water  Area of water land use (ha) 

Area green-blue  Area of green-blue land use (ha) 

Patches agriculture  Number of patches of agriculture land use 

Patches nature  Number of patches of nature land use 

Patches water  Number of patches of water land use 

Patches green-blue  Number of patches of green-blue land use 

Total edge agriculture Total length of edge between agriculture and transportation land uses (m) 

Total edge nature Total length of edge between nature and transportation land uses (m) 

Total edge water Total length of edge between water and transportation land uses (m) 

Total edge green-blue Total length of edge between green-blue and transportation land uses (m) 

Mean patch size agriculture Mean patch size agriculture land use (ha) 

Mean patch size nature Mean patch size nature land use (ha) 

Mean patch size water Mean patch size water land use (ha) 

Mean patch size green-blue Mean patch size green-blue land use (ha) 

Edge/area agriculture Edge to area ratio for agriculture land use 

Edge/area nature Edge to area ratio for nature land use 

Edge/area water Edge to area ratio for water land use 

Edge/area green-blue Edge to area ratio for green-blue land use 
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Table 5.7 Land class codes and descriptions. 

CBS land 

class 

codes 

CBS land class descrip-

tion 

5 land 

class 

codes 

5 land class 

description 

3 land 

class 

codes 

3 land class 

description 

10 Railway 11 Transport 11 Transport 

11 Main road 11 Transport 11 Transport 

12 Airport 11 Transport 11 Transport 

20 Residential area 10 Urban 10 Urban 

21 Retail and catering  10 Urban 10 Urban 

22 Public facilities 10 Urban 10 Urban 

23 Socio-cultural facilities 10 Urban 10 Urban 

24 Industrial grounds 10 Urban 10 Urban 

30 Dumping ground 10 Urban 10 Urban 

31 Wreckage ground 10 Urban 10 Urban 

32 Cemetery 12 Nature 15 Green-blue 

33 Extraction site 10 Urban 10 Urban 

34 Construction site 10 Urban 10 Urban 

35 Semi-paved other terrains 10 Urban 10 Urban 

40 Park or public garden 12 Nature 15 Green-blue 

41 Sports park 13 Agriculture 15 Green-blue 

42 Allotment gardens 13 Agriculture 15 Green-blue 

43 Day trip location 12 Nature 15 Green-blue 

44 Accommodation 10 Urban 10 Urban 

50 Cultivation under glass 10 Urban 10 Urban 

51 Other agricultural use 13 Agriculture 15 Green-blue 

60 Forest 12 Nature 15 Green-blue 

61 Dry natural area 12 Nature 15 Green-blue 

62 Wetlands 12 Nature 15 Green-blue 

70 Lake Ijsselmeer 14 Water 15 Green-blue 

71 Closed arm of the sea 14 Water 15 Green-blue 

72 Rhine, Meuse 14 Water 15 Green-blue 

73 Lakes Randmeren. 14 Water 15 Green-blue 

74 Water reservoir 14 Water 15 Green-blue 

75 Water with recreational 

function 14 Water 15 

Green-blue 

76 Water with extraction func-

tion 14 Water 15 

Green-blue 

77 Mud depot 10 Urban 10 Urban 

78 Other waters 14 Water 15 Green-blue 

80 Waddensea, Eems, Dollard 14 Water 15 Green-blue 

81 Eastern Schelde 14 Water 15 Green-blue 

82 Western Schelde 14 Water 15 Green-blue 

83 North Sea 14 Water 15 Green-blue 
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Figure 5.5 Study area with three land use classes. 
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Figure 5.6 House transaction locations. 
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Figure 5.7 Total area of green-blue land use within 2km radius. 
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Figure 5.8 Number of patches of green-blue land use within 2km radius. 
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Figure 5.9 Total edge between green-blue land use and transportation infrastructure 

land use within 2km radius. 
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Annex 5.2: Spatial weights matrix 

Generating the spatial weight matrix consists of three steps: 1. Displacement of property 

location coordinates; 2. Creation of Thiessen polygons for each property in the sample; 3. 

Specification and generation of weights matrix. 

1. Displacement of property location coordinates 

The location information for each property transaction in the NVM data is the 6-digit 

postcode. In order to represent the location of each property in a GIS, we assigned the co-

ordinates of the applicable PC6 area. This approach, however, results in multiple proper-

ties sharing the same coordinates (i.e., all properties in the same 6-digit postcode area). 

This raises a particular problem for the generation of spatial weights matrices for contig-

uous neighbours using Thiessen polygons. In order to generate Thiessen polygons, each 

case requires a unique set of coordinates. We therefore apply a procedure similar to ge-

omasking in order to displace the locations of properties in the same postcode and assign 

unique coordinates. Following Stinchcomb (2004), this procedure comprises the follow-

ing steps: 

 

1. Generate a random distance in the range of 5 to 25 meters for each property trans-

action observation. 

2. Generate a random angle between 0 and 359 degrees for each property transaction 

observation. 

3. Calculate new x coordinate for each property transaction observation: x1 = x0 + 

random distance * cosine(random angle). 

4. Calculate new y coordinate for each property transaction observation: y1 = y0 + 

random distance * sine(random angle). 

 

2. Thiessen polygons 

Thiessen (or Voronoi) polygons define individual areas of influence around each of a set 

of points. Thiessen polygons have the unique property that each polygon contains only 

one input point, and any location within a polygon is closer to its associated point than to 

the point of any other polygon (Voronoi, 1908). Thiessen polygons for the house transac-

tion data were generated using ArcView. Figure 5.10 shows the Thiessen polygons for the 

study area. 
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Figure 5.10 Theissen polygons for the house transaction data. 

 

3. Specification of weights matrix 

The set of Thiessen polygons is used to identify first order neighbours of each property 

using GeoDa 0.9.5-i. To generate a spatial weights matrix, each property needs at least 

one neighbour. Defining weights based on contiguity, the connections between neigh-

bours is set as first order queen connections, i.e., connections between all neighbouring 

polygons that share a border. The characteristics of the weights matrix are given in Table 

5.8 and the distribution of connectivity between properties is presented in Figure 5.11. 

There is one least connected property (with one connection) and 2 highest connected 

properties (with 14 connections). 

An alternative approach to defining the spatial weights matrix is to use distance instead of 

contiguity to identify neighbours. Neighbours for each property can either be identified as 

all properties within a specified distance or as a specified number of nearest properties. 

The disadvantage of the first option is that this will identify a very large number of neigh-

bours for urban properties and potentially very few for rural properties. The second option 

ensures an equal number of neighbours are identified for each property but that potential-

ly some of these neighbours may be very distant in rural areas.  

0 10 205 km
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Table 5.8 Characteristics of weights matrix. 

Number of regions:  3,012 

Number of nonzero links:  17,692 

Percentage nonzero weights 0.195 

Average number of links 5.874   

 

 

 

Figure 5.11 Number of properties in each connectivity class (each class represents the 

number of neighbours in the spatial weights matrix). 
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Annex 5.3: Estimation results 

Table 5.9 Estimation results for hedonic pricing models. 

Variable OLS Error ML Error GM Lag ML Lag IV Lag IV (R) ARAR 

Constant 8.696*** 

(0.506) 

8.633*** 

(0.51) 

8.633*** 

(0.51) 

8.208*** 

(0.515) 

8.38*** 

(0.523) 

8.937*** 

(0.546) 

8.333*** 

( 0.584) 

Interior area (m2) 0.586*** 

(0.016) 

0.587*** 

(0.016) 

0.587*** 

(0.016) 

0.58*** 

(0.016) 

0.582*** 

(0.017) 

0.614*** 

(0.022) 

0.584*** 

(0.023) 

Number of pantries 0.056*** 

(0.011) 

0.057*** 

(0.011) 

0.057*** 

(0.011) 

0.056*** 

(0.011) 

0.056*** 

(0.011) 

0.056*** 

(0.013) 

0.057*** 

(0.013) 

Number of WCs 0.011*** 

(0.003) 

0.012*** 

(0.003) 

0.012*** 

(0.003) 

0.011*** 

(0.003) 

0.011*** 

(0.003) 

0.011*** 

(0.003) 

0.011*** 

(0.003) 

Number of bathrooms 0.088*** 

(0.012) 

0.085*** 

(0.011) 

0.085*** 

(0.011) 

0.088*** 

(0.011) 

0.088*** 

(0.012) 

0.068*** 

(0.017) 

0.086*** 

(0.018) 

Freehold  0.011* 

(0.007) 

0.011 

(0.007) 

0.011 

(0.007) 

0.011* 

(0.007) 

0.011* 

(0.007) 

0.011 

(0.006) 

0.011* 

(0.007) 

Build period 1906-1930 -0.034*** 

(0.011) 

-0.033*** 

(0.011) 

-0.033*** 

(0.011) 

-0.032*** 

(0.011) 

-0.032*** 

(0.011) 

-0.022* 

(0.012) 

-0.032** 

(0.012) 

Build period 1981-1990 0.005 

(0.010) 

0.010 

(0.010) 

0.010 

(0.010) 

0.009 

(0.010) 

0.007*** 

(0.010) 

0.014 

(0.009) 

0.010 

(0.009) 

Build period 1991-2000 0.088*** 

(0.012) 

0.089*** 

(0.012) 

0.089*** 

(0.012) 

0.091*** 

(0.012) 

0.09*** 

(0.012) 

0.095*** 

(0.013) 

0.090*** 

(0.014) 

Year of sale 2005 0.039*** 

(0.008) 

0.038*** 

(0.008) 

0.038*** 

(0.008) 

0.04*** 

(0.008) 

0.04*** 

(0.008) 

0.039*** 

(0.007) 

0.039*** 

(0.008) 

Single family house 0.036*** 

(0.011) 

0.035*** 

(0.011) 

0.035*** 

(0.011) 

0.037*** 

(0.011) 

0.037*** 

(0.011) 

0.03*** 

(0.011) 

0.036*** 

(0.012) 

Canal house 0.3*** 

(0.036) 

0.296*** 

(0.036) 

0.296*** 

(0.036) 

0.297*** 

(0.036) 

0.298*** 

(0.036) 

0.271*** 

(0.05) 

0.296*** 

(0.053) 

Town house 0.238*** 

(0.018) 

0.232*** 

(0.018) 

0.232*** 

(0.018) 

0.24*** 

(0.018) 

0.239*** 

(0.018) 

0.217*** 

(0.023) 

0.235*** 

(0.024) 
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Table 5.9 continued        

        

Variable OLS Error ML Error GM Lag ML Lag IV Lag IV (R) ARAR 

Farm house 0.681*** 

(0.057) 

0.684*** 

(0.057) 

0.684*** 

(0.057) 

0.692*** 

(0.057) 

0.688*** 

(0.057) 

0.703*** 

(0.116) 

0.691*** 

(0.123) 

Bungalow 0.357*** 

(0.028) 

0.351*** 

(0.027) 

0.351*** 

(0.027) 

0.358*** 

(0.027) 

0.358*** 

(0.028) 

0.328*** 

(0.037) 

0.354*** 

(0.039) 

Villa 0.451*** 

(0.025) 

0.446*** 

(0.025) 

0.446*** 

(0.025) 

0.454*** 

(0.025) 

0.453*** 

(0.025) 

0.428*** 

(0.032) 

0.45*** 

(0.034) 

Country house 0.612*** 

(0.055) 

0.609*** 

(0.054) 

0.609*** 

(0.054) 

0.621*** 

(0.054) 

0.618*** 

(0.055) 

0.671*** 

(0.086) 

0.616*** 

(0.089) 

Ground floor flat 0.044* 

(0.026) 

0.045* 

(0.026) 

0.045* 

(0.026) 

0.044* 

(0.026) 

0.044*** 

(0.026) 

0.044* 

(0.026) 

0.045* 

(0.026) 

Gallery flat -0.045*** 

(0.015) 

-0.044*** 

(0.015) 

-0.044*** 

(0.015) 

-0.046*** 

(0.015) 

-0.046*** 

(0.015) 

-0.045*** 

(0.012) 

-0.045*** 

(0.012) 

Garage 0.185*** 

(0.011) 

0.18*** 

(0.011) 

0.18*** 

(0.011) 

0.183*** 

(0.011) 

0.183*** 

(0.011) 

0.191*** 

(0.012) 

0.181*** 

(0.013) 

Parking space 0.084*** 

(0.015) 

0.085*** 

(0.015) 

0.085*** 

(0.015) 

0.083*** 

(0.015) 

0.084*** 

(0.015) 

0.082*** 

(0.017) 

0.085*** 

(0.019) 

Car port 0.163*** 

(0.024) 

0.164*** 

(0.023) 

0.164*** 

(0.023) 

0.162*** 

(0.023) 

0.162*** 

(0.024) 

0.145*** 

(0.029) 

0.164*** 

(0.03) 

Garage for multiple cars 0.293*** 

(0.026) 

0.289*** 

(0.025) 

0.289*** 

(0.025) 

0.291*** 

(0.025) 

0.292*** 

(0.026) 

0.296*** 

(0.043) 

0.290*** 

(0.045) 

Percentage foreign inhabitants  -0.006*** 

(0.000) 

-0.006*** 

(0.000) 

-0.006*** 

(0.000) 

-0.005*** 

(0.000) 

-0.006*** 

(0.000) 

-0.005*** 

(0.000) 

-0.006*** 

(0.000) 

Distance to highway ramp (ln) -0.02* 

(0.012) 

-0.022* 

(0.012) 

-0.0221 

(0.012) 

-0.019*** 

(0.012) 

-0.02* 

(0.012) 

-0.024* 

(0.013) 

-0.021 

(0.014) 

Distance to station (ln) 0.009 

(0.008) 

0.009 

(0.008) 

0.009 

(0.008) 

0.014*** 

(0.008) 

0.012 

(0.008) 

0.022** 

(0.009) 

0.011 

(0.01) 

Road noise (db) -0.001 

(0.001) 

-0.001 

(0.001) 

-0.001 

(0.001) 

-0.001 

(0.001) 

-0.001 

(0.001) 

0.000 

(0.001) 

-0.001 

(0.001) 

Rail noise (db) -0.001** 

(0.000) 

-0.001** 

(0.000) 

-0.001** 

(0.000) 

-0.001** 

(0.000) 

-0.001** 

(0.000) 

-0.001*** 

(0.000) 

-0.001** 

(0.001) 
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Table 5.9 continued        

        

Variable OLS Error ML Error GM Lag ML Lag IV Lag IV (R) ARAR 

Area green-blue 500m radius 0.018*** 

(0.006) 

0.016*** 

(0.006) 

0.016*** 

(0.006) 

0.015** 

(0.006) 

0.016*** 

(0.006) 

0.007 

(0.006) 

0.015** 

(0.007) 

Area green-blue 2km radius 0.062** 

(0.029) 

0.072** 

(0.029) 

0.072** 

(0.029) 

0.052* 

(0.029) 

0.056* 

(0.029) 

0.029 

(0.031) 

0.063* 

(0.034) 

Number of patches 500m radius  -0.023*** 

(0.007) 

-0.023*** 

(0.007) 

-0.023*** 

(0.007) 

-0.023*** 

(0.007) 

-0.023*** 

(0.007) 

-0.021** 

(0.009) 

-0.023*** 

(0.009) 

Number of patches 2km radius 0.047*** 

(0.011) 

0.046*** 

(0.011) 

0.046*** 

(0.011) 

0.044*** 

(0.011) 

0.045*** 

(0.011) 

0.032** 

(0.013) 

0.045*** 

(0.014) 

Total edge 500m radius 0.006 

(0.004) 

0.006 

(0.004) 

0.006 

(0.004) 

0.006 

(0.004) 

0.006 

(0.004) 

0.006 

(0.003) 

0.006* 

(0.004) 

Total edge 2km radius  -0.058** 

(0.024) 

-0.064*** 

(0.024) 

-0.064*** 

(0.024) 

-0.061** 

(0.024) 

-0.06** 

(0.024) 

-0.079*** 

(0.025) 

-0.064** 

(0.025) 

Lambda 
 

0.158*** 

(0.029) 

0.158***  

 
 

0.037** 

(0.017) 

Rho 
   

0.058*** 0.038** 

(0.016) 

0.039*** 

(0.015) 

0.119*** 

(0.033) 

R2 Adjusted 0.822       

Log Likelihood  906.574 906.574 900.055    

Significance at the 1%, 5%, and 10% levels is indicated by ***, **, and * respectively. 
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6. Conclusions 

This final chapter draws together the main conclusions from this thesis. Section 6.1 ad-

dresses the main research conclusions by providing a summary of the findings of each 

chapter in section 6.1.1, and comparing the two valuation methods employed, namely 

choice modelling and hedonic pricing in section 6.1.2. Section 6.2 discusses the policy 

implications of the findings. Section 6.3 sets out some ideas for further research on valua-

tion of landscape fragmentation. 

6.1 Research conclusions 

6.1.1 Summary of research results from each chapter 

Chapter 2 provides a discussion of the concept of landscape fragmentation and describes 

the selection of metrics used in subsequent chapters for valuing fragmentation. In this the-

sis we take an anthropocentric instrumental view of landscapes. The values we estimate 

are related to direct use and non-use by humans and include recreational amenity, visual 

appreciation of the landscape and preservation of cultural/historical landscapes. From an 

ecological perspective, the fragmentation of landscapes by transport infrastructure and 

other factors is recognised as having complex but generally negative implications for a 

number of ecological functions including water filtration and purification, water storage, 

genetic resources, habitat for harvestable flora and fauna, protection against erosion, and 

the storage of carbon. Indirect impacts on welfare associated with the effects of fragmen-

tation on ecological functions are not, however, explicitly addressed in this study.30  

Providing a definition and quantitative measure of fragmentation is not straightforward, 

and the many different ways in which it has been defined and measured in the literature 

(Jaeger, 2000; Serrano et al., 2002; Bissonette and Storch, 2003; Bogaert, 2003; 

McGarigal, 2005b) is testament of the complexity of the problem and of the many differ-

ent perspectives from which it can be viewed. The term fragmentation describes both the 

process by which a given landscape is divided and the state of its division. The process of 

fragmentation essentially describes the division of a large area of a particular land use or 

group of land uses into several smaller areas or patches. The state of fragmentation of a 

landscape describes the area, number, isolation and configuration of patches of a particu-

lar land use within a landscape. The prime causes of landscape fragmentation are the de-

velopment or expansion of urban areas and the construction of line infrastructure, notably 

                                                   
30

  We note that it is possible that individual respondents to the choice experiment valuation study 

may take account of the ecological implications of different states of spatial fragmentation in 

making their choices. 
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roads, rail and canals. In order to define and measure fragmentation it is necessary to 

identify which land uses are considered as „target‟ land uses that are fragmented and 

which land uses cause fragmentation. In this thesis, which is focussed on economic valua-

tion of direct human impacts of landscape fragmentation by transport infrastructure, we 

define the group of fragmented land uses as natural, semi-natural, water, forest and tradi-

tional agriculture. This group of „green-blue‟ land uses embody the notion of multi-

functional rural area. The development of transport infrastructure is often subject to cost-

benefit analysis to assess the welfare impacts of new investments. Such analyses require 

information on the monetary value of landscape fragmentation impacts in order to provide 

a complete assessment of societal costs and benefits. To provide such information, we de-

fine the group of fragmenting land uses as road and rail infrastructure.  

We review a selection of metrics that have been developed for the quantification of land-

scape fragmentation. These range from very simple to reasonably complex measures that 

have been designed to capture various aspects of fragmentation. Generally these metrics 

focus on structural measures of fragmentation whereas the underlying interest is in the 

functional impact. It is therefore important that a fragmentation metric has an intuitive 

functional interpretation. For this reason we select four relatively simple fragmentation 

metrics for use in the valuation applications included in this thesis. The fragmentation 

metrics used are: total area of green-blue land uses, which represents the availability of 

the target land use; average patch size, which reflects the area requirements for different 

recreational/aesthetic uses; number of patches, which captures the contiguity of the target 

land use and availability of substitute sites; and total length of patch edge, which reflects 

the disturbance and visual intrusion from transport infrastructure. In the choice experi-

ment valuation study we include an additional aspect of fragmentation, namely the height 

of transport infrastructure, which enhances the degree of visual intrusion and barrier ef-

fect of transport infrastructure. 

In chapter 2 we also briefly review the economic valuation literature on landscape frag-

mentation. There are currently very few valuation studies that explicitly aim to estimate 

values associated with landscape fragmentation or defragmentation. We review four he-

donic pricing studies (Geoghegan et al., 1997; Kong et al., 2007; Cavailhes et al., 2009; 

and Kuethe, 2009), one contingent valuation study (van der Heide et al., 2008) and a 

choice model study (Johnston et al., 2002). The hedonic pricing studies all make exten-

sive use of GIS to construct measures of landscape fragmentation. A common finding 

from these hedonic pricing studies is that the scale over which fragmentation is measured 

can have an important influence on the magnitude and sign of the effect of fragmentation 
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on house prices. The general finding is that landscape fragmentation has a significant 

negative effect on house prices in the immediate vicinity (100-300m) of a property but is 

of less concern when measured at a larger scale. 

Chapter 3 reviews the results of contingent valuation and hedonic pricing studies that val-

ue urban and peri-urban open space. In separate meta-analyses of the CV and HP litera-

ture we examine the important physical, socio-economic, and study characteristics that 

determine the value of open space. CV studies on urban open space have generally fo-

cussed on valuing specific patches of green space, whereas HP studies have largely fo-

cussed on estimating the effect of distance to open spaces on house prices. Accordingly, 

we define different dependent variables for the meta-analyses of the results from each 

valuation method. The dependent variable in the CV meta-regression is defined as the 

value of open space per hectare per year in 2003 US$. The average value is US$ 13,210 

per hectare per annum and the median is US$ 1,124. The dependent variable in the HP 

analysis is defined as the change in house price for a 100m decrease in distance to open 

space in 2003 US$. The average house price increase due to a decrease in distance from 

open space by 100 metres is 1.37%. The diversity of definitions and measurements of 

open space used in both the CV and HP literatures presented a major challenge to defin-

ing and standardising a common effect size that could be analysed using statistical meta-

analysis. It is for this reason that, although the number of CV and HP studies addressing 

open space is large, the number of studies that yield comparable valuation results is rela-

tively low. 

In terms of socio-economic explanatory variables, we include measures of income and 

population density of the area in which an open space is located. The results of both meta-

analyses provide no evidence of open space being a normal good. The income variables 

in the two meta-regressions are both positive but insignificant, suggesting that the value 

of open space is not related to income levels. This result is somewhat surprising but does 

correspond to the findings of a number of other reviews of this literature (e.g., Deacon 

and Shapiro, 1975; Kline and Wichelns, 1994; and Romero and Liserio, 2002). A pos-

sible explanation for this result is that people prefer to consume more private open space 

(e.g., private gardens) as incomes rise rather than increase their demand for public open 

space. Both regression models produce positive and significant coefficients for population 

density. This variable may represent both the magnitude of aggregate demand for open 

space as well as the scarcity of supply of open space (arguably areas with higher popula-

tion density will have less space available for green-blue land uses). Following either in-

terpretation we would expect a positive relationship between population density and open 

space value, which is confirmed by our results. Green open spaces in densely populated 

urban areas tend to be highly valued, which may justify the high opportunity cost of pre-
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serving them or even developing additional green open spaces. Regarding the relative 

value of different types of open space, we find that urban parks have higher values than 

other types of open space (e.g., agricultural land, forests, and undeveloped land). This 

may be related to better accessibility and the provision of a greater range of services (i.e., 

recreational uses in addition to aesthetic amenities) of urban parks in comparison to other 

green land uses. 

For both the CV and HP data we find that the methodological design of the underlying 

valuation studies has a significant effect on the estimated values. In the CV meta-analysis, 

we find that studies using taxes or donations as the payment vehicle tend to produce sig-

nificantly lower values. Regarding elicitation format, we observe that the use of dichoto-

mous choice or payment cards produces significantly lower values than an open-ended 

format. In the HP meta-analysis we find that the choice of functional form for the hedonic 

price function significantly affects valuation results. Linear specifications produce signif-

icantly higher values than other specifications. The large influence of methodological 

choices in both CV and HP on study outcomes raises the question of which methods pro-

duce the most accurate welfare estimates. This finding also highlights the need for careful 

consideration of methods in both study design and the use of valuation results. 

Using a multi-level modelling approach we control for dependence in valuation results by 

region (countries and US states). We might expect preferences for urban open space to 

vary across regions for a number of reasons. The total supply, availability of substitutes, 

or quality of open space within a region will similarly affect the valuation of all individu-

al sites within a region. We might therefore expect that values within a region will tend to 

be more similar than values from other regions. There are also likely to be important re-

gional differences in attitudes, perceptions, cultural context and historical significance of 

open space. These determinants of the value of open space are difficult to explicitly mod-

el in our meta-analyses so we attempt to account for them in a regional variance compo-

nent. The results show that there are indeed important regional differences in preferences 

for open space. This has implications for the transferability of valuation results across re-

gions. Value transfers across regions are likely to result in higher transfer errors than 

within regions, meaning that transferred values should be treated with appropriate caution 

or that regional differences in preferences need to be controlled for. 

Chapter 4 estimates the value of landscape fragmentation and other landscape characteris-

tics in a case study of the Zuidplaspolder in the south-west Netherlands using a choice 

experiment. The attributes included in the experiment are the size of wetland and water 

areas, the number of patches of these land uses (divided by roads and railway lines), the 
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height of transport infrastructure as raised on dikes or at ground level, accessibility to 

wetland and water areas, and annual municipal tax as a payment vehicle. Landscape 

fragmentation is captured by two attributes representing different aspects of fragmenta-

tion, namely the number of patches of wetland and water area represent the degree of con-

tiguity of these land uses; and the height of transport infrastructure represents visual in-

trusion and barrier effects. We represent the choice cards as maps in order to facilitate 

evaluability or respondent cognition of the attributes and levels. A total of 2,496 respond-

ents completed the questionnaire, which was administered as a web-based survey.  

The results show evidence of non-linear preferences for the size of nature areas in that, 

for the 8km2 study site, respondents prefer to have more water area (both 2km2 or 3km2 

are preferred to 1km2) but than 2km2 is preferred to 3km2. A similar pattern, albeit not 

significant, is observed for wetland area. This finding suggests that people may prefer 

landscapes with a mixture or mosaic of land uses rather than a dominant land use. It ap-

pears that there is a preference for water as a minor component of this mix of land uses. 

Our results do not indicate strong preferences for fragmentation of nature areas as meas-

ured by the contiguity of natural land uses. We do find, however, that respondents have 

strong negative preferences for fragmentation impacts in the form of visual or barrier ef-

fects from transport infrastructure being raised on embankments as opposed to being at 

ground level. By including interaction effects in the model we find that the level of expo-

sure to a barrier, measured as residency or frequency of visits to the study site, is an im-

portant determinant of preferences to avoid it.  Residents and more frequent visitors to the 

Zuidplaspolder (ZPP) have stronger preferences for ground level transport infrastructure. 

Over the spatial scale that we sampled respondents for the survey (within a 15km radius 

of the ZPP), it appears that respondent behaviour in terms of visiting or crossing the ZPP 

has a greater influence on preferences for landscape characteristics within the ZPP than 

distance from place of residence to the study area. In order to identify possible distance 

decay effects, we would have to draw a sample from a larger geographic area. Our results 

indicate strong preferences for public access to nature areas and we calculate average an-

nual household willingness to pay for access to be approximately €33. Using a mixed 

logit model we find evidence of significant heterogeneous preferences for access to nature 

areas and we speculate that this heterogeneity of preferences may derive from respond-

ents being either direct users or non-users of nature areas. Using two approaches to exam-

ine this effect (a mass-point mixed logit estimation; and an interaction term between ac-

cessibility and a dummy variable indicating whether the respondent regularly visits nature 

areas) we find only weak evidence of a distinction in preferences between users and non-

users. The importance of accessibility to natural areas is illustrated in a simple scenario 

analysis of two alternative landscape designs. The two scenarios essentially describe a 
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low value vs. a high value landscape design, with scenario 1 comprising a landscape with 

low area of natural land uses, no access, and raised transport infrastructure and scenario 2 

comprising a larger area of natural land use, open access, and transport infrastructure at 

ground level. We show that approximately half of the estimated total willingness to pay to 

move from scenario 1 to scenario 2 is attributable to the change in public access to nature 

areas, and that approximately 15% is to reduce fragmentation caused by raised transport 

infrastructure. 

Chapter 5 describes an application of the hedonic pricing method to estimate the value of 

landscape fragmentation in a case study of the area around the town of Gouda in the 

south-west Netherlands. In this study, landscape fragmentation is measured as the total 

area of green-blue land uses, the number of patches, and as the length of edge between 

green-blue land uses and transport infrastructure. These metrics are computed using a GIS 

at 500m and 2km radii from each property in order to examine whether preferences for 

landscape characteristics vary over spatial scale, i.e., whether people have different pref-

erences for landscape fragmentation in the immediate vicinity than in the wider surround-

ings of their homes. We control for other potential influences of transport infrastructure 

on house prices by including variables for road and rail noise, and accessibility to the 

highway and railway networks (measured as the distance to highway ramps and stations). 

We test for and identify the presence of spatial autocorrelation in the hedonic model and 

use a spatial error model to account for these effects. The estimated coefficients and 

standard errors in the spatial error model do not, however, differ substantially from an 

OLS specification. 

The results related to road and rail noise are as expected with a negative influence on 

property prices. The effects of access to highway and railway networks on the other hand 

are mixed, with distance to highway ramps having the expected negative effect but dis-

tance to train stations having a positive, albeit insignificant, influence. This could possi-

bly reflect disutility of proximity to stations due to traffic and other disturbances. 

In the results for the fragmentation variables we find evidence that preferences for land-

scape fragmentation vary significantly over spatial scale. We find that the area of green-

blue land uses in the vicinity of a house has a positive influence on the transaction price 

and that the effect varies with the spatial scale at which area is measured. The price elas-

ticity with respect to area of green-blue land use within a 500m radius is lower than the 

price elasticity with respect to area of green-blue within 2km. The availability of open 

space also differs across these two spatial scales with proportionately and absolutely more 

green-blue land use at the 2km scale than at the 500m scale. Evaluating the marginal will-
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ingness to pay for an additional unit of green-blue land use for the „average property‟ in 

our sample (i.e., average transaction price and average characteristics), indicates a higher 

marginal value at the closer scale. The marginal values of a 1 hectare increase in green-

blue land use within a 500m and 2km radius are €188 and €24 respectively. We also find 

a difference in preferences for the number of patches of green-blue land use at different 

spatial scales, with a negative price elasticity for the number of patches within 500m and 

a positive elasticity for the number of patches within 2km. Evaluating marginal values for 

the „average property‟ gives a WTP of €661 to avoid one additional patch of green-blue 

land use within a 500m radius and €167 to obtain one additional patch of green-blue land 

use within a 2km radius. This result reveals a preference for green-blue land uses in the 

immediate vicinity of a property to be contiguous but for separate patches of green-blue 

land use within the wider surroundings. This may also reflect that average patch sizes are 

larger at the 2km scale and therefore meet the desired size for recreational activities. At 

the 500m scale, this may not be the case and so there is a preference for fewer (larger) 

patches instead of more (smaller) patches. Regarding the length of edge between transport 

infrastructure and green-blue land use we observe significant negative effects of higher 

length of edge at 2km radius but no significant effect at 500m radius. For the average 

property, a 10% (4,426m) increase in the length of edge between green-blue land uses and 

transport infrastructure within a 2km radius results in a decrease in property value of 

0.64% or €1,471.That we find no statistically significant edge effect within a 500m radius 

may reflect differences in the functional use of green-blue land use at these different 

scales. Green open space within the immediate surroundings of a property may be of val-

ue principally for providing pleasant views and greenery, and this particular service is not 

necessarily negatively affected if the green-blue open space is bordered by transport in-

frastructure. Green-blue open spaces within the wider surroundings of a house, on the 

other hand, might be mainly valued as recreational sites and that this service is negatively 

affected by the presence of a road or railway line. In a numerical example we illustrate 

the magnitude of the impact of landscape fragmentation on property values by using the 

estimated hedonic price function to predict the value of an average property under vary-

ing levels of fragmentation. Increasing the degree of fragmentation from the average level 

to the highest level observed in our sample would result in lower value by almost 

€70,000. Decreasing the degree of fragmentation from the average level to the lowest lev-

el observed in our sample would result in a higher value by almost €60,000. 

The potential for making direct comparisons between the research findings from the chap-

ters in this thesis is limited since each chapter focuses on different aspects of the valua-

tion of landscape fragmentation. Chapters 3-5 employ different definitions and measure-

ment units for open space. The meta-analysis of CV studies examines the total annual per 
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hectare values of single patches of open space; the HP meta-analysis examines the per-

centage change in the capitalised value of houses for a 100m decrease in distance to open 

space; the CE study estimates annual household WTP for an increase in either water or 

wetland area at the expense of agricultural grassland; and the HP study estimates the per-

centage change in the capitalised value of houses given a percentage change in the area of 

green-blue land use (at the expense of urban or transportation land uses). Standardising 

value estimates from the CV meta-analysis, CE study and HP study to annual household 

WTP for 1km2 of open space gives values of €3, €11 and €130 respectively.31 These 

widely different values reflect the large differences in the goods being valued in each 

case. For example, the CE study values the change between two types of open space, 

whereas the HP study values the change between green-blue land use and urban/transport 

land uses. This comparison of results illustrates the difficulty in comparing valuation re-

sults and also in meaningfully standardising estimates for use in meta-analysis.  

One clearly evident cross-cutting finding from chapters 3-5, however, is the importance 

of scale in preferences for landscape fragmentation. Spatial scale is recognised as an im-

portant issue to the valuation of ecosystem services (Hein et al., 2006) and similarly, the 

spatial scales at which services from green-blue land uses are supplied and demanded 

contribute to the complexity of their valuation and management. On the supply-side, 

green-blue land uses vary in spatial scale (e.g., small individual patches, large continuous 

areas, regional networks) and provide services at varying spatial scales (both on and off-

site). On the demand-side, beneficiaries of ecosystem services also vary in terms of their 

locational distribution.  

In the research described in this thesis we find a number of important scale effects. In the 

meta-analysis of CV estimates of the value of urban open space we observe diminishing 

marginal returns to scale with the size of open space, i.e., that additional units of area in a 

large open space have a lower value than additional units of area in a small open space. In 

the HP meta-analysis we find a significant scale effect with respect to distance to open 

space in terms of a strong negative relationship between the value of open space and dis-

tance to a property. We also find evidence of decreasing marginal returns to decreasing 

distance to open space. In the CE study we do not find a statistically significant distance 

decay effect but that there is a pronounced difference in stated preferences for open space 

between residents and non-residents of the study site. Regarding preferences for the area 

                                                   
31

  The CV meta-analysis value is taken from the meta-analytic value transfer result described in 

chapter 4. The CE value is for a change in wetland area from 1 to 2km
2
. The HP value is as-

sessed for the „average property‟ in our sample and annualised using a time horizon of 50 years 

and discount rate of 5%.     
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of each type of land use included as attributes in the CE, we find evidence of parabolic 

preferences for water area, i.e., that people like water areas up to a point, after which ad-

ditional units are considered a negative characteristic of the landscape. Similar to the find-

ings of the CV meta-analysis, the CE results suggest that the value of additional nature 

area diminishes with scale and may also be influenced by the composition of the land-

scape – with preferences for mixed landscapes over landscapes with a single dominant 

land use. In the HP study we also find evidence of preferences for mixed landscapes in 

the form of a statistically significant positive price elasticity with respect to the number of 

patches of green-blue land use within 2km of a property. The effect of this fragmentation 

metric on property price is reversed when measured within 500m of a property, which 

suggests that preferences for the fragmentation of green-blue land uses also vary with 

scale. 

It is noted that the scale at which landscape fragmentation is measured and valued in this 

study is restricted by the landscape in which we conducted our case studies. The CE and 

HP studies examine only a small densely populated part of the Netherlands. In this region 

there is limited space for large homogeneous plains and patches of green-blue land use 

are small. Our results are therefore specific to this scale and to the characteristics of this 

location. 

6.1.2 Comparison of stated and revealed preference methods 

In this section we attempt to draw some comparisons between the use of stated preference 

and revealed preference methods for valuing landscape characteristics both in terms of the 

results of the specific CE and HP applications described in chapters 4 and 5, and in terms 

of the general applicability of each method to the issue.  

In some respects the CE and HP valuation studies described in chapters 4 and 5 lend 

themselves well to a comparison of results. The study sites for these two applications are 

highly similar. The HP study site contains the CE study site and the area from which the 

samples are drawn are largely over-lapping. This aids comparison between the results of 

the two studies since population characteristics, landscape composition, availability of 

open space, and degree of landscape fragmentation are broadly the same. In addition the 

scales at which fragmentation is measured in the two studies are similar. In the CE study, 

the size of the landscape represented in the choice set is 8km2 with individual patches of 

1km2, while in the HP study we calculate fragmentation metrics for the areas within 2km 

and 500m radii of each property, which is approximately 12.5km2 and 0.8km2 respective-

ly.  

In other respects, the results from these two applications are less suited for comparison. 

The CE study examines trade-offs between the areas and fragmentation of green-blue 
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land uses (water, wetland and agricultural grassland) whereas the HP study classifies the-

se land uses together and examines the influence of their combined area and fragmenta-

tion on house prices. In the CE study the total length of transport infrastructure in the 

landscape, and therefore the landscape level degree of fragmentation, is held constant, 

whereas in the HP study we specifically examine the variation in landscape level frag-

mentation for each property. As discussed in chapter 3, we would also expect the CE and 

HP studies to value different landscape services to some extent. The HP method is limited 

to valuing services that are in some way dependent on housing location relative to the lo-

cation of green-blue land use, such as pleasant views and nearby recreational opportuni-

ties. The CE method, on the other hand, may also estimate use and non-use values for 

green-blue land uses that are not sensitive to the respective locations of beneficiary and 

resource, such as the existence of nature areas or traditional agricultural landscape. 

In both the CE and HP studies we find evidence of positive preferences for green-blue 

land uses. In the CE studies this is observed as positive estimated part-worth utilities for 

water and wetland areas. In the HP study we estimate positive elasticities of house prices 

with respect to the area of green-blue land uses within both 500m and 2km of a property. 

In the CE study, however, we also observe diminishing returns to scale for water (and 

possibly wetland) areas, a result which suggests that people prefer mixed landscapes. This 

effect is not found in the HP study, which may partly be due to the difference in land-

scape classifications used in the two studies. In the CE we observe trade-offs between 

green-blue land uses (more of one means less of another) but in the HP study we explore 

trade-offs between an aggregate measure green-blue land uses and other land uses 

(transport infrastructure and urban land uses). By using only three categories of land use 

in the HP study we cannot explore preferences for the mix of green-blue land uses. We 

do, nevertheless, find some evidence of preferences for mixed landscapes in the HP anal-

ysis in the form of a positive elasticity of house prices with respect to the number of 

patches of green-blue land use within 2km of a property. This result also suggests that 

people have a positive preference for a mix of green-blue land uses in the surroundings of 

their home.  

Regarding a general comparison of the CE and HP methods for valuing landscape charac-

teristics, we find that both methods are limited in terms of explaining the statistical rela-

tionships that are found. In both applications we find statistically significant and, to a 

large extent, expected or explainable relationships but the interpretation of results remains 

speculative. Preferences for landscape characteristics and perhaps especially for complex 

characteristics, such as the degree of fragmentation, are difficult to elicit and interpret. In 
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this respect, there are several reasons why HP is more limited than CE in eliciting com-

plex preferences for landscapes. Firstly, through follow-up questions in CE questionnaires 

or debriefing sessions/interviews, additional information can be obtained about respond-

ents‟ attitudes, characteristics, and reasoning behind the choices they make. Secondly, the 

HP approach cannot ensure the ceteris paribus requirement that landscape characteris-

tics/attributes vary independently whereas this can be ensured in CE statistical designs. 

CE provides a more direct means of breaking down differences in landscapes into con-

stituent attributes and allows us to identify the relative importance of these attributes. CE 

may therefore provide a more refined means of teasing out preferences for complex land-

scape characteristics.  

In the CE and HP applications described in this thesis, both methods benefit from the use 

of GIS to incorporate spatial data into the analysis. In the CE study we use GIS to gener-

ate data on survey respondents (distance between respondent‟s place of residence and the 

study site) and on the economic constituency of the study site (number of households 

within 10m radius of the study site for the aggregation of values). In the HP study we use 

GIS techniques to construct fragmentation metrics, distance variables to nodes in the 

transport networks (stations and highway ramps), and a spatial weights matrix in order to 

analyse spatial interdependence in house prices. The use of GIS in HP is more obvious 

and well established but there is also scope for more extensive use in CE applications. In 

the case of valuing landscape characteristics, GIS could potentially be used to obtain ad-

ditional data on the surroundings of survey respondents given information on the loca-

tions of their place of residence and work.  

6.2 Policy conclusions 

The research findings presented in this thesis have a number of implications for policies 

related to the design of landscapes, both in terms of combining urban and green-blue land 

uses and for the design and location of transport infrastructure. We address implications 

for spatial planning and transport network planning separately in the text below, although 

ideally, and to some extent in practice, they are not independent. 

There are a number of Dutch policy developments that directly address issues related to 

landscape design. The Randstad 2040 Structural Vision outlines the long-term spatial and 

functional development of the Western part of the Netherlands (van der Burg and Vink, 

2008). This strategic policy document identifies several new policy focus areas, including 

making living and working environments more appealing, optimal use of space in cities, 

increased quantity and quality of recreational opportunities (creation of first-rate „green-

blue‟ areas near cities), and changing the Green Heart to a Green-Blue Delta (by connect-

ing the Green Heart area with the IJsselmeer lake, the Zeeland lakes, the coast and the 
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Utrecht Hill Ridge). Other Dutch policy programmes related to landscape design include 

the Visie Architectuur en Ruimtelijk Ontwerp (Vision for Architecture and Spatial De-

sign) and Agenda Landscap (Landscape Agenda). 

For urban landscape design, our results confirm the already widely researched and 

acknowledged point that green-blue land uses are highly valued in the urban environment. 

As such, our results provide evidence of the value of green-blue land uses that can be 

weighed against the opportunity costs of preserving existing green open spaces or creat-

ing new areas. A more novel set of policy conclusions to be drawn from our results relate 

to the desirable spatial characteristics of green-blue land uses. We find that people prefer 

a mix of green-blue land uses rather than a single dominant land use. Green-blue land us-

es should therefore be supplied in combination, as is indeed proposed in Randstad 2040 

Structural Vision. In addition, our results suggest that is it publicly preferable to provide a 

given area of green-blue open space in the immediate vicinity of residential properties as 

a contiguous area rather than as many separate patches. At a larger scale, on the other 

hand, multiple patches that provide alternative destinations or recreational opportunities 

are preferable. The planning of new urban areas or new areas of green open space there-

fore needs to meet demand for open space with these characteristics.  

Our results also have direct relevance to policies dealing with the design of transport in-

frastructure. One of the main underlying principles of Dutch transport planning is sustain-

ability, and within this broad objective is the specific goal of limiting the effects of 

transport on the living environment and spatial quality. In the 2008 policy document Vlot 

en veilig van deur tot deur („Quick and safe travel from door to door‟) from the Ministry 

of Transport, Public Works and Water Management (Ministerie van Verkeer en Water-

staat, 2008), it is explicitly recognised that changes in transport infrastructure can have an 

influence on spatial (landscape) quality in the Netherlands. It is therefore deemed neces-

sary to integrate landscape and nature considerations in designing new infrastructure. This 

policy document also states that the effects of new transport infrastructure on the land-

scape and nature should be mitigated and compensated for. These considerations are rele-

vant to a number of policy programmes including the Meerjarenprogramma Infrastructu-

ur, Ruimte en Transport (MIRT – „Multi-year Programme for Infrastructure, Spatial 

Planning and Transport‟) and Snelwegomgeving (Highway Environment). 

The results of the valuation studies presented in this thesis are relevant for appraisals of 

new infrastructure. The value of the external costs of landscape fragmentation resulting 

from proposed new roads or railway lines can be included in ex ante cost benefit analyses 

to determine the social welfare effects associated with these projects. As such, value in-
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formation on the impacts of landscape fragmentation could influence the routing of new 

infrastructure (e.g., minimising edge-effects with green-blue land uses), on the choice be-

tween expanding existing corridors vs. creating new ones, on the physical design of infra-

structure (e.g., on embankments, at ground level, in tunnels), and possibly on the choice 

between modes. In this thesis we have not produced standardised cost estimates for land-

scape fragmentation resulting from transport infrastructure (e.g., in terms of Euros per 

kilometre of road) that can be directly entered into a cost-benefit analysis of any new in-

frastructure development. Instead we have estimated value functions that relate the value 

of different landscape characteristics to the characteristics of both beneficiaries and the 

landscape itself.  We show that the value of open space and landscape fragmentation is 

variable and dependent on scale and context characteristics. Generalisable unit values for 

the costs of fragmentation are therefore not reliable and appraisals of new infrastructure 

projects should either control for site specific characteristics using available value func-

tions or conduct primary valuation studies of fragmentation effects.    

Our findings are also of relevance to the design of compensation measures for the frag-

mentation effects of new transport infrastructure. As discussed in Chapter 2, the evalua-

tion of equivalent levels of function or service between original and compensating sites is 

one of the main challenges for this type of policy. Whereas much of the attention in eval-

uating equivalence has focussed on ecological functions, our results provide some evi-

dence on direct human preferences for landscape characteristics and fragmentation, which 

could be used to measure equivalence in terms of direct use values. In addition, compen-

sation schemes of this type generally consider compensation in kind (i.e., replacement of 

one ecosystem patch with a close substitute). The valuation of fragmentation impacts, 

however, allows compensation measures that are equivalent in value but different is sub-

stance.   

Our results have debatable implications for the design of transport pricing measures. 

Landscape fragmentation due to transport infrastructure is not a conventional external 

cost of transportation that would require Pigouvian pricing, in that the social cost of 

fragmentation is independent of the level of use of the infrastructure. There may, howev-

er, be „fairness‟ considerations that would require that users of transport infrastructure 

pay for the external cost of fragmentation. In this case, our results could be used as a basis 

for setting such charges. 

Our results may also have implications for the design of future landscape features that 

have been proposed as an adaptation measure to climate change. The expected impacts of 

climate change over the next century are anticipated to necessitate considerable adapta-

tion investments in the Netherlands (Delta Commission 2008). In recognition of this, cli-

mate change is becoming one of the guiding principles for future spatial planning. One 
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potential option for climate proofing the transport network is to raise road and rail infra-

structure on dikes so that it remains functional in the event of a flood. An even more am-

bitious proposal is to construct so-called „mega dikes‟ of between 50 and 300m in breadth 

that cannot be breached. It is proposed that multiple land uses could be located on top of, 

or within, these mega dikes, including transport infrastructure. One of the most prominent 

results from our CE study is that people have a preference for transport infrastructure to 

be at ground level. The construction of mega dikes could therefore potentially have sub-

stantial impacts on landscape values. Given that mega dikes would form new and very 

different landscape features in terms of scale, location (at the coast and along major riv-

ers) and land use, there is a need for future research into public preferences for these con-

structions. 

6.3 Further research 

In this final section we set out some ideas for further research on valuation of landscape 

fragmentation. In this thesis we have focussed on the fragmentation of landscapes by 

transport line infrastructure. We have not attempted to value the impacts of fragmentation 

resulting from the configuration of land use patches, i.e., the relative position of patches 

of the target land use in a landscape. We have also not addressed fragmentation caused by 

urban expansion or „sprawl‟. Tight land use planning has to a large extent controlled this 

form of landscape fragmentation in the Netherlands. Urban sprawl is, however, of great 

interest in the US where urban expansion follows this pattern (McConnell and Walls 

2005). Further research could potentially address these other forms of spatial fragmenta-

tion. 

As an extension of the stated and revealed preference methods that we applied in chapters 

4 and 5, it would be informative to use additional methods for eliciting public prefer-

ences. Focus group discussions or follow-up interviews could be used to shed further light 

on the underlying preferences for open space and fragmentation characteristics. Valuation 

studies are useful for identifying broad patterns in preferences across a sampled popula-

tion but are not so well suited for identifying individual level motivations. Often our 

storylines and explanations of findings are speculative and would benefit from more in-

depth discussion with respondents. Future research in this direction could potentially link 

up with psychological research into the role of human evolution in explaining why we 

like certain landscapes. 

An interesting next step in this line of research would be to explore the transferability of 

values for landscape fragmentation. Value transfer is the procedure of estimating the val-

ue of an environmental good or service by assigning an existing valuation estimate for a 
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similar good or service. For example, we use the meta-analytic value function estimated 

in chapter 3 to estimate the value of agricultural grassland in the ZPP as a basis for setting 

the levels of the monetary attribute used in the choice experiment in chapter 4. For a 

number of reasons value transfer may result is significant transfer errors, i.e., transferred 

values may differ significantly from the actual value of the good or service under consid-

eration (Rosenberger and Stanley, 2006; Brander et al., 2006; Brander and Florax, 2006). 

Generalisation error occurs when values for „study sites‟ are transferred to „policy sites‟ 

that are different without fully accounting for those differences. Values for environmental 

services tend to be highly context specific and this is likely to be the case for the value of 

landscape fragmentation. The results of the meta-analysis in chapter 3 indicate that there 

are important regional differences in preferences for urban open space. The validity of us-

ing the value estimates from the CE and HP studies described in chapters 4 and 5 for val-

ue transfer to policy sites outside of the specific context in which they were conducted is 

therefore questionable. The Netherlands represents a particular, perhaps extreme, case of 

nature scarcity and landscape fragmentation. As such, the values estimated in this study 

may not be representative of other contexts. Further research could examine the extent to 

which preferences and values for landscape fragmentation vary across different contexts 

and scales. Future research should therefore be targeted at other contexts, such as coun-

tries with low population density, mountainous landscapes, and high availability of nature 

areas. 
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Samenvatting in het Nederlands (Summary in Dutch) 

Economische waardering van landschapsfragmentatie 

Het doel van deze studie is om inzicht te geven in de economische waardering van land-

schapsfragmentatie. De belangrijkste oorzaken van landschapsfragmentatie zijn de aanleg 

van lijnvormige infrastructuur, in het bijzonder wegen en spoorwegen, en stedelijke on-

twikkeling. Deze studie concentreert zich op de effecten van verkeersnetwerken op groen-

blauwe netwerken  – landelijke gebieden die (vooral) groen landgebruik herbergen zoals 

landbouw en natuur, en water. De versnippering van groen-blauwe gebieden en het bijbe-

horende  verlies in waarde van de diensten van het landgebruik kunnen worden 

beschouwd als  externe kosten van verkeer en vervoer. Vanuit  beleidsperspectief is het 

belangrijk om een volledig beeld te hebben van de kosten (en baten) van alternatieve on-

twerpen van verkeersnetwerken. Het negeren van potentieel belangrijke effecten, zoals de 

fragmentatie  van groen-blauwe netwerken, kan leiden tot verkeerde beslissingen van 

verkeersplanners en beleidsmakers.  Vanuit economisch oogpunt leidt dit tot 

welvaartsverlies vanwege een suboptimale aanwending van hulpbronnen.      

De definiëring van landschapsfragmentatie 

Het definiëren en meten van ruimtelijke fragmentatie is niet probleemloos en de vele 

verschillende wijzen waarop het begrip in de literatuur is gedefinieerd en gemeten getuigt 

van de complexiteit van het probleem en van de verschillende perspectieven van waaruit 

het bekeken kan worden. Het begrip fragmentatie beschrijft zowel het proces waarmee 

een bepaald landschap wordt versnipperd als de staat van versnippering. Het proces van 

fragmentatie omvat de splitsing van een groter gebied met een bepaald patroon van 

landgebruik in verschillende kleinere gebieden of percelen. De staat van fragmentatie 

omvat de grootte, het aantal, de samenhang en de configuratie van percelen met een 

bepaald landgebruik in een landschap.  Om fragmentatie te definiëren en te meten is het 

noodzakelijk om vast te stellen welk type landgebruik beschouwd wordt als  “doel” ge-

bruik dat gefragmenteerd wordt  en welk type landgebruik de fragmentatie veroorzaakt.  

In dit proefschrift, dat zich richt op de economische waardering van directe menselijke 

invloed op landschapsfragmentatie door verkeers- en vervoersinfrastuctuur,  definiëren 

we de gefragmenteerde landgebruikstypen als natuur, semi-natuur, water, bos en tradi-

tionele landbouw. Deze groep van “groen-blauwe” landgebruikstypen belichaamt het 

concept van multifunctioneel landelijk gebied.  We definiëren de groep van frag-

menterende landgebruikstypen als weg- en spoorweginfrastructuur.      

In hoofdstuk 2 bespreken we een aantal maten die zijn ontwikkeld om landschapsfrag-

mentatie te meten en kiezen we vier relatief eenvoudige maten die we toepassen in het 
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waarderingsonderzoek dat is beschreven in dit proefschrift. De gebruikte fragementatie-

maten zijn: het totale areaal aan groen-blauw landgebruik, dat de beschikbaarheid van het 

doel-landgebruikstype aangeeft;  de gemiddelde perceelgrootte, die de ruimtelijke eisen 

voor verschillende recreatiieve en esthetische gebruiksmogelijkheden weerspiegelt; het 

aantal percelen, als een maat voor de samenhang van het doel-landgebruikstype en de 

aanwezigeheid van substituutgebieden; en de totale lengte van perceelranden als een maat 

voor de  verstoring en visuele hinder door verkeers- en vervoersinfrastructuur. In de 

waarderingsstudie op basis van het keuze-experiment voegen we nog een aspect van 

fragmentatie toe: namelijk de hoogte van de verkeers- en vervoersinfrastructuur die de 

mate van visuele verstoring en barrièrewerking vergroot.                

Meta-analyses van de waarde van stedelijke open ruimte 

Hoofdstuk 3 bespreekt de resultaten van „contingent valuation‟- (CV-) en „hedonische 

prijs‟-studies (HP-) die open ruimten in en nabij steden gewaardeerd hebben. In afzonder-

lijke meta-analyses van de CV- en HP-literatuur onderzoeken we de belangrijke fysieke, 

socio-economische en methodologische karakteristieken die de waardering van open 

ruimte beïnvloeden. CV-studies naar de waardering van stedelijke open ruimte hebben 

zich over het algemeen gericht op specifieke stukjes groene ruimte, terwijl HP studies 

zich grotendeels gericht hebben op het effect van de afstand tot open ruimte op de prijs 

van huizen. Dientegevolge definiëren we verschillende afhankelijke variabelen voor de 

meta-analyses van de resultaten van beide waarderingsmethodes. De afhankelijke varia-

bele in de CV meta-regressie is gedefinieerd als de waarde van open ruimte per hectare 

per jaar in US$ van 2003. De gemiddelde waarde is US$ 13.210 per hectare per jaar en de 

mediane waarde is US$ 1.124. De afhankelijke variabele in de HP-analyse is gedefiniëerd 

als de verandering in huisprijs ten gevolge van een afname van de afstand tot open ruimte 

met 100 meter in US$ van 2003. De gemiddelde stijging van de huisprijs ten gevolge van 

een afname van de afstand tot open ruimte met 100 meter is 1,37%. De verscheidenheid 

van definities en meeteenheden  van open ruimte die in zowel de CV- als in de HP-

literatuur gebruikt worden, vormden een uitdaging voor het definiëren en standaardiseren 

van de effectgrootte die geanalyseerd kon worden met behulp van statistische meta-

analyse.  Hierdoor is, hoewel het aantal CV- en HP-studies dat de waarde van open 

ruimte  geraamd heeft groot is, het aantal studies dat vergelijkbare waarderingsresultaten 

oplevert vrij gering.  

Als sociaaleconomische verklarende variabelen hebben we de variabelen inkomen en 

bevolkingsdichtheid van het gebied waarin de open ruimte ligt opgenomen. De resultaten 

van beide meta-analysen leveren geen bewijs dat open ruimte een normaal goed is. De 
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inkomensvariabelen in de twee meta-regressies zijn beide positief maar insignificant, 

wat suggereert dat de waarde van open ruimte niet afhankelijk is van inkomensniveau.  

Een mogelijke verklaring voor dit resultaat is dat mensen liever meer private open ruimte 

(bijvoorbeeld privé tuinen) consumeren als hun inkomen groeit dan dat ze hun vraag naar 

publieke open ruimte vergroten. Beide regressiemodellen produceren positieve en signifi-

cante coëfficienten voor bevolkingsdichtheid.  Deze variabele kan zowel de grootte van 

de totale vraag naar open ruimte als de schaarste van het aanbod van open ruimte repre-

senteren.  Beide interpretaties leiden ons naar de verwachting van een positieve relatie 

tussen bevolkingsdichtheid en de waarde van open ruimte, een verwachting die wordt 

bevestigd door onze resultaten.  

Gebruik makend van een multi-level model  benadering kunnen we controleren voor re-

gio-specifieke variatie in waarderingsresultaten (voor landen en US staten).  We zouden 

regionale variatie in voorkeuren voor open ruimte kunnen verwachten op grond van een 

aantal redenen. Het totale aanbod, de aanwezigheid van substituten, of de kwaliteit van de 

open ruimte in een bepaalde regio zal de waardering van alle individuele gebieden in de 

regio op gelijke wijze beïnvloeden.  We verwachten daarom dat waarderingen binnen een 

regio minder variatie zullen vertonen dan waarderingen tussen verschillende regio‟s. Het 

is ook waarschijnlijk dat er belangrijke regionale verschillen zijn in attitudes, percepties, 

culturele context  en historisch belang van open ruimtes. Deze determinanten van de 

waarde van open ruimte zijn moeilijk expliciet te modelleren in onze meta-analyses, dus 

proberen we rekening met ze te houden door middel van een „regionale variatie‟-

component. De resultaten tonen aan dat er inderdaad belangrijke regionale verschillen 

zijn in de voorkeur voor open ruimte, wat gevolgen heeft voor de overdraagbaarheid van 

de waarderingsresultaten. Het transfereren van waarderingsresultaten tussen regio‟s zal 

waarschijnlijk leiden tot grotere transferfouten dan het transfereren  binnen een regio. Dit 

betekent dat het transfereren van waarderingsresultaten met grote zorgvuldigheid moet 

gebeuren of dat er expliciet met regionale verschillen rekening moet worden gehouden.  

Waardering met keuze-experimenten 

Hoofdstuk 4 raamt de waarde van landschapsfragmentatie en andere landschapskarateris-

tieken  in een casestudy van de Zuidplaspolder in het zuidwesten van Nederland door 

middel van een keuze-experiment. In het experiment zijn de volgende attributen onder-

scheiden:  de grootte van wetland- en waterarealen, het aantal percelen van deze landge-

bruikstypen (gescheiden door wegen en spoorwegen), de hoogte van de verkeers- en 

vervoersinfrastructuur op dijk- of maaiveldniveau, toegankelijkheid van wetland- en wa-

tergebieden en jaarlijkse gemeentelijke belasting als betaalmiddel. Landschapsfrag-

mentatie wordt uitgedrukt door twee attributen die verschillende aspecten van frag-

mentatie in beschouwing nemen: het aantal percelen wetland en water representeert de 
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mate van samenhang van deze landsgebruikstypen;  en de hoogte van de verkeers- en 

vervoersinfrastructuur representeert visuele verstoring en barrière-effecten.  Als keuze-

kaarten gebruiken we topografische kaarten om de herkenning en evaluatie van de attribu-

ten en de niveaus van de attributen voor de respondenten te vergemakkelijken.  

De resultaten geven een aanwijzing voor het bestaan van niet-lineaire preferenties voor de 

grootte van natuurgebieden in die zin dat voor het 8km2 grote studiegebied, respondenten 

een voorkeur hebben voor meer water (zowel 2km2 als 3 km2 worden geprefereerd boven 

1 km2), maar dat 2km2 geprefereerd wordt boven 3 km2.   Deze bevinding suggereert dat 

mensen de voorkeur geven aan een mix of mozaiek van landgebruikstypen boven een 

homogeen landgebruik. Onze resultaten tonen geen sterke preferenties voor de frag-

mentatie van natuurgebieden zoals gemeten door de samenhang van landbgebruikstypen.   

We vinden wel dat de respondenten sterke negatieve preferenties hebben voor frag-

mentatie in de vorm van visuele of barrière-effecten door verkeersinfrastructuur op ver-

hoogde taluds in plaats van op maaiveldniveau. Door interactie-effecten in het model op 

te nemen vinden we dat de mate van blootstelling aan een barrière, gemeten als woon-

plaats of als frequentie van bezoeken aan het studiegebied, een belangrijke determinant is 

voor de voorkeur om verhoogde infrastuctuur te vermijden.  Onze resultaten tonen een 

sterke voorkeur voor publieke toegang tot natuurgebieden en we berekenen een 

gemiddelde jaarlijkse betalingsbereidheid van huishoudens  voor deze toegang van crica € 

33. Gebruik makend van een „mixed logit‟-model vinden we aanwijzingen voor signifi-

cante heterogeniteit in de preferenties voor natuurgebieden en we opperen de mogelijk-

heid dat deze heterogeniteit verklaard kan worden uit de verschillen tussen gebruikers en 

niet-gebruikers van de natuurgebieden.  Gebruik makend van twee methoden om dit ef-

fect te onderzoeken (een „mass-point mixed logit‟-schatting; en een interactieterm tussen 

toegankelijkheid en een dummyvariabele die aangeeft of de respondent regelmatig natu-

urgebieden bezoekt) vinden we slechts een geringe aanwijzing voor een onderscheid in 

preferenties tussen gebruikers en niet-gebruikers.      

Waardering met ‘hedonische prijzen’ 

Hoofdstuk 5 beschrijft een toepassing van de „hedonische prijs‟-methode om de waarde 

van landschapsfragmentatie te schatten in een casestudy in de omgeving van Gouda in het 

zuidwesten van  Nederland. In deze studie wordt landschapsfragmentatie gemeten als het 

totale areaal van groen-blauw landgebruik, het aantal percelen en de lengte van de 

scheidslijn tussen het groen-blauwe landgebruik en de verkeersinfrastructuur.  Deze vari-

abelen zijn gemeten met behulp van GIS voor een straal van 500m en 2km rond elk huis, 

om te onderzoeken of voorkeuren voor landschapskarakteristieken variëren met de 
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ruimtelijke schaal, d.w.z. of mensen andere preferenties hebben voor landschapsfrag-

mentatie dicht bij hun huis dan voor landschapsfragmentatie verder weg.  Wij houden re-

kening met andere mogelijke invloeden van verkeersinfrastructuur op huisprijzen door 

variabelen op te nemen voor verkeerslawaai en de toegankelijkheid van snelwegen en 

spoorwegen  (gemeten als afstand tot opritten en stations). We testen voor de aan-

wezigheid van ruimtelijke autocorrelatie in het hedonische model  en gebruiken een 

ruimtelijk  foutenmodel om voor de gevonden autocorrelatie te corrigeren. De geschatte 

coëfficienten  en standaardafwijkingen in het ruimtelijke foutenmodel wijken echter niet 

noemenswaardig af van die van een eenvoudig OLS-model. 

We vinden aanwijzingen dat voorkeuren voor landschapsfragmentatie significant variëren 

over een ruimtelijke schaal.  Het areaal van groen-blauw landgebruik in de nabijheid van 

een huis heeft een positieve invloed op de koopprijs en het effect varieert met de 

ruimtelijke schaal waarop het areaal is gemeten. De marginale betalingsbereidheid voor 

een extra eenheid groen-blauw landgebruik voor het “gemiddelde huis” (d.w.z. 

gemiddelde koopprijs en gemiddelde karakteristieken) in onze steekproef neemt toe 

naarmate de afstand tot dit landgebruik kleiner is. De marginale waarden van een toename 

van één hectare groen-blauw landgebruik binnen een straal van 500m en 2km zijn re-

spectievelijk €188 en €24. We vinden ook verschillen in voorkeur voor het aantal per-

celen met groen-blauw landgebruik op verschillende ruimtelijke schalen, met een 

negatieve prijselasticiteit voor het aantal percelen binnen een straal van 500m en een 

positieve prijselasticiteit voor het aantal percelen binnen een straal van 2km. We vinden 

een marginale betalingsbereidheid voor het “gemiddelde huis” van €661 om een extra 

perceel met groen-blauw landgebruik binnen 500m te vermijden en €167 om een extra 

perceel binnen een straal van 2km te verkrijgen. Deze resultaten tonen een voorkeur voor 

samenhangend groen-blauw landgebruik in de onmiddelijke omgeving van een huis, maar 

voor afzonderlijke percelen groen-blauw landgebruik in de wijdere omgeving. Aangaande 

de lengte van de afscheiding tussen verkeersinfrastructuur en groen-blauw landgebruik 

zien we significant negatieve effecten van een toename van lengte binnen een straal van 

2km, maar geen significant effect binnen een straal van 500m. In een numeriek voorbeeld 

illustreren wij de grootte van het effect van landschapsfragmentatie op huisprijzen door 

met behulp van de geschatte hedonische prijsfunctie de waarde van een huis te ramen 

afhankelijk van verschillende niveaus van fragmentatie.  Een toename van de mate van 

fragmentatie van het gemiddelde niveau tot het hoogste niveau in onze steekproef leidt tot 

een afname van de huisprijs met bijna €70.000. Een afname van de mate van fragmentatie 

van het gemiddelde niveau tot het laagste niveau in onze steekproef leidt tot een hogere 

waarde van bijna €60.000.  
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Beleidsconclusies 

De onderzoekresultaten die in dit proefschrift zijn gepresenteerd hebben een aantal im-

plicaties voor ruimtelijk beleid en landschapsontwerp, zowel met betrekking tot de com-

binatie van stedelijk en groen-blauw landgebruik als voor het ontwerp en de locatie van 

verkeers- en vervoersinfrastructuur.  

Voor stedelijke ruimtelijke ordening en landschapsontwerp bevestigen onze resultaten het 

reeds vaak onderzochte en bevestigde punt dat groen-blauw landgebruik bijzonder 

gewaardeerd wordt in een stedelijke omgeving. Als zodanig leveren onze resultaten een 

aanwijzing voor de waarde van groen-blauw landgebruik dat afgewogen kan worden 

tegen de opportuniteitskosten van het conserveren van bestaande groene open ruimtes of 

het creëren van nieuwe.  Meer vernieuwende beleidsconclusies die op grond van onze re-

sultaten getrokken kunnen worden hebben betrekking op de gewenste ruimtelijke karak-

teristieken van groen-blauw landgebruiik. Mensen blijken de voorkeur te geven aan een 

mix van groen-blauwe landgebruikstypen boven een homogeen landgebruik. Groen-

blauwe landgebruikstypen zouden daarom in combinatie moeten worden aangeboden. 

Bovendien suggereren onze resultaten dat het de voorkeur verdient om een gegeven are-

aal van groen-blauw landgebruik in de onmiddellijke nabijheid van huizen als een samen-

hangend geheel aan te bieden in plaats van als een groot aantal losse perceeltjes.   Op een 

groter schaalniveau echter verdienen verschillende percelen die alternatieve bestem-

mingen of recreatieve mogelijkheden bieden  de voorkeur. De planning en het ontwep van 

nieuwe stedelijke gebieden of nieuwe groen-blauwe gebieden dienen aan de vraag naar 

open ruimte met deze karakteristieken tegemoet te komen.  

Onze resultaten zijn ook relevant voor het beleid omtrent het ontwerp van verkeers- en 

voervoersinfrastructuur. De waarde van de externe kosten van landschapsfragmentatie ten 

gevolge van geplande nieuwe wegen of spoorwegen kan ex ante opgenomen worden in 

kosten-batenanalyses om de effecten op de maatschappelijke welvaart van deze projecten 

te ramen. Als zodanig zou de informatie over de waarde van de effecten op landschaps-

fragmentatie van invloed kunnen zijn op het voorkeurstraject van de nieuwe infrastructu-

ur (bijvoorbeeld door het minimaliseren van de scheidslijnen met groen-blauw landge-

bruik), op de keuze tussen het uitbreiden van bestaande infrastuctuur of het aanleggen van 

nieuwe, en op het fysieke ontwerp  van de infrastructuur (bijvoorbeeld op verhoogd talud, 

op maaiveldniveau, in tunnels). In dit proefschrift hebben we geen standaardkosten ger-

aamd voor landschapsfragmentatie ten gevolge van verkeers- en vervoersinfrastructuur 

(bijvoorbeeld in euro‟s per kilometer weg) die direct in een kosten-batenanalyse van 

nieuwe infrastructuur gebruikt kan worden. We hebben daarentegen waardefuncties ges-
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chat die de waarde van verschillende landschapskarakteristieken koppelen aan de 

karakteristieken van zowel de gebruikers van het landschap als het landschap zelf. Wij 

tonen aan dat de waarde van open ruimte en landschapsfragmentatie variabel is en 

afhankelijk van schaal en context. Gegeneraliseerde eenheidswaarden van de kosten van 

fragmentatie zijn daarom niet betrouwbaar en de waardebepaling van nieuwe infra-

structuurprojecten zou rekening moeten houden met plaats-specifieke karakteristieken 

met behulp van beschikbare waardefuncties of de waarde van fragmentatie met primair 

onderzoek moeten vaststellen.                

 


