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1. Introduction 

1.1 Landscape services 

Landscapes are spatial human-ecological systems that support a multitude of functions which can be 

valued by people for economic, sociocultural, and ecological reasons (DeFries et al., 2004). The direct 

and indirect contributions to human wellbeing and welfare derived from these landscapes have been 

described as landscape services (Termorshuizen & Opdam, 2009). Landscape services can be categorised 

into three main groups: provisioning, regulation and maintenance, and cultural services according to the 

well-known Common International Classification of Ecosystem Services (CICES; Haines-Young & 

Potschin, 2013). Examples of such services include the growth of food, materials, fiber, and bioenergy; 

providing water filtration, carbon sequestration, and regulation against hazards; as well as facilitating 

recreational activities including hunting, cultural heritage, and aesthetic amenity (Vallés-Planells et al., 

2014). 

“Landscape services” is used in this research rather than “ecosystem services” because its use emphasises 

the relationship between spatial pattern of landscape elements and landscape processes (Termorshuizen 

& Opdam, 2009). It has been argued that landscape services more closely link to the practice of integrated 

landscape planning, policy making, and developing financing instruments, and may be better understood 

by local practitioners (De Groot et al., 2010; Termorshuizen & Opdam, 2009). 

Many landscape services are public goods that not only concern farmers’ livelihoods, but also matter for 

urban residents’ welfares (Polasky et al., 2014). Farmer livelihoods directly depend on provisioning 

services (Gulickx et al., 2013; MEA, 2005), but farm incomes can be diversified with the support of 

regulating and cultural services such as recreational opportunities (Firbank et al., 2013). Urban residents’ 

physical and spiritual well-being may rely on landscape services for outdoor activities, spiritual 

enrichment, recreation and education (Gulickx et al., 2013; Willemen et al., 2012). Intangible services 

(e.g. recreational opportunities, aesthetic values) can even outweigh more tangible benefits (e.g. from 

agricultural production, see Van Den Belt et al., 2009; Streever et al., 1998). 

The fierce competition for land and conflicting interests between urban and rural stakeholders make the 

urban–rural fringe a particularly interesting arena for the study of landscape services (Gant et al., 2011; 

Meeus & Gulinck, 2008; Yokohari et al., 2008). Relationships between landscape services exist in the 

form of trade-offs and synergies (Bennett et al., 2009). With the information about relationships between 

these services, decision-makers can strengthen synergies and alleviate trade-offs between landscape 

services which can assist in proper land-use planning tools and the implementation of land-use policies 

(Raudsepp-Hearne et al., 2010). 

1.2 Urban–rural fringe 

Due to the imbalance between a rapidly growing urban population and scarce urban resources, a city 

often expands at its outer edge (Satterthwaite et al., 2010). Many urban dwellers seek clean air, tranquility, 
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and a place to recreate on the urban–rural fringe (Zasada, 2011). Meanwhile, rural workers are attracted 

by higher salary of non-agricultural job opportunities in the city and typically reside in the open space 

on the urban fringe or beyond due to lower housing prices (Evans & Ilbery 1992). In addition, farmland 

use is influenced by the surrounding urban activities and land uses (Gant et al., 2011; James, 2014). The 

locational advantage ensures a convenient market chain for fresh agricultural products (Paül & McKenzie, 

2013). Adjacent urban dwellers make use of these farmlands by hobby farming, horse keeping, and 

recreation (Lovell, 2010; Zasada et al., 2011). 

The built-up area just outside the limits of the city was first described by Smith in 1937 as urban fringe 

(cited in Scott et al., 2013). Wehrwein has argued in 1942 that the fringe is where the rural land is “forced” 

into urban uses and rarely being restored to agricultural uses (Scott et al., 2013). Singh (1967) argued 

that the fringe was “the rural land with urban phenomena” (pp. 38). Many more names have been 

suggested by different scholars to distinguish the variation in the form of this transitional zone, such as 

urban fringe, peri-urban interface, rural–urban interface, city edge, edgeland, and urban margins (Adell, 

1999; McGregor et al., 2006, pp. 336; Nilsson et al., 2013; Shoard, 2002). This thesis follows Shoard 

(2002) and defines the urban–rural fringe as the transitional zone between urban and rural areas while 

being different from either urban or rural areas (pp. 117−146). This definition considers the stakeholders 

and land uses of both urban and rural sides and emphasises their interaction by regarding the fringe as an 

integral social-economic zone. The practical delineation of the urban–rural fringe varies greatly among 

studies, and can be based on a certain population density, the share of built-up areas and (semi)natural 

lands, or the proportion of non-agricultural activities (Tacoli, 1998). Consequently, the shape of this 

fringe belt also differs among individual expanding cities due to different study perspectives and 

differences in spatial planning setting as well as culture (Müller et al., 2013). As urban pressure has been 

causing a built-up area expansion into nearby rural areas continuously, the boundary of urban–rural fringe 

is likely to change continuously and often appears blurred (Nilsson et al., 2013). 

The landscape forming the urban–rural fringe appears a chaotic mixture of scattered commercial 

buildings, industrial areas, warehouses, dump sites, and settlements intermingled with forest, wetland, 

grassland, and particularly agricultural land (Meeus & Gulinck, 2008; Nilsson et al., 2013; Yokohari et 

al., 2008; Zasada, 2012). Spatial governance can be lacking for this transitional zone (Meeus & Gulinck, 

2008; Nilsson et al. 2013; Yokohari et al., 2008; Zasada, 2012), which may stimulate a series of urban 

and social problems such as traffic congestion, poor living conditions, and shortage of clean water, 

education facilities, and medical resources (Meeus & Gulinck, 2008; Nilsson et al., 2013). Land 

fragmentation, land abandonment and landscape degradation are reportedly common along the city’s 

boundary (Gant et al., 2011; Irwin & Bockstael, 2007; Romero-Díaz et al., 2016; Zasada, 2011). 

The part of the urban–rural fringe that is closest to the city is often more dynamic in terms of land use 

and characterised by relatively high population density (Fig. 1.1). Towards the rural end of the gradient, 

land uses remain relatively static, and are usually more natural open spaces with larger parcel sizes. Built-

up area dominates the urban end of the gradient where it is intermingled with other land-use types that 
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typically have irregular, smaller and more fragmented shapes. Moving outward into the rural area, 

agricultural plots become larger and more regular in shape. Correspondingly, agro-ecosystems change 

from more heterogeneous smallholder farms such as temperate perennial orchards, backyard allotments, 

and greenhouses, towards more homogenous and larger scale farms including crop monocultures, paddy 

rice systems, and grazing land. 

 

Fig. 1.1  Conceptual model describing typical land use and landscape service gradients along the urban–

rural gradient (from left to right) 

In their seminal work Alonso (1964, pp. 204) and Von Thünen (1966) theorised land-use intensities to be 

highest near cities (market places) and to decline with increasing distance from them under transport cost 

constraints. Sinclair (1967) on the other hand, developed an explanatory model for lower land-use 

intensity near cities. He expected a reduced intensity in the use of agricultural land on the urban–rural 

fringe because farmland adjacent to urban areas is likely to become too expensive for agricultural 

purposes. Farmland prices near cities are rising due to the increasing demand for land for urban 

development (Cavailhès & Wavresky, 2003; Chicoine, 1981; Sinclair, 1967). Peri-urban farmland owners 

may wait for the opportunity to sell their land or speculate on rising land prices and prefer temporary 

farming practices with less investment until the moment when they can sell for their preferred price 

(Sinclair, 1967). Which theory is better in explaining the land-use allocation on the urban–rural fringe 

and their underlying factors likely depends on regional and local characteristics such as land regime and 

economic development. 

1.3 Threats to landscape services on the urban–rural fringe 

Land-use changes alter landscape patterns, functions, processes, and components and modify 

biogeochemical cycle, carbon cycles, hydrology, surface energy flow, and local climate (Alberti, 2005; 

Kalnay & Cai, 2003; Metzger et al., 2006; Müller et al., 2013; UNEP, 2002). The continuing conversion 

Relatively dynamic                      ->                         Relatively static 

High population density                   ->                   Low population density 

Semi-natural land                    ->                            Natural land 

Compact space                      ->                             Open space 

Small parcels                     ->                            Large parcels 

Irregular shape                          ->                           Regular shape 

Heterogenous landscape                   ->                    Homogenous landscape 

Urban                         ->                               Rural 
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of (semi)natural lands accompanying urban development is projected to continue in upcoming decades 

(Lawler et al., 2014; Seto et al., 2012). This process has been documented to affect the provision and 

distribution of landscape services as well as the number and behaviour of potential beneficiaries of these 

services at the urban–rural fringe (Vanbergen, 2013). For example, a higher proportion of impervious 

built-up surfaces has negative environmental effects such as reduced biodiversity, deteriorated water 

purification, reduced carbon storage, and increased flood risk (Schneider et al., 2012). Focusing more 

narrowly on farmlands, the use of pesticides, fertilizer, and plastic cultivation foils significantly 

influences landscape services such as soil formation, water purification, and habitat quality (Stoate et al., 

2009; Van Der Werf & Petit, 2002) as well as cultural services (Heimlich & Anderson, 2001; Ives & 

Kendal, 2013; Zasada et al., 2011). Therefore, it is important to understand how (changes in) land-use 

practices affect the landscape services provided on the urban–rural fringe. 

Another land-use change process affecting the urban–rural fringe is farmland abandonment (Paül & Tonts, 

2005; Grădinaru et al., 2015; Wang & Qiu, 2017). This process is described extensively for marginal 

areas in the rural hinterland where it is attributed to unfavourable environmental, economic, and social 

conditions, such as poor soil quality, accessibility, land regime, food market and farmer characteristics 

(MacDonald et al., 2000; Renwick et al., 2013; Rey-Benayas et al., 2007; Strijker, 2005; Van Vliet et al., 

2015). The drivers for this process on the urban–rural fringe are less known, but are likely to differ from 

those in rural areas as is illustrated by the fact that also prime farmland is found to be abandoned on the 

fringe (Imhoff et al., 2004; Van Vliet et al., 2017; Yeh & Li, 1999). This may relate to the fact that peri-

urban farmers are more likely to have an income from non-agricultural employment due to urban 

proximity (Adelaja et al., 2005; Cao et al., 2012). 

Farmland abandonment can lead to a decrease in habitat patchiness, species richness, and even habitat 

loss (Plieninger et al., 2014). Moreover, these abandoned areas may be subject to increased wildfires, 

litter accumulation, potential loss of traditional cultural values and heritage regarding agriculture, as well 

as influences on retaining water, and regulating climate (Crossman et al., 2013; Müller & Munroe, 2008; 

Rey-Benayas et al., 2007). Hence farmland abandonment mitigation is essential for sustainable land use 

and landscape services provision. 

1.4 Evaluating the provision and appreciation of landscape services 

Gradient analysis is widely applied in ecology and landscape science to reveal landscape structure and 

functions (Foresman et al., 1997; Luck & Wu, 2002; Hahs & McDonnell, 2006; McDonnell & Pickett, 

1990; Blair, 1996; McDonnell et al., 1997). Some studies have applied urban–rural gradients to reveal 

spatial land-use patterns in order to provide useful information for land planning. Hou et al. (2015) 

reported urban–rural gradients in habitat quality and evapotranspiration in Leipzig (Germany) as well as 

habitat quality in Kunming (China), while other services such as food supply and carbon storage showed 

none of these patterns. One can see the urban–rural fringe as a “hot zone” with intensive human-
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environment interactions, but so far changes in spatial pattern of landscape services on the urban–rural 

fringe have received little attention (Kroll et al., 2012; Radford & James, 2013). 

Economic valuation of landscape services has been proposed to provide insight into the impacts of urban 

development and inform planners of the potential impacts that can be attributed to these land-use changes. 

For example, Song et al. (2015) estimated that land-use change in the rapidly urbanizing North China 

Plain has resulted in a net loss of 0.08 billion USD in the period 2000 to 2008 due to a reduced provision 

of organic material, nutrient cycling, soil conservation, water conservation, and gas regulation. The 

revealed preference and stated preference approach are the two main valuation methods of landscape 

services (Koetse et al., 2015). The revealed preference approach is mainly used to value direct use values 

of landscape services based on actual economic behaviour (e.g. relying on observed house prices or 

travelling costs). Indirect value refers to a gain in person’s utility without the person actually using the 

good directly (MEA, 2005). Services with indirect use values are more likely to be evaluated with stated 

preferences approach. Although many different types of approaches have been developed and applied for 

mapping landscape services, challenges remain regarding how these results can be applied to actually 

support land-use planning and conservation plans (Boulton et al., 2016; Brown & Fagerholm, 2015). This 

relates foremost to the poor understanding of the complex interactions between landscape services and 

trade-offs between landscape services provisions (Farley, 2008; Koschke et al., 2012; MEA, 2005). 

Another barrier is the difficulty in quantifying non-use and indirect values (Laurans et al., 2013). 

Therefore, it is necessary to understand how the applied evaluation approach works in order to effectively 

apply the estimation to policy making. 

To optimize the management of landscape services, it is important to understand the societal demand for 

them in relation to their supply. Although some landscape services are valuable to everyone (for example, 

flooding risk mitigation, and air purification), some others (for example, outdoor sport, and recreation) 

are preferred only by some (Xu et al., 2016). The supply and demand of landscape services may not be 

well matched (Baró et al., 2015; Wei et al., 2017). It is important to understand what type, amount, and 

spatial pattern of landscape services are required to optimize beneficiaries’ welfare. However, the spatial 

variance of how landscape services are preferred along the urban–rural gradient is rarely discussed 

(Aguado et al., 2018; Baró et al., 2017). This is particularly a challenge for cultural landscape services, 

because these often are not straightforward to quantify (Vejre et al., 2010), and different beneficiaries 

may assign highly different values to them. 

1.5 Research questions and thesis outline 

1.5.1 Research questions 

The analysis of spatial patterns in supply and demand of landscape services along the urban–rural fringe 

can aid in optimizing landscape service provisions. Several challenges still remain for better matching 

the supply and demand of these services and understanding how this evolves when land use changes. 

Part of these challenges relates to the demand for these services and the fact that the valuation for 
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landscape services is not stable over time and space (Aguado et al., 2018; Larondelle & Haase, 2013; 

Rimal et al., 2019). Especially in a dynamic context with substantial changes in land use it is likely that 

the appreciation of available services is changing. But also over space preferences may differ (Bertram 

& Rehdanz, 2014; Garrod et al., 2014). The supply of landscape services is also dynamic and can vary 

greatly along the urban–rural fringe. It may follow the general pattern described in Fig. 1.1, but is likely 

more complex in reality. This thesis looks into the spatial variation in the provision of services and aims 

to link this to the underlying factors that cause such complex patterns of landscape services on the urban–

rural fringe. One specific and often overlooked underlying factor that influences the ability of the 

landscape to deliver landscape services to its users – farmland abandonment (Rey-Benayas et al., 2007) 

– is studied in more detail. So, this thesis attempts to investigate changes in landscape services supply 

and people’s preferences towards these services over space and time on the urban–rural fringe. This 

relates to the change in supply of landscape services and its impact on the appreciation of these services, 

the variation of demand for and provision of landscape services over space, and motivations of land 

abandonment which may affect the provision of landscape services. More specifically the following 

questions are addressed: 

1) How is the overall value of landscape services affected by changes in land use? 

2) How do preferences for cultural services vary among residents on different locations along the 

urban–rural fringe? 

3) What are the spatial patterns of landscape services supplied by farmland along the urban–rural 

gradient, and how to relate these to underlying factors? 

4) What factors stimulate farmers to cease cultivating farmland when surrounded by urban growth 

on the urban–rural fringe? 

1.5.2 Case study areas 

Four empirical studies are presented that relate to either the demand or supply of landscape services along 

the urban–rural gradient. The analysis of changes in demand is performed in the Netherlands, a developed 

country where landscapes are gaining importance for the delivery of cultural services. This is not only 

true in urban centre such as the Vondelpark in Amsterdam (Chiesura, 2004), but also in nature reserves 

(Blom-Zandstra et al., 2010). The growing demand for, for example, recreation in natural environment 

also influences the valuation of landscape services (Casado-Arzuaga et al., 2013; Marre & Billé, 2019; 

Rimal et al., 2019). Changes in supply are studied in a fast developing region in China where the 

provision of landscape services is under threat of urban development and land abandonment. As a 

developed country which has gone through rapid urbanization in the 1960s, the Netherlands can offer 

insights for China that is currently undergoing urbanization. 

This first Dutch case study area concerns Amstelland, a historic agricultural region that experienced 

profound changes in land use due to expansion of the metropolitan region of Amsterdam and Amstelveen. 

The region is characterised by a substantial loss of cropland and grassland. It is chosen as an example to 

evaluate the impact of land-use change on the appreciation of landscape services (Chapter 2). The 
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appreciation is based on several standard economic valuation methods developed to infer the overall 

appreciation of landscape services from a user perspective and aims to show how these different methods 

incorporate changes in land use in their suggested total value of the landscape services they distinguish. 

The other Dutch case study area consists of the city of Maastricht and its direct surroundings in the very 

south of the country. Maastricht is an ancient city with rich cultural heritage surrounded by highly 

appreciated landscapes with various open spaces, preferred by both local residents and tourists. This area 

is selected for addressing people’s appreciation of cultural services provided by landscape (Chapter 3). 

The provision of landscape services and influences from land-use practices are less well understood in 

developing countries, where land use is changing rapidly (Cohen, 2006; McGee, 1991). Wuhan was 

selected as the study area for its large and rapidly growing population. Wuhan is one of the 10 mega cities 

in China with over 10 million inhabitants and more than 80% of its residents living in the urban area. Yet, 

half of its area is covered by fertile farmland that belongs to one of the major grain producing areas in 

China. So, balancing urban growth with maintaining its agricultural production potential is a major 

planning challenge. Due to this, it is planned to stimulate the multiple uses of farmland and develop the 

local modern urban agriculture. Wuhan is also a pilot area of green growth in China due to its rapid 

economic growth and plenty of habitat for maintaining biodiversity. The multiple land-use objectives 

make Wuhan an interesting area to study the spatial patterns of the provided landscape services and their 

underlying factors (Chapter 4), as well as the causes of one of the important and underexplored dynamics: 

the loss of landscape services and farmland abandonment (Chapter 5). Rather than applying simple 

indicators such as population density and impervious ground to define the urban–rural fringe, this thesis 

considers an urban–rural continuum fanning out in different directions that run perpendicular to the 

border of the urban core (Vizzari et al., 2015). The urban–rural fringe covers part of the transitional zones 

that connect urban and rural areas in Wuhan. 

1.5.3 Methods 

The applied spatially-explicit approach captures spatial variation of landscape services along the urban–

rural gradient using the analytical capability of Geographical Information System (GIS) (Kienast et al., 

2012; Sherrouse et al., 2011; Troy & Wilson, 2006). By applying a standard desktop GIS (ArcGIS 10.4), 

landscape units can be defined at a proper scale for valuing landscape services and acquiring people’s 

appreciation of landscape services (Brown & Fagerholm, 2015; Kienast et al., 2012). With GIS, spatial 

characteristics in landscape units can be obtained, for example, to recognise and reclassify land-use 

categories (Chapters 2, 3 and 4), and calculate distances and areas (Chapters 3, 4 and 5). GIS also allows 

to combine the information from the survey with spatial data sets that describe the local soil condition, 

slope, and accessibility characteristics at the farm residence location (Chapters 4 and 5), as well as 

people’s preferences for landscape services along the urban–rural gradient (Chapter 3). 

Surveys are a widely applied approach that gathers first-hand data, which is necessary for understanding 

people’s appreciations of landscape services and farmer behaviour (Pfeffer & Lapping, 1994; Sattler et 

al., 2018). Surveys have been applied in all the four case studies in the thesis. A stated preferences 



Chapter 1 

8 

 

approach was applied to identify the benefits from landscape services and elicit people’s preference for 

trade-offs in a hypothetical market scenario relating to changes in land use in Amstelland (Chapter 2). To 

explore how the location of a landscape unit matters for the appreciation of the cultural services, we set 

up a map-based questionnaire asking local inhabitants to pinpoint their favourite places for enjoying a 

selection of services offered by the landscape in Maastricht (Chapter 3). An extensive field survey among 

local farmers was used to quantify landscape services provided by the landscape and analyse possible 

links to underlying factors (Chapter 4), as well as study the factors that contribute to farmland 

abandonment (Chapter 5) in Wuhan. 

Regression analysis is widely applied in LULC use change analysis to reveal impacts of underlying 

factors on the provision and appreciation of landscape services (e.g. Millington et al., 2007). In this study, 

a conditional logit model was applied to analyse how spatial differences in the provision of cultural 

services affect the way people value the landscape in their surroundings (Chapter 3). In such a model, 

the choice between different alternatives is treated as a function of the characteristics of the alternatives 

themselves (Hoffman & Duncan, 1988). The linear regression analysis is an approach to model the 

relationship between a dependent variable and one or more explanatory variables. A linear regression 

analysis and a principle component analysis were conducted to analyse possible bundling of services and 

underlying factors (Chapter 4). Linear regression analysis was also used to reveal the relationship 

between the share of farmland abandonment with the observed levels of farming intensity, household 

characteristics and spatial conditions of the farmland that they use (Chapter 5). 

1.5.4 Outline of thesis 

Chapters 2 and 3 include how to value landscape services and how these services are appreciated. 

"Valuation" was applied in Chapter 2 to value landscape services in monetary terms, while "appreciation" 

was used in Chapter 3 to identify residents' preferences. Chapter 2 discusses the advantages and 

disadvantages as well as the validity of the outcomes of performing market price approach, contingent 

valuation, and value transfer in valuing land-use change on the urban–rural fringe of Amstelland. In 

Chapter 3, a map-based survey is conducted to unravel local residents’ preferences of cultural services 

provided by the landscape across the urban–rural gradient of Maastricht. Using a conditional logit model, 

we can understand how the preferences are influenced by factors including distance, land-use types, 

characteristics of respondents, and urbanization level. 

Chapter 4 and Chapter 5 focus more narrowly on farmland and a field survey was conducted on the 

urban–rural fringe of Wuhan. Chapter 4 analyses how the bundles of landscape services on farmland vary 

along the urban–rural gradient. Applying a redundancy analysis (RDA), possible synergies and trade-

offs (bundling) between landscape services are investigated. A linear regression analysis is used to reveal 

the underlying factors that impact such spatial patterns. Chapter 5 reveals where and to what extent that 

farmland is abandoned on the urban–rural fringe of Wuhan. With a linear analysis to the survey data, the 

determinants of farmland abandonment are recognised. 
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Finally, Chapter 6 summarizes and discusses the findings from the thesis. This chapter provides answers 

to the research questions, highlights the possibilities and limitations of the methods and data used. It also 

elaborates on options for future research.



 

 

 


