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1.  General recalls on LUPUS project
LUPUS project was conducted by Prof. Walid Oueslati between 1 August 2011 and 31 July 2013 at the Centre for Rural Economy at the University of Newcastle. The research project LUPUS had explored the economic processes under-pinning the phenomenon of urban sprawl. In particular, the project investigated the role of the spatial distribution of environmental amenities in urban sprawl and the influence of future land development on agricultural land values. Throughout the project, urban sprawl was considered as a simultaneous result of two mechanisms. On the one hand, are the effects of the behaviour of households and firms and the development patterns that they engender in suburban areas, while on the other hand is the influence of evolving land values and of developing agricultural and land use policies.
Urban sprawl is a priority issue for Europe's cities. According to a report by the European Environment Agency (EEA, 2006) throughout Europe in the last decade changes in land cover were mainly characterised by increases in urban and other artificial land development and forested area, at the expense of agricultural and natural areas. The anticipated growth of the urban population by 5% in the coming decade, will further fuel these trends.

Scientists, planners and policy-markers are becoming increasingly aware that appropriate decisions on urban development cannot be made solely at local level. This is especially important in a European context where more and more urban areas are becoming connected in order to realise common objectives. 

In 2006 the European Commission launched a thematic strategy on the Urban Environment to help Member States and regional and local authorities improve the environmental performance of Europe’s cities. This Strategy is one of seven foreseen under the 6th Environmental Action Programme. Its goal is to facilitate better implementation of EU environmental policies and legislation at the local level. In addition, it aims to limit urban sprawl and encourage compact and polycentric approaches in order to reduce transport and energy costs, retain valuable agricultural land and natural areas, and protect landscape value, while limiting the negative effects of densification (see European Commission Website: Thematic Strategy on the Urban Environment ). The policy relevance of such urban environments is further highlighted in the EEA report on European cities and in DG ENVIRONMENT’s Thematic Strategy on the Urban Environment. From a research perspective related themes on the management of the urban environment are a focus of the FP7 Environment theme and urban sprawl is also relevant to the 2011 Environment work programme under the topic “ENV.2011.2.1.5-1: Sustainable and Green Cities”.

Urban sprawl has been increasingly recognised as a major force challenging quality of life in metropolitan areas in Europe. The European Commission places the issue of urban sprawl squarely in the realm of those areas where “the social and economic mechanisms leading to more land consumption have to be better understood’. LUPUS addresses these European concerns and should be a part of the research agenda of the European Commission. Economic research on urban sprawl can define policy measures that aim at curbing sprawl. We argue that environmental amenities and agricultural land values are important factors in the formation of development patterns. By constructing a theoretical model, the project has contributed to the international literature on urban sprawl and gave empirical insights into the European situation.

LUPUS project was conducted in two steps corresponding to two complementary parts. 
· The first part was interested in modeling the economic mechanisms behind urban sprawl. The main aim was to explore the economic process of suburbanization. More specifically, we have investigated the role of the spatial distribution of agricultural amenities in urban sprawl. The research questions arising from this are whether or not urban sprawl is more prevalent in areas with a larger variation of agricultural amenities and what are the potential side-effects of Agri-environmental policies on urban development and their associated redistributive effects among residents and farmers.
· The second part was dedicated to the empirical validation of the main theoretical results in the European context. Much of our understanding of this urban growth was derived from the "monocentric city model" (Alonso, 1964; Mills, 1967; Muth, 1969), which explains urban spatial structure as arising from the trade-off between commuting costs and land rents. The urban economics literature that adopts this model has highlighted the role of population, income, transportation cost and the value of agricultural land as essential drivers of sprawl. In addition to these economic variables, other geographical, socio-cultural and climatic factors, highlighted by the literature, are also considered. The main research question in this part was to identify and gather existing data that can be used to validate the key determinants of urban sprawl across a large sample of European cities.
2. Summary review of the main theoretical results
On the theoretical level, LUPUS project has resulted in three major contributions. Before presenting these results, it would be useful to make a short review of the economic literature on urban sprawl and draw attention to some important empirical evidence on suburban agriculture. 

2.1. The theoretical background
Numerous studies use spatial models of cities to explain the characteristics of the urban landscape. The fundamental theory in urban economics relevant to urban expansion is the monocentric city model (Alonso 1994; Mills 1967; Muth 1969; and Wheaton 1974). Within this model it is assumed that all employment in the city takes place within a single Central Business District (CBD). The pattern of urban development is then shaped by the trade-off between affordable housing further away from the CBD and the associated commuting costs. Thus, to offset higher commuting costs, housing prices decline with distance away from the CBD.

To examine urban sprawl within the monocentric-city model, several articles have considered the anticipation of future spatial growth (Mills (1981), Wheaton (1982), Titman (1985) and Capozza & Helsley (1989)). These studies argue that amenities are spatially homogeneous. The existence of scattered urban areas is explained by the expectation behaviour of owners. However, when amenities are considered as spatially heterogeneous, it is also possible to observe a scattered urban development. This is due to the fact that the household bid-function is not necessarily monotonic with regard to the distance from the central business district (CBD) (Polinsky & Shavell (1976), Ogawa & Fujita (1980), Yang & Fujita (1983), Fujita & Kashiwadani (1989)). In their model, Polinsky & Shavell (1976) include an environmental amenity characterised by its distance to the CBD and show how the amenity changes the spatial pattern of property values. In these studies, the total developed area is not fragmented and the agricultural rent is always exogenous.

Several papers develop two-dimensional urban models including environmental amenities that show the effect of the location, size and shape of open space on equilibrium housing, land prices, and city boundaries in an open-city model (Wu & Plantinga (2003); Wu (2006)). Wu & Plantinga (2003) show that the designation of open space around a city can lead to leapfrog development. Wu (2006) demonstrates how development patterns and community characteristics are influenced by the spatial distribution of environmental amenities. These studies provide a more intuitive explanation for leapfrog development than previous studies, but still treat agricultural rent and amenities as exogenous.

Generally, theoretical models consider only agricultural or residential land use, with the exception of Muth (1961), who describes the movement of city limits in relation to an agricultural hinterland lying beyond the city. Muth (1961) analyses relationships between the city boundary and several economic variables, including wage rates and the relative demand characteristics of housing and agricultural products. More recently, Walker (2001) and Cavailhès et al. (2004) present a model treating agricultural and urban land uses simultaneously. Both studies borrow ideas from the monocentric-city model and the agricultural model developed by von Thünen. Walker (2001) discusses several aspects of land cover change dynamics resulting from economic development and the interplay of urban and agricultural processes. Introducing rural amenities produced by farmers, Cavailhès et al. (2004) demonstrate the existence conditions of a suburban area, where farmers and households share space. These studies were not specifically concerned with urban sprawl, but offer an interesting analytical framework for better understanding the interactions between the city and agriculture.

This short review of the literature allows us to identify three main lessons. First, monocentric city models, exploring the possibilities of leapfrog development, assume an exogenous agricultural rent to define the city boundary. By doing so, these studies are not able to explain the interactions between agriculture and cities. Thus, farm structures have no effect on agricultural land conversion. Second, the literature shows the importance of amenities in explaining urban sprawl. Amenities may be exogenous or endogenous. Exogenous amenities are provided by natural features in the landscape. Endogenous amenities are provided by human activities, such as local public services and agriculture. Third, apart from Cavailhès et al. (2004), no study explicitly models agricultural amenity. However, Cavailhès et al. (2004) considered that the amenity is proportional to the agricultural area, which does not reflect the nature of the farm. According to their model, extensive farms produce the same level of amenities as intensive agriculture.
An important issue in our thinking about the role of agriculture in the process of urban sprawl is to take into account the spatial structure of farming at the urban fringe. This requires a better understanding of the spatial variation of agricultural amenities.

2.2. Some stylized facts about the interactions between agriculture and cities
Several studies show that Farming at the urban fringe is intensive in terms of non-land inputs such as labour, capital, equipment or fertilisers. Further away from the city, rural agriculture relies more on land. This Thünenian spatial organisation has been thoroughly described in the literature (Beckmann, 1972; Katzman, 1974; OECD, 2009). If farming is more intensive closer to cities, this is generally because farmland is more expensive and is therefore substituted by non-land inputs. There are two reasons for this. The first is historical and dates back to von Thünen. In an economic space, where farmers transport their produce to the city, farmland rents decrease in line with transportation costs. In a neoclassical framework, land use and crop management are more intensive close to the city (Beckmann, 1972). The second, modern reason is linked to urban growth dynamics. Land conversion expectations and development irreversibility generate a growth premium and an option value which decrease with distance from the city and make up the agricultural component (agricultural returns) of farmland prices (Capozza & Helsley, 1989, 1990). Empirical investigations in the U.S. and in Europe show that both of these factors explain the observed negative gradient of farmland prices away from the city (Plantinga et al., 2002; Cavailhès & Wavresky, 2003; Livanis et al.,2006; Wu & Lin, 2010).

Heimlich & Barnard (1992) in the U.S. and Cavailhès & Wavresky (2007) in France have shown that farming at the urban fringe consumes significantly more inputs per hectare than farming further away. Because both positive and negative agricultural amenities are considered to be joint products of agricultural production (Abler, 2004; Hodge, 2008), because people value agricultural externalities (see Bergstrom & Ready (2009) for a review) and because urban development occurs mostly on farmland we can expect urban sprawl and agricultural intensity to be deeply interconnected. Hence, the problems associated with agricultural externalities (e.g. odours, nutrient run-off, water pollution, loss of hedgerows, landscape modifications, etc.) and land use conflicts are likely to be more severe at the urban fringe.
Otherwise, to improve the land resource, farms carry out stewardship practices such as the maintenance of hedges and tracks, drainage, erosion control, and crop rotation. These practices also have the advantage of providing a range of environmental goods and services. These positive externalities of production can be considered as agricultural amenities, which may be highly valued by periurban residents (Huylenbroeck,1999). Insofar as agriculture has an undeniable spatial dimension, we can deduce that the spatial distribution of agricultural amenities is not an exogenous phenomenon. Thus, there is evidence that farmland amenities are significantly valued (e.g. Bastian et al., 2002). Using conjoint analysis, Roe et al. (2004) have shown that the amenity value of preserved farmland is high, relative to the additional transportation costs of being located near to open-space amenities. Irwin & Bockstael (2004) have shown that open-space preservation policies may induce the development of neighbouring parcels of land. Recently, Towe (2010) has measured these side-effects for the Conservation Reserve Program (CRP)
. Using the propensity score matching method, he has shown that parcels treated (i.e. preserved) under the CRP have significant effects on surrounding parcels, doubling their probability of development, and thus modifying development patterns. In Europe, land preservation is mostly concealed within urban zoning policies6. Using the same method, Geniaux & Napoléone (2011) have shown that, in France, agricultural designation areas have significant effects on development patterns. Communes
, with non-building agricultural and natural areas experience higher levels of development and urban growth than others. Geniaux & Napoléone (2011) attribute their results to an amenity effect generated by farmland and the protection of natural areas.

2.3. Urban sprawl occurrence under spatially varying agricultural bid-rent and amenities (See Appendix A for the complete paper)
This first theoretical contribution formally examines the relationship between urban spatial structure and agriculture. To highlight the importance of agricultural amenities, a monocentric city model has been developed which explicitly considers the behaviour of farmers à la von Thünen and identical households working in a predetermined CBD. Equilibrium is reached through a competitive land market. 

By endogenising agricultural amenities, we offer an intuitive explanation of the role of agriculture in the explanation of urban sprawl. The results of the model illustrate potential variations in urban structure dependent on the nature of the farms and their distance from the city (see Figure 1). Thus, farms close to the city tend to be relatively intensive, generating a low level of agricultural amenities. However, further away from the city, the rural landscape is characterised by a more extensive agriculture, which provides a relatively high level of amenity. Some households enjoy living close to agricultural amenities and accept the associated long commute to work. When the households’ bid-rent function is higher than that of farmers, leapfrog development is more likely to occur. What makes this scenario possible is the existence of a high level of amenities in the area of extensive agriculture, far from the city. In the existing literature, theoretical approaches that aim to explain fragmented residential development patterns are either based on exogenous sources of amenities (as in Wu (2006)) or on heterogeneity in land-owners’ expectations, involving time dependent processes (as in Capozza & Helsley (1989)).
Figure 1: Jointness between agricultural production and externalities at the urban fringe
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The introduction of farmers’ behaviour in an urban economics model was performed by Cavailhès et al. (2004), but could not explain the potential fragmentation of residential development across space. In the light of these results, our main contribution is to conclude that, even in absence of a particular landscape feature or any exogenous source of amenities, urban sprawl characterised by a fragmented development pattern can be a natural configuration for a city surrounded by a spatially varying agricultural environment. In order to simulate the bid-rent curves, we applied our model using data relating to the French context. For each parameter, we determined the thresholds, minimum and maximum, which allow the occurrence of leapfrog development. When households have a high preference for agricultural amenities and when agricultural activity is characterised by an intermediate capacity to provide amenities, the occurrence of isolated urban areas through leapfrog development is more likely.
Our approach can be used to test public policies that aim to control urban sprawl. But, needless to say, any public policy that ignores the spatial dimension of agriculture may exhibit limitations. A policy that aims at regulating residential development may have unexpected effects, due to the close interactions between agricultural activity and households’ choice of residential location that occur in these specific mixed land use areas. Conversely, the introduction of a spatially varying agricultural activity also allows to test specific agricultural public policies. Here again, policies aiming at promoting positive environmental externalities may have unexpected side-effects, considering that the level of externalities is valued by households. Besides, the specification of the agricultural amenities distribution could be reconsidered, in particular by considering suburban development as a negative externality for farmers. 

2.4. Agri-environmental policy and urban sprawl patterns (See Appendix B for the complete paper)
This second contribution has identified the spatial effects of a voluntary-based agri-environmental policy in the context of suburbanisation. Noting that the presence of natural amenities is a strong driver for urban sprawl, we modelled a monocentric city where amenities are generated by farmers whose behaviour is endogenised. The model presented above allows us to better understand the potential connections between spatially varying amenities and the location decision of households, particularly in the case where a public policy is introduced encouraging farmers to produce amenities. Our theoretical results are consistent with empirical studies that have been carried on to study these connections (Irwin & Bockstael, 2004; Roe et al., 2004; Towe, 2010; Geniaux & Napoléone, 2011).
Depending on the characteristics of the AEP, and on the extent of their adoption by farmers, we identify several effects on urbanisation patterns. The taxation of households, in order to fund the policy, leads to a decrease in household bid-rents, which, in our open city model, means a smaller city and smaller peri-urban area. However, depending on the location of the regulated area, we identify an undesirable side-effect of the policy, this being the emergence of additional leapfrog development. Indeed, if the measure is adopted to a large extent and within an accessible area, the level of agricultural amenities provided by agriculture increases, and becomes an incentive for households when making location decisions and thus encourages development where permitted. The net effect of agri-environmental measures on urban sprawl therefore depends on the negative effect of taxation and the positive effect of increased amenity (see Figure 2). 

Although the global level of welfare doesn’t vary because of our open-city assumption, our analysis of the welfare impacts of the introduction of an AEP within our model allows us to identify various redistributive effects for each agent. Urban households are taxed to fund the policy but gain no benefit from it; therefore their level of welfare tends to decrease following the introduction of the policy. The same remark stands for periurban households leaving in a non-regulated area. However, the impact on welfare can be positive for farmers, through the subsidy level and reduction in land competition; but also for peri-urban households living in the regulated area, through the increased amenity level.

Figure 2: Effects of the agri-environmental policy on the suburban area
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We have highlighted the fact that an agricultural policy may not be neutral with regard to the competition for land use. Our recommendation is that, within a given territory, agricultural and land-use policies should take account of these relationships and be based on a more holistic approach that better reflects these interdependencies. 
Our model could be improved by considering different assumptions on the jointness between agricultural production and amenity provision. As discussed previously, the interactions between agricultural activity and rural services are a rather complex phenomenon, whereas our approach is simplified into a case where agricultural outputs and positive externalities provision are competitive, as in US and Australian cases. The model can be improved by introducing spillover effects of externalities provision, which would allow us to consider cases such as biodiversity conservation, water pollution or erosion effects. 
2.5. Spatial targeting of agri-environmental policy and urban development (See Appendix C for the complete paper)
Widespread public support exists for the provision of natural amenities, such as lakes, rivers or wetlands, and for efforts to preserve these from agricultural pollution. Agri-environmental policies contribute to these efforts by encouraging farmers to adopt environmentally friendly practices within the vicinity of these ecosystems. A spatially targeted agri-environmental policy promotes natural amenities and may thereby affect household location decisions. We built a model of a monocentric city where this interplay is made explicit. Existing urban economics models assume that amenities are either exogenous (Brueckner et al., 1999; Wu & Plantinga, 2003; Wu, 2006) or proportional to agricultural land share (Cavailhès et al., 2004; Bento et al., 2011). We have modified these models by allowing the level of amenities to vary spatially with farmers’ behaviour. In this endogenous setting, farming is more intensive and more polluting close to the city. We then introduce an AEP which is spatially targeted to protect a given watershed in the urban-influenced area. 
The implementation of the AEP depends on its adoption by farmers, which in turn depends on the opportunity cost of the land. When adopted, the AEP enables water pollution from agriculture in the watershed to be regulated. However, it also increases the attractiveness of the watershed for residential development. Inevitably, and in accordance with empirical findings by Hascic & Wu (2006) and Atasoy et al. (2006), the subsequent urban development lowers the environmental efficiency of the AEP. Thus, our model is in line with land use models and empirical evidence developed by Newburn et al. (2006) and Langpap et al. (2008). We have provided a rigorous framework with which to analyse these policies in an urban setting. Contrary to Wu & Irwin (2008), who provide an insightful analysis of the dynamic of a city, our approach is static, focusing on the AEP effects. Although designed to adress ecological issues, the introduction of a spatially targeted AEP may produce unexpected side effects in terms of urban development. Depending on the restrictiveness and level of subsidy characterising the policy, we may end up in a situation where land development is significantly accentuated, or conversely, to a situation where this effect is not observed. 
The occurrence of additional land development can be explained by the following economic mechanism. By reducing the pollution in the ecosystem, the implementation of the policy also favours the improvement of its quality as an amenity. More households may then be encouraged to locate further from the city and nearer to the lake to enjoy this increased level of amenity. However, this mechanism is counterbalanced by the fact that, by receiving the associated subsidy, participating farmers may have the opportunity to resist developers’ bids for land. The relative weight of both mechanisms depends on which farmers adopt the policy within the target area (see Figure 3).
Figure 3: Agricultural intensity gradient and decision to adopt the policy
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More generally, authors have highlighted that basing an AEP solely on cost or benefits criteria is less efficient than a policy based on the benefit to cost ratio (Babcock et al., 1997; Uthes et al., 2010). Following the results of our model, we therefore propose the idea of double spatial targeting, which should consider both benefits - a decrease in the level of agricultural pollution and an improvement in the level of amenity - and costs - additional urban development and residential pollution - resulting from the implementation of an AEP.

The first target is the decision to direct the policy solely at potential polluters, i.e. the designation of the watershed as the target area. The second spatial target involves taking into consideration the heterogeneity of farmers’ behaviour. Depending on their optimal intensity level, farmers are likely either to adopt the policy or not. Thus, the choice of subsidy and restrictiveness of the policy is crucial. Within the watershed, participating farmers can be located either in an area which is likely to be developed first or in an area relatively safe from development. If the adopting area is not likely to be developed first, the AEP should achieve its main aim to decrease the flow of pollution, leading to a high level of benefit. However, improvements in the quality of amenities might lead to competition for land in favour of developers, in the area between the lake and the city, meaning a cost in terms of undesirable residential development. If the adopting area is likely to be developed first, the effects in terms of pollution reduction might not be significant, as farmers may already be more intensive in this area, and the policy should be less restrictive to convince them to adopt. This situation leads to a low benefit in terms of agricultural pollution. On the other hand, farmers may have the opportunity to increase their bid-rent, thereby counterbalancing the undesirable side effects in terms of suburban development (see Figure 4).

Figure 4: Double spatial targeting
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Obviously, these two cases are extreme ones. There are intermediate situations where the AEP could achieve its aim without creating undesirable side effects. To meet these intermediate cases, authorities must therefore carefully design their policy, anticipating the areas where farmers would be likely to adopt, and evaluating the risks in terms of suburban development. We have also highlighted that, taking into account residential pollution, the additional land development following the implementation of the policy also leads to an increase in the level of residential pollution reaching the lake. Hascic & Wu (2006) have shown that water quality can be affected both by agricultural and residential pollution, in similar proportions. Authorities should therefore have an accurate idea of how residential land use might pollute the ecosystem they wish to protect, in order to avoid generating contradictory effects.
3.  Summary review of the main empirical results
On the empirical level, LUPUS provides empirical evidence that helps to answer several key questions relating to the extent and causes of urban sprawl in Europe. Before presenting our empirical results, first let us recall the main empirical approaches. 

3.1.
Empirical approaches

Several empirical studies have been undertaken to test the empirical validity of the monocentric city model. Brueckner and Fansler (1983) utilised. cross-sectional data from 40 small metropolitan regions in the United States using linear and non-linear Box-Cox regressions. They found that income, population and agricultural rent were statistically significant determinants of urban land area. However, the coefficients of the variables measuring commuting costs were not significant. They used two proxies to measure the commuting cost: percentage of commuters using public transit and percentage of households owning one or more automobiles.

Using a panel data set for 33 United States metropolitan statistical areas, McGrath (2005) found similar results to Brueckner and Fansler (1983), except for the coefficient on the commuting costs variable , which was statistically significant. Both studies used different proxies for commuting costs. In order to capture the time-variant unobservable factors, McGrath (2005) included a time trend variable to control for the fact that the data covered five decades. Song and Zenou (2006), estimated a model relating an urbanized area's size to the property tax rate and other control variables such as population, income, agricultural rent, and transportation expenditure. Their study covered 448 urban areas in the US. They found that higher property taxes result in smaller cities. For the other variable, they confirmed the predictions of the monocentric city model, except for the coefficient of the agricultural rent variable which was not significant. They explained this result by arguing that the constructed weighted average of agricultural land rent for the urbanized area did not reflect the actual agricultural land rent at the periphery of the urbanized area.

In addition to the key variables of the monocentric city model, Burchfield et al. (2006) included different environmental and geographical variables to account for differences between cities. Sprawl in their study is measured as the amount of undeveloped land surrounding an average urban dwelling. This involves capturing the extent to which urban development is scattered across undeveloped land. They concluded that sprawl in the United States between 1976 and 1992 was positively related to ground water availability, temperate climate, rugged terrain, decentralized employment, early public transport infrastructure, uncertainty about metropolitan growth, and low impact of public service financing on local taxpayers.

In the context of developing countries, Deng et al. (2008), and Shanzi et al. (2009) investigate the determinants of the spatial scale of Chinese cities using a consolidated monocentric city model. Consistent with a number of the key hypotheses generated by that model, their results demonstrate the crucial role that income growth has played in China's urban expansion. Similarly, while Deng et al. (2008) find that industrialisation and the rise of the service sector both appear to have influenced the growth of urban development, they conclude that the role of these factors was relatively minor compared to the direct effect of economic growth. In addition, Shanzi et al. (2009) illustrate that the urban spatial scale of Chinese cities is better understood by using a model that consolidates features of both closed and open city models. In another paper, Deng et al. (2010) estimated the elasticity of economic growth on urban land expansion in China by using spatial statistics. Using these techniques they filter out the effects associated with spatial dependencies that can distort the relationship between GDP growth and the size of the urban core.

All of these studies confirm that the monocentric city model is empirically robust. The economic variables identified by this literature explain the majority of spatial variation in the sizes of cities in different contexts. Moreover, many other geographical variables have also been found to play an important role in explaining urban expansion.

 It should also be noted that some models have included variables that measure the ethnic composition of the population (e.g. Selod and Zenou, 2006) and crime rates (e.g. Freeman et al., 1996). In the American context, it was established that increases in the percentage of ethnic minority populations within cities and rising city centre crime rates both led to a growth in urban sprawl. The latter has been explained by the desire of many residents to improve their personal security by moving further away the central area of the city. In a European context, Patachini and Zenou (2009) confirm the positive impact of higher crime rates on sprawl, but observe the opposite effect for the impact of ethnic minority populations.

Although there is evidence that urban sprawl is a multidimensional issue that should be measured in a particular way (Arribas-Bel et al., 2011), each of the previous empirical studies examines only a single dimension of sprawl, i.e. the urbanised area or population density. Chin (2002), however, identified four definitions of urban sprawl based upon: urban form; land use; impacts; and density. In definitions based around urban form, sprawl is positioned against the ideal of the compact city, any deviation away from which may be regarded as sprawl. By contrast, the land-use perspective tends to associate sprawl with spatial segregation and with the extensive mono-functional use of land. An alternative definition is based on the impacts of sprawl. Here it is suggested that sprawl can be defined as any development pattern leading to poor accessibility among related land uses (Ewing, 1994). Finally, the density approach considers the relationship between sprawl and the number of people living in a given land area and concentrates on the intensity of land use, i.e. where a decrease in the population density of an urban area can be an indicator of urban sprawl.

Chin (2002) also identifies three main dimensions of urban sprawl, respectively based around: urban spatial scale; population density decline; and scattered urbanisation. These are used to provide the rationale for the indicators used in this study.

3.2. Empirical contributions (see Appendix D for the complete study)

LUPUS has identified and gathered existing data that can be used to identify the key determinants of urban sprawl across a large sample of European cities. We base our analysis on the well-known monocentric city model, which identifies population, income, transportation cost and the value of agricultural land as essential drivers of sprawl. In addition to these economic variables, other geographical, socio-cultural and climatic factors, highlighted by the literature, are also considered.

Our study makes two main contributions to the empirical literature on urban sprawl. The first concerns the measurement of sprawl and makes some observations about the data that is available for this purpose. Two complementary indices of sprawl were used, the first reflecting the change in spatial scale and the second the fragmentation processes that are observed when large urban areas grow. By considering these two indices, we sought to ascertain whether the factors that lead to the expansion of urban areas are also responsible for discontinuities in its spatial configuration. Both indices were calculated using Corine Land Cover data sets for three reference years (1990, 2000 and 2006). Moreover, we used a range of data sources to build a complete and consistent set of explanatory variables for a sample of 282 European Large Urban Zones (LUZ). To our knowledge this is the first time that a study of this magnitude and scope has been conducted in the European context (see Figure 5).

The second important contribution of this study is related to the econometric techniques used in the estimation of the indices. Unlike previous studies, a comprehensive analysis of panel data is conducted to account for unobservable individual heterogeneity and to determine the best estimation method for each index. Several tests were used to choose between alternative panel data estimators. Specifically, a modified random effects-type model (the Hausman–Taylor method) is used, which allows us to control for endogeneity bias while, simultaneously, identifying the estimates for the time-invariant regressor.

Figure 5: Study area with Urban Atlas Cities for supra-national regions
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Our results show that when urban sprawl is approximated by the spatial scale, i.e. changes to the artificial area within the LUZ, they clearly confirm the predictions of the monocentric city model. Thus, the coefficients of the main explanatory variables in the model are significant, with the expected signs. In addition, the significance of these variables does not change when other explanatory variables are introduced. While increasing income per capita and population growth are clear drivers of the expansion of urban areas, the models reported in this paper highlight the importance of the productivity of adjacent agricultural land as a factor discouraging the outward growth of cities. High productivity maintains or increases land values and makes development on the urban fringe more expensive and therefore less attractive. This economic restriction to the supply of available land may be supported by planning regulations, which limit the availability of land in the urban fringe for development.

In terms of explaining the fragmentation of urban areas, the growth of income and population are far less important.  A few other factors, such as altitude or terrain, are shown in the model to increase the tendency towards fragmentation but much of the variation is left unexplained. It is suggested that urban planning policies and land availability may be particularly influential in determining the level of fragmentation, along with any other factors that reduce the outward growth of cities and therefore encourage in-fill development in the interstices between fragments.

Some limits of our study must be acknowledged, such as our current inability to include variables relating to important political and institutional factors, such as land supply and zoning, that are likely to affect both urban scale and fragmentation. The model also omits information on some specific geographical features therefore limiting our ability to explore the variation in urban sprawl indices more deeply. It is also possible that there may be complex interactions between some environmental factors (such as coastal and mountain amenities) and urban sprawl, that are not accounted for in our model.

Although we have not accounted explicitly for the role of land use policies (mainly due to the lack of data), our study can provide some insights into the design of policies seeking to control sprawl. While environmental and landscape protection are important aims, such policies should not ignore the important economic mechanisms that can drive urban sprawl. This research confirms that in many cities. urban sprawl is associated with increasing wealth. Therefore policies that limit the expansion of urban areas may risk restricting economic growth, as house prices within the LUZ increase, development land becomes scarce and individuals and businesses decide to relocate to cities where there is still room for new development on the periphary. 
5. Conclusion

The project LUPUS has attempted to provide some theoretical and empirical answers to the questions posed by public policy makers in Europe. In particular, we have made several analyses on the role of agriculture and agricultural policies at urban fringe. Because agri-environmental policies may locally increase land scarcity and provide the environmental services demanded, it is reasonable to think that they have side-effects and may induce development locally.
Policy makers reluctant to place regulatory restrictions on sprawl but who are concerned about the loss of environmental quality or amenity from the development of the urban fringe, may wish to consider other policies that use the market to discourage the outward expansion of cities. Our results suggest that agricultural productivity, and by extension profits, can restrict development by driving up land prices around cities. Therefore the adoption of policies that have a positive impact on farm incomes on the urban periphary can have a direct impact on reducing the likelihood of outward sprawl, while at the same time potentially encouraging the development of non-urban areas within the LUZ boundary, therefore reducing urban fragmentation and making the city more compact. Within such compact cities, achieving low crime rates and maintaining a vibrant cultural life appear to be key considerations when encouraging residents to live close to the city centre rather than in the outer suburbs.  These conclusions appear to offer some support for those who argue that planners should implement policies that encourage an urban morphology that maximises the quality of life for residents, while at the same time minimizing the environmental impacts of urban growth.
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