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Green'amenities attract households into the countryside around cities where a mixed residential and agricultural land use prevails. We model a land market where two rents co-exist for those two land uses, and de-…ne the zoning scheme that maximizes landowners' rent by providing to households the optimal quantity of agricultural amenities. Urban con-…gurations and analytical properties of the equilibria are presented. An evaluation of the main e¤ects of zoning is made for the Dijon (France) periurban belt, by an econometric model with a selection bias: zoning provides more 'greenness'in view from residences, due to abundant public open spaces.

Introduction

Rural areas in the developed world, and particularly those close to large cities, have been exhibiting positive population shifts for several decades. The decline in population of the countryside that had been witnessed for several centuries has been reversed. This movement may take on any of several forms, such as 'periurbanization'in France (Le Jeannic [START_REF] Jeannic | Trente ans de périurbanisation : extension et dilution des villes[END_REF]), 'counter-urbanization'in the UK (Champion [13]), 'suburbanization' (Mieszkowski and Mills [34]) and 'urban sprawl' (Brueckner and Fansler [6]) in the USA, etc. Households are looking for places to live with low population densities (Gordon and Richardson [START_REF] Gordon | Are compact cities a desirable planning goal ?[END_REF]) and with 'green'amenities (Brueckner et al. [8]). This causes land-use and urbanplanning challenges for local authorities (Brueckner [5]; Glaeser and Kahn [START_REF] Glaeser | Sprawl and urban growth[END_REF]). It is against this background that the role of 'green'amenities in explaining this outmigration from cities has come onto the scienti…c agenda.

Some recent models focus on accessibility/remoteness to open spaces such as golf courses or nature reserves. Other models emphasize the consumption of a 'green'place to live in, such as enjoying beautiful landscapes, adjacent wooded or farmed plots, etc. In the latter case, which is the one of interest in this paper, households do not travel to enjoy these amenities; they are there on their doorsteps. This means that space is mixed, whether in full (continuous metrics) as in Cavailhès et al. [START_REF] Cavailhès | The Periurban City. Why to Live between the Suburbs and the Countryside?[END_REF] or in part (discrete metrics) as in Caruso et al. [START_REF] Caruso | Spatial con…gurations and cellular dynamics in a periurban city[END_REF], Parker and Meretsky [START_REF] Parker | Measuring patterns outcomes an agentbased model of edge-e¤ect externalities using spatial metrics[END_REF] or Turner [START_REF] Turner | Landscape preferences and patterns of residential development[END_REF]. Mixed land uses raise the problem of the level of land rent. On a competitive land market, the landowner leases her land to the highest bidder, which may be either a household or a 'farmer'(i.e. the agent producing the 'green' amenity). If landowners are indi¤erent to the type of tenant, residential and agricultural land rents must be equal so that the space can be mixed. And yet, in the actual word, the price of developable land is 10, 100 or even 200 times more expensive than adjacent farmland.

Here we study the land market in a mixed (farming and housing) periurban belt where agricultural and residential rents may be di¤ erent. We begin by analyzing the mechanism of this market with endogenous 'green' amenities: on the one hand, the bid rent from households depends on the volume of agricultural amenities available to them, and on the other hand, those amenities are produced by farmers who have their own bid rents. On a competitive market where households'bid rents are higher than farmers'ones, the formers outbid the latters and landowners, if they are small agents on the market, would lease exclusively to households. The ensuing reduction in the volume of agricultural amenities would generate a decline in the residential bid until both bids were equal. Equilibrium would be attained, but not the optimum as the landowners' rent would not be the maximum **(we show that it is equivalent to maximize the land rent and the welfare of the economy on the whole)**.**1 ** To maximize the sum of the residential and agricultural rents of this mixed space, it is thus necessary to maintain a larger volume of amenities, hence of farming, than the one in the competitive equilibrium. Non-market intervention, such as a land zoning scheme, is required to attain such optimal proportion of residential and agricultural use, as determined here. 2We compare equilibrium with and without zoning, showing that zoning has substantial e¤ects. The outer boundary of a mixed periurban area does not depend upon the existence of a zoning scheme, but the inner specialized city contracts to the bene…t of the outer periurban belt when optimal zoning is adopted. The comparative statics of the model shows that increasing the income of the households extends the specialized urban space without having any e¤ect on the width of the periurban belt. On the contrary, a reduction of the transportation costs widens this belt. The con…guration of the metropolitan area depends also on the elasticity of the preference of the households for the agricultural amenities.

We apply our model to the periurban belt of Dijon (France) to test some of its predictions. Heckman's [START_REF] Heckman | Sample selection bias as a speci…cation error[END_REF] and matching methods for evaluating public policies with no experimental samples allows us to estimate the e¤ect of zoning while taking into account the selection bias (i.e., the municipalities where a zoning ordinance was adopted do not have the same characteristics as those that did not, and the "conterfactual" cannot be observed [START_REF] Mcmillen | Could Zoning Have Increased Land Values in Chicago?[END_REF]).

Several works have shown that utility is essentially brought to the residents by the 'green' in the immediate vicinity of their houses more than by remote …elds and forests. Using the …ndings of a geographical model that analyses the actual view from a house, we can compare the share of agriculture and treecovered areas in sight from any house of the database. The results show that the quantity of green area within a radius of 300 m around the houses is signi…cantly higher in communes with zoning, which con…rms its role in the management of green amenities. We also show that, as expected, the lot size is lower where zoning exists, which follows the prediction of the model.

The remainder of this paper is organized in this way. Section 2 presents some stylized facts. The model, and then the results for the maximization of the land rent, are presented in Section 3. Section 4 presents the application: the study area, data, econometric model and the …ndings. Finally, section 5 concludes.

Stylized facts 2.1 Nearby ' green'amenities

A great deal of work has been done on the valuation of open spaces such as parks, golf courses or nature reserves (e.g. Bates and Santerre [START_REF] Bates | The public demand of open space : the case of Connecticut Communities[END_REF]; Bolitzer and Netusil [START_REF] Bolitzer | The impact of open spaces on property values in Portland, Oregon[END_REF]; Cheshire and Sheppard [START_REF] Cheshire | On the Price of Land and the Value of Amenities[END_REF], [START_REF] Cheshire | The introduction of price signals into land use planning decision-making: a proposal[END_REF]; Geoghegan et al. [START_REF] Geoghegan | Spatial landscape indices in a hedonic framework: an ecological economics analysis using GIS[END_REF]; Irwin [START_REF] Irwin | The e¤ects of open space on residential property values[END_REF]; Paterson and Boyle [START_REF] Paterson | Out of sight, out of mind? Using GIS to incorporate visibility in hedonic property value models[END_REF]; Roe et al. [START_REF] Roe | The e¤ects of farmland, farmland preservation, and other neighborhood amenities on housing values and residential growth[END_REF]; Smith et al. [START_REF] Smith | Treating open space as an urban amenity[END_REF]; etc.). Most, though surprisingly not all, of the works using the hedonic price method conclude that open spaces are positively priced. This is the conclusion always reached, though, when using the contingent valuation method.

Many articles show how important it is for homes to be close to or even next to open spaces. Households value such areas when they are very close to home: contiguous (e.g. Thorsnes [START_REF] Thorsnes | The value of a suburban forest preserve: estimates from sales of vacant residential building lots[END_REF]; Mooney and Eisgruber [START_REF] Mooney | The in ‡uence of riparian protection measures on residential property values: the case of the Oregon plan for salmon and watersheds[END_REF]) or a few tens or at most a few hundreds of metres away (400 m for Geoghegan et al. [START_REF] Geoghegan | Spatial landscape indices in a hedonic framework: an ecological economics analysis using GIS[END_REF], 600 metres for Tyrväinen and Miettinen [START_REF] Tyrväinen | Property prices and urban forest amenities[END_REF], 100 metres for Kestens et al. [START_REF] Kestens | The impact of surrounding land use and vegetation on single-family house prices[END_REF], etc.). For example, Thorsnes [START_REF] Thorsnes | The value of a suburban forest preserve: estimates from sales of vacant residential building lots[END_REF] shows that in the Grand Rapids region (Michigan), land adjoining a forest worths 19-35% more than average but that the premium disappears for houses where a road needs to be crossed to reach the forest.

The importance of the immediate neighborhood relates to an analysis in terms of proximity interactions among economic agents (Fujita and Ogawa [START_REF] Fujita | Multiple Equilibria and Structural Transition of Non-monocentric Urban Con…gurations[END_REF]), as suggested by Cavailhès et al. [START_REF] Cavailhès | The Periurban City. Why to Live between the Suburbs and the Countryside?[END_REF] and Turner [START_REF] Turner | Landscape preferences and patterns of residential development[END_REF]. It prompts the modelling of mixed land uses, where agricultural and residential land uses are interwoven. Accordingly, Cavailhès et al. [START_REF] Cavailhès | The Periurban City. Why to Live between the Suburbs and the Countryside?[END_REF] propose a model where an agricultural externality is capitalised in land values, allowing the household bid rent to be higher than it would otherwise be. A quantity of amenities, which is endogenous to the model, ensure the equilibrium of the land market. We place ourselves in the line of this article.

Urbanization premiums

However, mixed land use does not result in equal land values in a given location: neighboring plots sold for development or farmland command very di¤erent prices. For example, the multiplier between land values for agricultural and urban uses found by Mori [START_REF] Mori | Land conversion at the urban fringe: A comparative study of Japan, Britain and the Netherlands[END_REF] varies between 50-200 times in the areas surrounding expanding cities in Japan and Britain. Likewise, according to Cheshire and Sheppard [START_REF] Cheshire | The introduction of price signals into land use planning decision-making: a proposal[END_REF], 'in about 2000 when the market price of agricultural land at the urban fringe [of Reading] was some £ 2500 per acre, the price of residential land was at least £ 2 million per acre'. The same is true of France: 'the price hike in raw land for development in periurban areas may soar to as much as 100 times the agricultural value', as reported by Comby [START_REF] Comby | Le compte à rebours de l'immeuble au terrain[END_REF].

Land zoning schemes

Despite such di¤erences, landowners do not sell all of their property to households, because there would be fewer agricultural amenities or even none at all. To maximize the land rent there is an optimal proportion between farmland, which is cheap but produces amenities, and residential land, which is more expansive because it enjoys the agricultural setting. This proportion cannot be obtained on a competitive market, the externality entailing a market failure. It is set by the landowner in the case of a land monopoly, as in Brueckner [START_REF] Brueckner | The economics of urban yard space: an 'implicitmarket'model for housing attributes[END_REF], whereas a zoning scheme may be required to maintain it on a market, as in McMillen and McDonald [START_REF] Mcmillen | Could Zoning Have Increased Land Values in Chicago?[END_REF].

Zoning schemes are commonly justi…ed for restoring the economic optimum when externalities entail market failures, as shown by Mirrless [START_REF] Mirrlees | The optimum town[END_REF] and Mills [START_REF] Mills | Is Zoning a Negative-Sum game?[END_REF], among others. For the latter 'the economic purpose of zoning is to remedy market failure stemming from externalities among urban land uses'. By maintaining amenities that contribute to households' residential environment, zoning raises the price of residential plots (Brueckner [4]). Here we propose a model similar to that of McMillen and McDonald [START_REF] Mcmillen | Could Zoning Have Increased Land Values in Chicago?[END_REF], with a zoning scheme which imposes that proportion of agricultural land and residential plots that maximizes the landowners'rent.

3 The model

The space and the agents

The space. The space is a straight half line X = [0; +1[. At the origin of X lies a pre-determined central business district (CBD) where all non-agricultural jobs are concentrated. 3 Locations are de…ned by their abscissae x. X is occupied by households and farmers, who freely migrate from/to the rest of the world ('open city'model). They rent land from absentee landowners who allocate it by an auction process in order to maximize their pro…ts.

Households work at the CBD and live on plots of size S(x), which are located either in a specialized urban zone (subscript u) or in a mixed residentialagricultural periurban zone (subscript p).

Farmers are located either in the periurban zone or in an exclusively rural zone (subscript r). Farmers located at x produce not only an agricultural output, but also amenities enjoyed by the households dwelling at x.

Space allocation is governed by the land market as the result from the bids of households and farmers and the behavior of landowners. The area occupied by households and farmers cannot exceed the amount of land available at x, which is normalized to 1, without loss of generality:

n(x)S(x) + S a (x) = 1; (1) 
where S a (x) 2 [0; 1] is the share of land used for agriculture and n(x) the number of households living in x. In short, a specialized urban space prevails i¤ S a (x) = 0, a mixed periurban space i¤ 0 < S a (x) < 1, and a specialized rural space i¤ S a (x) = 1. It should be noted that, in (1), x is not exactly a point, but an area where several households and farmers rent land to several landowners.

Farmers. Farmers produce output from a single input, land, by a technology with constant returns to scale (the number of farmers at x is therefore indeterminate). We assume, without loss of generality, that one unit of farmland produces one unit of output. The output is sold on international markets. 4 The gross bene…t is R a , which is the opportunity land rent, and it is equal to the farmer's bid rent.

Households. A household living at x occupies a plot of size S(x). It consumes a quantity Z(x) of a composite good made up of all a-spatial goods and taken as the numéraire, and it enjoys an amenity A(x).

In a specialized urban area, an urban amenity, A u , exogenously given, is introduced for a technical reason (see below) and taken as the measurement unit for amenities (without loss of generality): A u = 1. Urban amenity is not available outside specialized urban areas. In a mixed residential and agricultural space, an amenity, A p , is produced by farmers. To simplify, we posit a linear relation: A p = S a + 1. In general

A(x) = A u (x) + A p (x) = 1 + S a (x): (2) 
Thus, A(x) cannot be null, a necessary property of the Cobb-Douglas utitily function that we adopt:

U = 1 Z(x) S(x) A(x) ;
where S, Z and A are the arguments of the function, with + = 1 and > 0. The household's budget constraint is

Z(x) + R(x)S(x) = w tx;
where w is the household's income, t is the unit cost of transport and R(x) the unit land rent at x. Migrations with the rest of the world, whose utility level is U = 1, are costless. The usual …rst-order conditions lead to the indirect utility function V and the bid rent function :

V (x; A; R) = w tx R(x) A(x) ; (x; A) = (w tx) 1 A(x) : (3) 
We deduce the demand function for the composite good and for the land:

Z(x; A) = (w tx); S(x; A) = (w tx) 1 1 A :
Some properties of the household's bid rent and of the land demand function can be established, by calculating the …rst and second derivatives of and S: (i) the household's bid rent is increasing in A for a given x; it is an expected property, because amenities are capitalized into the residential land price. (ii) The bid rent is convex in A when < , linear when = , and concave when > : the more amenities are enjoyed vis-à-vis the lot size in the utility function, the faster the bid rent increases with amenities. (iii) For a …xed value of A, the bid rent is decreasing and convex in x for any value of the parameters: other things been equal, the bid rent gradient is negative in distance. All in all, the usual and expected properties of the residential bid rent of standard urban economics are respected when the amenity is added to the consumer's program.

It is also easy to show also that at a given place the lot size is a decreasing and convex function of A and that, for a …xed A, S is a decreasing convex function of x, properties symmetrical to the bid rent properties.

Landowners. Let us consider the absentee landowner of a plot located at x. She owns a plot of size s(x) that is small in regard to the land available at x (normalized to 1): s(x)

1. We suppose that the area in x is large enough to make possible both the small agent hypothesis to hold on the land market and the existence of local spillovers at x. Moreover, we assume that agriculture at y 6 = x does not in ‡uence household's utility at x. 5The plots may be hired to farmers and/or households. Renting to a household involves a land-servicing cost of v per unit area. 6If the x's landowners as a whole allocate a proportion S a of land to farmers and the rest to households their individual rent will be equal to:

s(x)R(x; A) = s(x) fS a R a + (1 S a ) [ (x; A) v]g :
and the aggregated rent at x is

R(x; A) = S a R a + (1 S a ) [ (x; A) v] : Since A = 1 + S a and 0 S a 1, we have 1 A 2.
Using (3), the agregated rent function at x can be written:

R(x; A) = h (w tx) 1 A = v i (2 A) + R a (A 1); (4) 
The problem of the landowners is thus to maximize (4) subject to 1 A 2 or, equivalently, to determine the share of the land allocated to agriculture (S (x; A)). We focus on the case where each landowner is a small agent at x, because we will see that in this case the land market equilibrium is not the same on a competitive and a zoned land market. Before the analysis of these variants, we examine the equilibria that maximize (4).

Optimal provision of amenities

In this section we …rst derive the local optimum at x that maximizes the aggregated land rent by providing the optimal quantity of amenities. Second, we establish some properties of this optimal provision of amenities and of the rent as functions of the distance from the CBD. Third, we characterize the possible urban con…gurations. Fourthly, we study the extension of the specialized and mixed areas according to the model parameters.

Local optimum

Let A ? (x) denote the optimal provision of amenities at x and S ? a (x) = A ? (x) 1 the corresponding proportion of agricultural land. The maximum of (4) may be: (i) S ? a (x) = 0, i.e. a specialized urban area where R ? (x) = (x; 1) v, (ii) S ? a (x) = 1, i.e. an exclusively agricultural space where R ? (x) = R a , (iii) an interior solution 0 < S ? a (x) < 1 that implies a mixed allocation of land and the coexistence of two rents. land available at x. This acreage is large enough: (i) to contain numerous landowners, who are small agents on the land market; (ii) to prevent spillovers between communes because, as said, households are sensitive to open spaces and green amenities on a short circle around a house. In the UK, x may be an urban/rural district managed by a council, in the US it may be a local municipality where planning decisions are made, etc.

These di¤erent cases can be analytically characterized by the …rst and second derivatives of (4) relative to A. The calculation shows that, for a given x, (4) has a single in ‡ection point and changes concavity for the value e A such that:

e A = 2 +
The function is convex for A Ã (this is possible iif 3 ); in this case, the maximum of R is unique and located at the right of the in ‡ection point (because @R=@A(x; A) > 0). The function is concave when A e A. This leads us to consider two cases.

1. When à > 1. It result from ( 2) that there can never be a specialized urban space. The land rent is neither concave nor convex in the amenities. Either of two solutions may exist depending on whether holds an interior solution (and only one) with mixed land use, which is given by @R=@A [x; A ? (x)] = 0, or a corner solution, with a specialized agricultural con…guration, obtained when

@R @A (x; 2) = (w tx) 1= 2 = + R a + v 0 (5) 
, w tx

(R a + v) 2 :
This condition supposes a high agricultural bid rent, a low household income or a high commuting cost.

When Ã

1, the function R is concave on the segment A 2 [1; 2] for a given x and there is a single optimum, which may be either a corner or an interior solution. We characterize them in turn.

2.1.

The solution A ? (x) = 1, i.e. an urban specialized space, occurs when

@R @A (x; 1) = (w tx) 1= ( 1) + R a + v 0 (6) 
,

w tx R a + v 1 ! :
This supposes < .

2.2.

The solution A ? (x) = 2 , thus when farming outbids housing, is obtained when condition (5) is ful…lled.This situation requires low household disposable income and a high unit transportation cost, or agricultural rent or servicing cost.

2.3.

Finally, the interior solution arises when < 3 and neither conditions (6) nor (5) hold. Land use is mixed. The solution is the value for which the …rst derivative of (4) cancels out:

(w tx) 1= A ? (x) 1 2 ( + 1)A ? (x) + R a + v = 0:
No closed form exists for the root of this equation.

Optimum according to distance

We examine here the amenities and the rent as function of the distance from the CBD. First, Appendix 1 shows, by using the implicit functions theorem, that A ? (x) is an increasing function in x. Let ? (x) = [x; A ? (x)] be the land rent paid by the household when A ? (x) is provided at x. We only discuss the interior solution as the case of the corner solutions pertains to standard urban economics. We have

d ? dx (x) = @ @x [x; A ? (x)] + @ @A [x; A ? (x)] dA ? dx (x):
Using @ =@A, @ =@x and dA =dx, we …nd

d ? dx (x) = 2t(w tx) 1= 1 A ? (x) = 2( ) ( + )A ? (x) ; which is negative because A ? (x) > Ã = 2( )= ( + ). Let S ? (x) = S [x; A ? (x)]
be the size at equilibrium of the residential plot at x when agricultural amenities are optimal. As S ? (x) = (w tx)= ? (x), we have:

dS ? dx (x) = t ? (x) (w tx) d ? dx (x) ? (x) 2 = t(w tx) 1= A ? (x) = 1 + 2 2( ) ( + )A ? (x) :
The sign of the expression between brackets being ambiguous, di¤erent behavior of the lot size in function of the distance from the CBD are possible.

It is interesting to notice that the residential rent gradient is always negative with distance. It is a usual property in standard urban economics without amenities, but not when amenities are taken into account: the land rent gradient may then be reversed (see, e.g., Richardson1977). It is not the case here. Moreover, the slope of the lot size function may be positive or negative with distance, a new property due to a trade o¤ between commuting cost and amenities.

The partial …rst derivative of (4) with respect to x is negative and its partial second derivative is positive: whatever 1 < A < 2, the slope of the land rent in distance is negative.

The foregoing results are summarized in the proposition:

Proposition 1 For a given value of A, the land rent is decreasing, monotonic with distance and convex. When agricultural amenities are optimal, the unit rent paid by the household decreases with distance and lot size may increase or decrease.

The global con…gurations

From the preceding analysis, two con…gurations may emerge:

CPR: a specialized city (C), a periurban belt (P) and a rural area (R);

PR: a mixed residential-agricultural disk and a rural area.

The following condition

< R a + v w 1= ; (7) 
which is a mere reformulation of ( 6), allows one to discriminate between the two con…gurations: when ful…lled a city exits close to the CBD. Otherwise, the CBD is directly surrounded by a residential-agricultural mixed space. If there is a city, its external boundary x u is the single root of the equation

(w tx u ) 1= ( 1) + R a + v = 0; (8) 
which follows from the condition @R=@A(x u ; 1) = 0. The unicity of x u implies that the specialized urban space cannot be formed from several segments. Moreover, the bounds in conditions ( 6) and ( 5) are di¤erent provided that R a and v are not simultaneously zero. This implies that a periurban belt always exists. We can summarize the preceding discussion in the following proposition:

Proposition 2 A specicialized urban space can exist only if household's utility for residential plot is su¢ ciently high in regard to their utility for agricultural amenities. It occurs more readily when household income is high or the unit cost of commuting is low. Conversely, when households are very sensitive to agricultural amenities, there cannot be any specialized city.

Extension of the city

In this section, we characterize the limits of the specialized urban and the periurban zones, if any. First, provided a specialized urban zone exists, its boundary is given by equation [START_REF] Brueckner | Why is central Paris rich and downtown Detroit poor? An amenity-based theory[END_REF]. Second, it is deduced likewise from (5) that the periurban belt extends to x p , which is the solution to @R @A (x p ; 2) = (w tx p )

1 2 + R a + v = 0:
We derive from (8)

x u = w t 1 t (v + R a ) ; (9) 
under condition [START_REF] Brueckner | The economics of urban yard space: an 'implicitmarket'model for housing attributes[END_REF]. The specialized city is more extensive when household income is high, when elasticity of utility for the quantity of agricultural amenities is low, when the farmers' bid rent is low and the servicing cost is low. The unit cost of commuting has an indeterminate e¤ect on the boundary of this specialized zone. We get also

x p = w t 1 t R a + v 2 = : (10) 
The periurban belt extends further from the CBD when households have high income, farmers'bid rent is low, servicing costs low or when elasticity of utility for the quantity of agricultural amenities is high. As before, the e¤ect of commuting cost is indeterminate.

The width L of the periurban belt is deduced from ( 10) and ( 9) and is equal to the di¤erence between its outer boundary and the boundary of the specialized city

L = x p x u = 1 t (v + R a ) " 1 2 
# : (11) 
Several conclusions arise from [START_REF] Cavailhès | Urban in ‡uences on periurban farmland prices[END_REF].

The width of the periurban belt does not depend on household income, because x u and x p increase in the same proportions with income.

This belt is wider when is high. High elasticity of utility for agricultural amenities leads households to move further from the CBD transportation costs notwithstanding.

The periurban belt is more extensive when is low, that is, the elasticity of utility for agricultural amenities is closer to that for the residential good (the e¤ect of the latter being indeterminate).

A reduction in the unit cost of commuting widens the periurban belt. In our model, this is probably the major economic cause of the wide periurbanization movement observed over recent decades. Indeed, the other two economic variables in [START_REF] Cavailhès | Urban in ‡uences on periurban farmland prices[END_REF], agricultural opportunity rent and the cost of servicing, have not evolved greatly over the period. These conclusions can be summarized as: Proposition 3 The specialized city is more extensive when household income is high. It is less extensive, everything else being equal, when household utility for agricultural amenities is very elastic. The width of the periurban belt does not depend on household's income. It increases when the unit cost of commuting falls or when the elasticity of utility for agricultural amenities increases.

Optimal zoning

The case of a monopolistic landowner been trivial (she provides the share of agriculture that maximizes her land rent), we now study what happens on a competitive land market in the periurban belt, with several landowners at x who are small agents. It is in the interests of each of them to deviate from the optimum R ? by renting for development a proportion of land greater than 1 S a at the price > R a . As each landowner adopts the same rational behavior, the quantity of amenities and so the price of residential land are reduced. An equilibrium is reached for which it has been shown (Cavailhès et al. [START_REF] Cavailhès | The Periurban City. Why to Live between the Suburbs and the Countryside?[END_REF]; McMillen and McDonald [START_REF] Mcmillen | Could Zoning Have Increased Land Values in Chicago?[END_REF]) that the residential bid rent is equal to the agricultural bid rent plus the cost of servicing:

= R a + v. The net land rent is therefore: R = R a < R ? .

To avoid deviant behavior and obtain the maximum land rent, an institution of some kind is needed to maintain agricultural amenities at the optimal level. This is one of the reasons for there being land zoning schemes in periurban belts. 7We compare now the equilibrium of the metropolitan area depending on whether optimal zoning is introduced or whether there is a competitive land market.

Limits of the city and periurban belt. On a competitive market, we saw that, at equilibrium, the sum of the farmer's bid and the servicing cost equals the household's bid, which gives the level of the land rent. The boundary of the specialized urban space x N Z u (superscript N Z for 'no zoning') is obtained at the point where the two bids are equal, that is, when

N Z u = w tx N Z u 1= = R a + v () x N Z u = 1 t w (R a + v) : (12) 
Likewise, the periurban belt extends as far as x N Z p , the solution of

p = w tx N Z p 1= A = w tx N Z p 1= 2 = = R a + v; hence x N Z p = 1 t w 2 (R a + v) : (13) 
Whenever condition [START_REF] Brueckner | The economics of urban yard space: an 'implicitmarket'model for housing attributes[END_REF] holds, it can easily be shown by comparing ( 9) and ( 12) that x u < x N Z u . Specialized urban space is less extensive when there is optimal zoning than in a competitive land market.

Moreover, ( 10) and ( 13) yield:

x p = x N Z p .
The outer boundary of the periurban belt is therefore the same with or without zoning. This is an intuitive result as, in both cases, the competitive land market like zoning ascribe the value of 1 + S a = 2 to A at this boundary.

Rent and lot size. With zoning, the residential land rent at equilibrium at x u is deduced from (3) and (9):

R(x u ) = (w tx u ) 1= = (R a + v) ;
which expression is always greater than R N Z (x u ) = R a +v when 1 > > > 0. This is a the expected result, as the objective of the zoning is to maximize the rent. The size of residential lots at x u is given by

S(x u ) = (w tx u ) ( ) (R a + v) 1 ;
which gives, by replacing x u by its value ( 9)

S(x u ) = ( ) 1 (R a + v) 1 :
The size of lots when the market is competitive is deduced from ( 12) and from S N Z (x):

S N Z (x u ) = (R a + v) 1 :
It is easy to verify that S N Z (x u ) > S(x u ). these results can be summarized as follows:

Proposition 4 Compared with a competitive land market, the optimum zoning reduces the specialized urban area and broadens the periurban belt, the outer boundary of which remains unchanged. The lot size is larger on a competitive land market than with a zoning scheme, where farmland is preserved. **Economic welfare. Let us de…ne the economic welfare as the sum of the utility of the househods and of the rent of the landowners. In our open-city framework, the utility of a househol is that of the rest of the world: U = 1: Therefore, the welfare is:

= N + Z xp 0 R(y; A )dy (14) 
Because x p = x N Z p and zoning maximizes R at each y on the segment [0; x p ], the second term of the r.h.s. of ( 14) is higher with zoning than without zoning. The …rst term depends on the share of agriculture in the land use (S a (x) > S N Z a (x)) and on the residential lot size (S 6 S N Z ). Thus N may be greater or lower than N N Z , according to the size of the two opposed e¤ects. Nevertheless, if the population of the economy as a whole is given, it does matter if people live in the city or in the rest of the world: the …rst term of the r. • hs. of ( 14) disappears. In this case, the global economic welfare is maximized when the land rent of the city is maximum.**

Zoning and greenness in the Dijon region

Several predictions of the model can be tested empirically: zoning increases the share of agriculture (or, more generally, of 'green amenities') in the periurban belt. Accordingly, it increases the land rent and reduces the size of the residential lots. We test these predictions in a periurban belt around Dijon (France). 8

The study region and the objective

The study region is made of a periurban belt around the city of Dijon (France), bounded by an access time to Dijon of less than 33 minutes or a road distance of less than 42 km (these limits were determined by …rst setting a threshold of 40% commuters, and then rounding by including some interspersed communes). This region covers 3534 km 2 and has 140,703 inhabitants. It is composed of 266 communes (a commune is the lowest tier of local government in France), with a mean population of 461 inhabitants (median: 229, standard deviation: 733). Each commune is made of a village or a small town (in the study region, built areas cover 4% of the land), scattered over a predominantly agricultural plain and amid hills and valleys covered by farmland (59% of he land use), and woods, forests and natural formations (37%). The villages are densely populated (population density is 1153 inhabitants per square kilometer) 9 , isolated from their neighbors by broad expanses of farmland, woods or forests. 10 Within this study area, more than 70% of the working population commute to work, usually to Dijon. Therefore, the main hypotheses of the model hold: this periurban belt is a commuting ring around a CBD, where a mixed 'agricultural'and residential land use prevails.

Cavailhès et al. [START_REF] Cavailhès | GIS-based hedonic pricing of landscape[END_REF] estimated hedonic prices of landscape features in this region and showed that it is above all the view of the tens of meters around a house which counts for the residents; landscape attributes have signi…cant hedonic prices up to 150-300 m, but no farther. Therefore, we focus here on the share of farmland and tree-covered land in a 300 meters circle around residences. Moreover, these authors showed that it is the actual view that prevails, more than the mere presence of …elds or trees when they are not visible from the residences. A geographic model was developed by Joly et al. [START_REF] Joly | Using modeling to make a quantitative valuation of landscape[END_REF] to analyse the viewshed from both satellite images (with a resolution of 7 m) and a dig-ital elevation model, identifying several types of land use and measuring, by trigonometry, the actual view from a house, taking into account the relief and obstacles that may block the view. The landscape is modeled at the time the satellites passed overhead (between June and September 2000). We reuse here these data.

A database of 2667 transactions of detached houses sold between 1995 and 2002 was available from real-estate lawyers, who are responsible for registering real-estate conveyances in France, with the usual variables: price of the transaction, features of the real assets (living area, plot size, conveniences, etc.), buyer's and seller's characteristics, etc. This database is merged with the landscape base by georeferencing both the houses and the landscape seen from any point of the study region: by this way, the viewshed and its content are known for each house of the transaction database.

Zoning schemes were enforced before 2000 in 116 of the 230 communes of the study area, where 60% of the transactions are located. The challenge is to test if in theses communes farmland and tree-covered land visible from the houses are larger than in communes without zoning.

Econometric method 4.2.1 The problem

The e¤ect of zoning on the share of green spaces (lawns, …elds, trees) in the viewshed around the houses raises a classical problem in the evaluation of policies. The share of green spaces in communes with (resp.: without) zoning can be calculated by the geographical model of Joly et al., [START_REF] Joly | Using modeling to make a quantitative valuation of landscape[END_REF], but it is not possible to observe the counterfactual, i.e., what would have been this share if the same communes had not (resp.: had) a zoning scheme.

Thus, there exists a selection bias: the enforcement of a zoning scheme by a commune authority depends on particular characteristics such as population, distance to Dijon, etc. For instance, the 116 communes with zoning in 2000 have an average population of 1020 inhabitants and are at an average road distance of 21 kilometers from the center of Dijon, while the communes without zoning have an average population of 330 inhabitants and are at 30.1 kilometers from Dijon. These characteristics of the communes with/without zoning are linked to the variables of interest: in the zoned communes, the green spaces are sparser than in the communes without zoning because urban pressure is higher. For instance, the correlation coe¢ cient between the share of 'green' visible from the residence (see below) and the existence of a zoning scheme is 0:15. The question is whether these green spaces would have been still sparser in the absence of zoning and, unfortunately, this counterfactual cannot be observed.

Selection bias among individuals treated by a public policy is an usual question in economic evaluation. For instance, it is applied to land zoning by Mc Millen et Mc Donald [START_REF] Mcmillen | Land values in a new zoned city[END_REF]. Several methods are available to correct the selection bias. 11 

Heckman' s method

Firstly, we identify the selection model on unobservables, by using Heckman's method [START_REF] Heckman | Sample selection bias as a speci…cation error[END_REF]. The propensity to adopt a zoning scheme is explained in a …rst stage by a probit model. The inverse Mills ratio (see Greene [START_REF] Greene | Econometric analysis[END_REF], p. 759) shows if a selection bias exists (Sargan test is used to test the validity of the instruments). If so, we introduce the propensity score, i.e. the probability to adopt a zoning as predicted by the probit step, into the equation of interest. We use the Greene formula [START_REF] Greene | Sample selection bias as a speci…cation error: Comment[END_REF] for correcting the variance-covariance matrix of the estimates. 12 In so doing, we control for the selection bias of the e¤ect of zoning on the share of green space. Nevertheless, this model presents two drawbacks. Firstly, we do not take into account endogeneity that may occur for the explicative variables of the two equations, in particular the population, the size of the residential lots, and the living space of the houses. Second, multicollinearity occurs at the second stage, particularly between the propensity score on the one hand, distance and population on the other hand. Therefore, the parameter estimate of the propensity score at the second stage is unstable: it greatly depends on the functional form of distance and population in the equation. Some results are given below, which are not reliable for that reason. That is why we prefer matching methods.

Matching

Since Rubin's canonical model [START_REF] Rubin | Estimating causal e¤ects of treatments in randomized and non randomized studies[END_REF], matching is used to control for the selection bias in the case of non-experimental data (see the recent survey by Imbens [START_REF] Imbens | Nonparametric estimation of average treatment effects under exogeneity: a review[END_REF]). The variable of interest here is the outcome variable Y , which is mainly the share of the green space visible in the viewshed, according to whether an observation was treated (Y 1 ) or not (Y 0 ) by the zoning policy T , the latter taking the value 1 when the observation is treated, 0 otherwise. More precisely, according to our theoretical model, the outcome variable to estimate is the average e¤ect of zoning in the treated population T = E (Y 1 Y 0 ) j T =1 . Identifying this parameter requires that the random variables Y 0 and T are independent conditionally upon a set of observable variables X, so that the conditional distribution `(Y 0 ) j T =1 can be identi…ed. It is known, since Rosenbaum et Rubin [START_REF] Rosenbaum | The central role of the propensity score in observational studies for causal e¤ects[END_REF], that if Y 0 is independent from the treatment variable T conditionally upon the observables X, it is also independent upon T conditionally upon the propensity score P (X). This property allows us to match on the propensity score. However, our data di¤er from the usual …elds of application of matching methods. Indeed, this is not an observation itself, i.e. a house, that is treated but a commune, i.e. any houses of this commune. Now, the outcome variable of interest, the share of the green land cover in the viewshed, does not only variable with a sudden break linked to zoning was available. Likewise we cannot use di¤erencein-di¤erence matching because the view is known only for the year 2000, when the satellites passed.

depend on the existence of a zoning in the commune. It also varies according to some characteristics of each house, such as its more or less peripheral situation with regard to the village center, the lot size, etc. It may also depends on charactistics of the commune not entirely taken into account by the propensity score such as population, distance from Dijon, etc.

Therefore, matching between a treated and a non treated observation is done by minimizing a distance computed using the propensity score and complementary variables.

The matching protocol

First, we estimate a probit model to obtain the propensity score of treatment in 2000. The explanatory variables are the population and the birth rate of the commune in 1982, (i.e. before the enforcement of a zoning scheme in almost all of the commune, to avoid endogeneity), local public goods (village hall, nursery school, sport hall, etc.) and electoral results. The R 2 amounts to 0.44 13 Second, we restrict the sample to a commun support (overlap assumption), by elimining the communes where the propensity score is lower than 20% or higher than 70%. 14 After this removal, and independently of the bootstrap sampling, 319 observations subsist in the communes with zoning and 552 in communes without zoning.

Third, we match the observations, a house located in a treated commune linked with its closest neighbor among the houses in untreated communes. The distance between neighbors is the weighted sum of the propensity score, which represents about 90% of the total, of the distance from the village center, of the lot size, and of the distance from Dijon, each of these three last variables representing about 3:3% of the total. 15 16 T is the average of the di¤erences of the outcome variable for each pair Y 1 Y 0 .

Fourth, the moments of T of order higher than 1 being unidenti…ed, we use a bootstrap method for the computation of con…dence intervals. The …rst three steps are performed for each subsample of the bootstrap.

The results

Heckman' s model

In the probit step, the R 2 is 0:43 and the instruments are exogenous (signi…cance level of the Fisher's F of the augmented equation: 0:40). In the second stage, the share of agriculture seen up to 300 m from the residences (expressed in logarithm) is explained by the distance from Dijon, population and income of the commune, lot size and distance between the house and the town hall, some names of the access roads (i.e. toponymy), and the propensity score. Table 1 shows the results ot the second stage. 1 shows that the estimated parameters are signi…cant and have the expected signs. The propensity score of a zoning in 2000 predicted by the probit model has a signi…cant e¤ect on the share of agriculture seen up to 300 m: this share increases by 3.4% in communes with zoning.

Parameter

However, the parameter estimate of the propensity score is fragile. If road distance is used as a regressor instead of generalized distance, this estimate is unsigni…cant. If the square of the generalized distance is introduced, the estimate drops from 3:4 to 2:4 (signi…cant at the 2% level). The origin of this unstability is the strong multicollinearity among the propensity score on the one hand and distance (R = 0:71) and population (R = 0:48) on the other hand. This is why we prefer the matching method.

Matching

Table 2 shows the results of the e¤ects of zoning for several interest variables. The e¤ect on real-estate values is signi…cantly positive. This result, however in agreement with the predictions of the theoretical model, is not reproduced in Table 2 for two reasons. First, the database mentions the price of the houses, but matching does not consider their characteristics (living space, comfort, etc.). Second, this result is not necessarily due to the optimization of the agricultural share as we have modelled it in Section 3 because zoning schemes, whatever aim they follow, cause an increase in the land values. The e¤ect of zoning on the share of agriculture visible in the ground from 0 to 300 meters from the houses is signi…cant at the 1% level. If the zoned communes would be unzoned, the share of agriculture would be lower by 6:9% 5:6% (at the level of 5%). The share of green areas in the same ground is signi…cant at the 10% level: it is higher by 5% 5:6% (at the level of 5%) in the zoned communes. The e¤ect of zoning on agricultural land cover of the commune is also positive, but it is somewhat lower than that of visible and close agriculture (6% 6:4%), and it is signi…cant at the 10% level. Finally, zoning does not have a signi…cant e¤ect on the share of green land cover of the communes (agriculture, woods, forests, nature): 0:6% 1:1% (at the level of 5%). However, most of these agricultural or wooded lands are beyond the relevant horizon for the residents, which are only sensitive to their immediate surroundings.

The remote agriculture is less protected by zoning than farmland closer and visible from the houses and the faraway green areas are unprotected by zoning.

Finally, Section 3 model predicts that the lot size is lower in the zoned communes. The results show that the e¤ect of zoning on the lot size is unsignificant: +1:6% 13:7% (at the level of 5%). This …nding is in contradiction with the mechanism described in Section 3, but it can be due to other factors: for example, the lot size could be greater if zoning enforces a minimal lot size.

Discussion and conclusions

In this paper we have presented a metropolitan area which, depending on the value of the model's parameters, may comprise a specialized urban area (a city) and a mixed periurban belt, which is a space occupied both by households and farmers. This mixed character arises from interactions à la Fujita and Ogawa between the two types of agent; more speci…cally, farmers produce amenities which are externalities enjoyed by households living nearby.

Di¤erent levels of land rent coexist at the same location, corresponding to residential and agricultural land uses. The landowner maximizes her land rent by optimizing the proportion of land devoted to these uses. The agricultural land is rented at a low price to farmers, but it produces amenities which increase the rent of residential land paid by households. The competitive land market does not allow the optimum to be obtained: a local authority must introduce a zoning scheme (or some other form of public policy) to ensure landowners comply with the right proportion of farming. This zoning is thus economically justi…ed to manage optimally the agricultural amenity.

The existence of the CBD and the planner's involvement in imposing the zoning are exogenous to the model. All the other characteristics of our metropolitan area are endogenous: the existence and boundaries of specialized zones (residential or agricultural) or mixed zones, and in this case, the proportions of agricultural and residential land. Equilibrium land rents and residential lot sizes are determined by the model both on the competitive and the zoned land market. The land market modelled in this way, although more complex than in the standard urban economics, retains the expected and actually observed properties: with the optimal zoning, the unit residential rent o¤ered by households declines with distance from the CBD, whereas their lot size increases. The landowner's total unit rent (which is the sum of the agricultural and residential rents) also diminishes with distance.

The optimal zoning, i.e. maximizing the land rent, reduces the size of the specialized city in comparison with the competitive land market, and it leads to a broadening of the mixed residential-agricultural belt. The specialized city then extends further when household income is high or when agricultural amenities bring them less utility. The periurban belt does widen when agricultural amenities bring greater utility or when commuting costs fall. Probably, the latter strongly in ‡uenced the periurbanization movement reported in France.

We test several predictions of the model in the periurban region of Dijon (France), by an econometric model that takes into account a selection bias either by the Heckman's method (identi…cation on unobservables) or by matching (identi…cation on observables). We conclude that the 'green'in the immediate vicinity of the houses and visible to the dweller from her house is signi…cantly more abundant where zoning exists than elsewhere. Zoning also increases realestate values and, contrary to the model prediction, it does not reduce the residential lot size, probably because it is a multi-target policy (minimum lot size to select the immigrants, etc.). This empirical application is made in a French region of limited size, but it is the only one for which all the relevant data are available. One can hope that applications to other regions or other countries will be possible so that the predictions of the model could be tested on more and larger regions.

Moreover, our model focuses on a single function of zoning, namely the optimal provision of agricultural amenities enjoyed by households. Now, the management of 'green' externalities is not the only purpose of zoning (Lecat [29]). Its aim may be also to attract the rich and repel the poor by introducing minimum lot sizes, to regulate the pace of urbanization or the …scal resources of local authorities, to introduce monopolies favorable to landowners, etc. A possible extension of this paper is to examine the combination of 'green'agricultural externality and the social externality provided by the quality of the neighborhood. An other extension might be to compare land zoning with other public policy instruments devised to achieve the same objectives, such as markets for development rights, which may be useful in helping policy-makers to choose the best land policy instrument. Competition among local authorities not applying the same land policies may be another extension of this paper. and @ 2 R @A 2 (x; A) = (w tx) 1= A 2 2( 1) ( + 1)A :

For a given x, R has thus a single in ‡ection point and changes concavity for the value e A such that e A = 2( ) + :

Table 1 .

 1 Share of agriculture seen up to 300 m

	t

Table 2 .

 2 Results of matching

Of course, if the landowner is a monopolist, she internalizes the externality.

We concentrate on zoning because it is the most widely used land policy in France. The model could be extended to cover other land regulation instruments such as easements, transferable development rights, and so on.

The model can be extended from a 1D space to a kind of a 2D space by considering a disk generated by 360 -rotating the straight half line around its origin. Nevertheless, the analytical treatment of the model is more cumbersome without changing the results.

In most situations in developed countries, agricultural output, including fresh and highquality produce, is not for local markets. Both the transportation cost and the trade costs are ignored because they do not contribute to the model.

Let us consider the French example. Zoning is ordered by the local authority of a commune (a commune is the smaller administrative level). Thus, it is natural to decide that x is a commune. A French commune covers a mean area of 15 km 2 or so, which is the amount of

This is an annualized cost, to be consistent with the households'and farmers'rents, which will be drawn up for the year.

As said, other institutions than zoning may be introduced by the authorities or by major actors (foundations, etc.): easements, transferable development rights, or according to McMillen and McDonald[START_REF] Mcmillen | Could Zoning Have Increased Land Values in Chicago?[END_REF], a Coase-type market[START_REF] Coase | The problem of social cost[END_REF] of development rights among owners.

Other predictions of the model are more di¢ cult to be tested. It includes the in ‡uence of zoning on the limits of the cities and their periurban belts due to shocks on income or transportation cost. Testing these predictions would imply cross-sectional analysis on areas with and without zoning or spatio-temporal analyses taking into account the e¤ects of the evolution of income and transportation cost on the extent of urban areas. But zoning is decided by the local commune authorities and not at the scale of urban areas as a whole, where some communes have adopted zoning and others not. Moreover, the data necessary to undertake such studies are rare and unreliable.

Density is the ratio of population to the area of the village polygon, made of buildings (houses, public buildings, industrial or commercial facilities), streets and roads, open and green spaces (private and public gardens, squares, etc.).1 0 The hypothesis of spillovers 'at x' hold, i.e. in a village or town, but not from a village to another one.

[START_REF] Bates | The public demand of open space : the case of Connecticut Communities[END_REF] The regression discontinuity method cannot be used here because not any continuous

[START_REF] Bolitzer | The impact of open spaces on property values in Portland, Oregon[END_REF] The program is estimated with the SAS software, using a macro by D.A. Jaeger, University of Michigan.

[START_REF] Cavailhès | Seeing and being seen: a GIS-based hedonic price valuation of landscape[END_REF] It would be possible to obtain a better …t, but the common support would considerably shrink.1 4 The propensity score of the highest 5% communes without zoning is 0.78 and the propensity score of the 5% lowest communes without zoning is 0.13.1 5 We veri…ed that the results were robust with regard to the weights, in particular when the one of the propensity score varied from 70 to 95% of the total) and when the population of the commune was introduced in complement or in the place of the distance from Dijon.1 6 The matching is done by a global optimal algorithm. We used a SAS macro written by E. Bergstralh and J. Kosanke (2004).

Appendix 1. Growth of optimal amenities with distance

By applying the implicit functions theorem to (4):

:

By calculating the derivatives @ 2 R @x@A (x; A) and @ 2 R @A 2 (x; A) from ( 4) we get:

The expression in brackets

is always positive. First of all, the result is obvious when < . The denominator in ( 16) is then always negative, so that the entire expression is positive when A ? (x) > 2 = ( + ) ;which is always true since the right-hand member is bounded by 1, the minimum value of A ? (x). Second, when = , (16) comes down to 1 1=A ? (x); which is always positive. Finally, let us look at the case where > . It can be easily seen that ( 16) cancels out for the value  = 2 = ( + ) and ( 16) is positive for A ? > Â. The partial derivative of R relative to A is strictly positive for Â. As the function is unimodal on the interval A 2 [1; 2], the proposition is proved.

Additional material for the reviewers.

6 Property of the household utility function (Section 3.1)

1. Household' s bid rent. Starting from (3), we have

and

We also have

)

2. Land demand function:

and

We also have

Section 3.2.1:

The …rst and second derivatives of R relative to the agricultural amenities are: @R @A (x; A) = (w tx) 1= A 1 2 ( + 1)A + (x) + v; [START_REF] Comby | Le compte à rebours de l'immeuble au terrain[END_REF]