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Landscape metrics for determining landscape prices

Mohamed Hildl, Thierry Brossarg Jean CavailhésDaniel Joly, Francois P. Tourneiix
Pierre WavresKy

ABSTRACT: This paper reviews the landscape metrgesd in economic valuations of
farmland and forest landscapes. The diversity afiscape indicators used in the literature
(land use, landscape composition, distance frorddaape assets, seen landscapes: viewshed,
objects, shapes) sometimes leads to divergenttses@fter reviewing the literature, we
present a numerical model of the visible landscagpenbining satellite images and digital
elevation models. Associated with a hedonic modebrige valuation, this geographical
model offers the flexibility required to test saldandscape metrics. The results show that
although these have substantial effects on thenatitin of the price of a particular landscape

seen from a given house, the hedonic prices olitdnage rather similar mean values.

1. INTRODUCTION
Urban sprawl extending out into peripheral ruradaar is a familiar phenomenon in most

developed countries (Caruso, 2002). ‘Open spactas cited as a primary attractor of urban
and suburban residents to exurban areas locatethgyend the metropolitan fringe’ (Irwin
and Bockstael, 2001). In France, Le Jeannic (18p&aks of the taste for ‘living in a natural
setting far from the bustle of cities, in spacituises with gardens while holding on to the
source of remuneration of a job in town'. The clkolwetween living in the city or in the
surrounding countryside involves striking a balaheaveen better access to employment and
to cultural and educational infrastructures thaigiveon the urban side and to environmental
and landscape amenities that weigh on the sidergblgeral rural areas.

The management of urban and periurban amenities ngjor ongoing concern for local
public authorities (Clay and Daniel, 2000; Davode2@05). For geographers, this research
area is very well documented because of collalmratiith ecologists, urbanists or public
operators, giving rise to objectively-based créddor evaluating landscapes. Economists too
endeavour to evaluate landscape prices; they haveterest in integrating the results of the
geographic approach, provided that it engenders gilnentitative indices they need to

construct their econometric models. To this endggaphical information systems (GISs) are
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the essential technical resource for characterigingscape using numerical data filed in ad
hoc bases.

GISs can produce a large quantity of indices ofouarlandscape properties; but their sheer
abundance may cause confusion. This is why thi®mpppposes to review the landscape
metrics used in economic evaluations of farmland fanest landscapes. Section 1 presents
the main economic results derived from a reviewthef literature, arranged by the type of
metric used. Section 2 looks at how GISs and tiperxental capacities they provide can be
used to construct a formal approach to landscapa@ding insight into the diversity of
landscape composition through quantitative indicesction 3 tests how robust or how
volatile the selected landscape measures are hy tis¢ hedonic price method and discusses

the results.

2. INDICATORS USED IN ECONOMIC EVALUATIONS OF LANDSAPE
In the literature on the economic value of farmlaat forest landscapes, indicators of

landscape attributes long remained rather crudey Mmere confined to three types of
variable: distance from particular objects sucly@é courses, parks, open spaces, forests, etc.
insofar as the view of a landscape is dependesuoh distance; land use (farming, forestry,
etc.) analysed in two dimensions from maps, aepiabtographs and satellite images;
landscape composition indices that add shape \Vesiao the foregoing. More recently,
recourse to numerical geographic information meaose elaborate landscape indicators can
be constructed that measure what an observer gtobned level sees in three dimensions.

2.1. Distance from landscape objects

Economists have long included in hedonic price n®tndscape variables of the presence
of an object that may be thought of as an amemgbjf (courses, parks, open spaces) or a
nuisance (waste disposal sites, electricity pylooads) or of distance of housing from such
objects as measured on a map. This is a far cen, tirom landscapes, although it is
sometimes the view of such objects that is undetyst

Distance provides an understanding that most lap#sgoods have a double status (Correll
et al., 1978; Lee and Fujita, 1997). A green kelbath a pure public good by the view one
has of it and an impure public goods since, becafisemoteness, some consumers can be
excluded from it. Distance also makes it possibleanalyse the effect on house prices of
proximity to objects such as open areas, when ¢hk 3s very large (Hobden et al., 2004,
Mooney and Eisgruber, 2001; Thorsnes, 2002). Distaalso lends itself to studies of the
decreasing effect on property prices when an obgeabtoved away, which also applies to

nuisances (Garrod and Willis, 1998; Hamilton antvmnn, 1995) or to amenities such as



wetlands (Mahan et al., 2000), green areas (Bolitmel Netusil, 2000; Morancho, 2003;
Smith et al., 2002) or woodlands (Tyrvainen andthhen, 2000).

These few examples are just a small fraction ofvérg many studies of economic evaluation
using distance variables. The results are fairipbgeneous from one study to another. These
works show in particular that the effects of distaace generally very localised: sometimes
one has to be adjacent to the object in questionithra few tens of metres of it at most, to
perceive its positive (open spaces) or negativec(etity pylons) effects. Beyond a few tens
of metres, or one or two hundred metres at mosisumers seem indifferent to the presence
of this sort of object.

2.2. Land usewithout shape variables

Economic evaluations of the price of land use bijedknt types of land cover (forests,
farmland, gardens, roads, etc.) are very plentiflle method consists first in delimiting a
perimeter around a house, usually a circle or animdtrative unit and then measuring the
presence, the proximity or the proportion of land-gategories within that perimeter. The
number of categories varies with studies. For examplestens et al. (2001) use four
categories of land use (trees, lawns, wastelandadifitialised ground) whereas Des Rosiers
et al. (2002) use 31 categories (trees locatedoint fof or behind property, ranked by size,
species, distinctions in floral compositions, hexdaid-out pavements, the presence of a
patio, balcony arrangements, etc.). Classificatiares usually made on the basis of maps,
aerial photographs or satellite images. The methedefore provides complete cover of a
study region so it can be mapped and each housgetbin its two-dimensional landscape
setting so that it can be examined whether or noegrincorporate landscape attributes. The
landscape analysed is greatly simplified since masure of shape is involved, although this
is essential for characterising landscape.

Studies based on land use generally conclude tleaptesence of farmland, woodland or
forests command positive hedonic prices. Thus, gnotiners, Des Rosiers et al. (2002) show
that, near Quebec (Canada), the presence of lgmelstaibutes (forests, landscaped gardens,
hedges) raises house prices. Other workers, howeport contrasting results, as is the case
of Garrod and Willis (1994), Irwin (2002), Palm&003), Smith et al. (2002) and Dumas et
al. (2005). The results for farmland are also ambig as they differ from one study to
another. Roe et al. (2004) report a positive hedgnice, contrary to Smith et al. (2002),

while for Paterson and Boyle (2002) the effectas significant either way.



2.3. Landscape ecology indices

Beyond land use measured by the presence, proxandyproportion of the different types of
land cover, shape analysis has come under stuidyrekes it possible to get closer to what a
landscape is through the analysis of the numbgrabthes of each type, their shape, the
complexity or the uniformity of the compositionssang from them, etc. (Gustafson, 1998).
Here we look at works using land-use data and Eapmksecology indices and ignore those
based on photographs (Palmer 2003).

Geoghegan et al. (1997), in a multidisciplinary pamgme of landscape economics and
ecology, use landscape-ecology indices which th&ggrate in a hedonic model. The study
area is a watershed of 1000 square miles in Maryla@ar to Washington D.C. Acharya and
Bennett (2001) conduct similar work to estimate\thkie of identical or similar attributes in
a watershed in Connecticut.

Geoghegan et al. (1997) define eight types of lasel and introduce into the regression a
land-use diversity index and a fragmentation indalculated within a 400-m circle around
the house (supposedly corresponding to the fieldi@f) and with a 1-km circle (walking
range). Acharya and Bennett (2001) also define tivoles, of 800 m and 1.6 km that
similarly are supposed to correspond to the viedshied to the walking range; to these
indices they add richness, measured by the nunfbeastegories of land use found in each
circle relative to the maximum possible number afegories and an interaction between
richness and population density in order to distisiy between the richness of rural and urban
landscapes.

The results show that in Maryland, near Washingiiomjmmediate proximity of open spaces
slightly raises land values, but that the effectdmees negative for more distant open spaces.
Fragmentation and landscape diversity around theséndhave a negative effect on land
values, except very close to and very far from Wagbn. In the Connecticut watershed
studied by Acharya and Bennett, the diversity adldness have a negative hedonic price and
the interaction between richness and density tediglatly positive price. The negative effect
of diversity is consistent with zoning policies whiare designed to segregate the different
types of land use spatially. The positive effectha interaction supposedly reflects a positive
price of richness in an urban environment (habgatdens, shops) and a negative price of
low richness in rural settings (uniform landscapds)e proportion of open spaces in the
circles has a positive effect on price, with a pat@& shape.

The introduction of landscape composition varialdeshape variables marks a significant

advance in the economic evaluation of landscapasddcape ecology indices are generally



used, since this is the discipline that provided statistical indicators and tools for using
them such as Fragstats (McGarigal and Marks 198&)ay be that the pioneering paper by
Geoghegan et al. (1997) also helped to direct resedong these lines.

However, the use of such indices must be discuissethree reasons. First, it assumes that
people obey the same determinants as other anpeaies, as expressed by Geoghegan et al.
(1997); yet, the aesthetic preferences of humamgseare not of the same nature as the search
for specific ecosystems and biotopes of other ahispecies. Secondly, the landscape-
ecology variables have no connection with thosedupeeviously by urban planners,
landscape architects, sociologists and economists that sought to reflect aesthetic,
psychological or cultural notions. Thirdly, landpeaecology can be used to produce variables
seen from above and not seen from the ground: ¢tapdés seen by an observer from the
ground are very different from those seen from ab&oe example, where there may be a
forest seen from above, someone in the forestonily see the few trees immediately around
them.

2.4. Theview of landscape

The view of a landscape is a much more complicatethble to compute than the attributes
that have been analysed so far. It was long imptes$o reconstruct the view from a large
number of observation points. That is why, untienetly, photographs of landscapes were
used in survey protocols where respondents weredask attribute scores to them or to
evaluate them. In recent years, new approachesrhade it possible to reconstruct views of
landscapes from any point in space through suitalnheerical modelling of landscape.
Preference analysis from photographs

Many studies investigate consumer preferencesafaidcapes from photographs. The method
generally used involves explaining, on the basiseseral sets of variables, a score given by
respondents to a photograph.

For example, Kaplan et al. (1989) compare the oblour sets of variables in explaining a
score given by students to landscape photographe naral area of Michigan: physical
attributes (slope, relief, edge contrast, diverstg.); land use (arable land, grassland, brush,
wasteland, etc.); landscape understanding and \disgovariables (coherence, order,
readability, complexity, mystery) and perceptionrialles (field of view, texture). The
authors conclude expressing some surprise becéatise low predictive effect of the physical
or land-use variables that are used in most studi¢isis type. It may be that an analysis of
photographs by landscape architects and ratedymhpkogy students introduces a bias, since

these are not ordinary consumers of landscapes.



Recently, Kaplan and Austin (2004) have shown tfat,people from a rural area near
Detroit (USA), having a view of a ‘natural landseafrom home is more important than
having space (plot size, living area). Other warkshis type have distinctive methods, such
as the work of Johnston et al. (2002) that analyisesdevelopment of a housing project on
Rhode Island (USA) by presenting plans and modelfuture residents. They show that
households prefer a continuous, low-density propith fragmented plots separated by
hedges.

The price of the landscape seen

New approaches mean that the view of landscap@a@arbe reconstructed from any point in
space by suitable numerical modelling of landscépehese recent approaches, the actual
view is introduced in the two-dimensional world déised by a land-use layer, as presented
earlier, by including the third dimension in the lgs&s through topography. Here what is
investigated is the effect of the viewshed andhwitthe viewshed and depending on the
different studies, the effect of the areas seenpamdo various uses, the effect of the view of
objects and of their composition, of topograph&t@pes, depending on the distance between
the observer and the components of the field afvie

The study made of the value of view in the RockyuMiains (Wyoming, USA) by Bastian et
al. (2002) was the first to combine a method faorestructing the view of the landscape with
a hedonic price estimation. The environment of pi&s is characterised from satellite
images (25-m pixels) allowing 10 classes of landecdw be defined and from a 30-m digital
elevation model. The combination of the two layefsgeographic information allows the
landscape to be reconstructed and landscape \esiablculated: viewshed, relief, land use,
diversity, break lines. The authors conclude tleat bf these variables are significant except
for landscape diversity, which is greatly appresiat

Paterson and Boyle (2002) also use satellite imagédsa digital elevation model to analyse
landscape seen in a rural region of ConnecticutAjUIhey obtain results that they differ
with the type of variable (satellite view or growidw).

Cavailhes et al. (2006, 2008, 2009) and Brossaadl €2008a, 2008b) study the hedonic price
of landscapes seen in periurban areas around BijdrBesancon (France) using a method for
modelling the view from the ground (Joly et al.02D They show that beyond a few tens or
hundreds of metres, the planes of view and thectdbja them do not significantly influence
house prices. However, trees or fields in view e€lts houses have positive hedonic prices
and roads negative hedonic prices. The view itsalfters in that nearby trees that are hidden

from view have a lower hedonic price than tree$ #na in view. Landscape ecology indices



indicate positive prices for complex landscape skhdp®saics, non-connectedness, etc.). In
this paper, we extend these works by introducing laedscape measures.

2.5. What should beremembered from thisoverview of the literature?

First, that what is visible must be finely consetkrin landscape evaluation models.

Admittedly analysis based on an overhead view ofl lase and topography is useful for

defining the actual layout of the landscape in teographical area, but it leads to

approximations when attempting to bring out thdecia that underpin the value of the

landscape. The mental processes by which a vahitriisuted to landscape is driven by many
sensory experiences where the view from the gresinigcisive. So by formalising the rules

of visual composition of the landscape this reatign be approached objectively and the
preferred features of the landscape identifiedhls exercise, spatial and thematic precision
of information is of great importance, because ustrdistinguish between close-up views and
fine landscape objects that greatly structure tlegv\from the ground. It is understandable

that this requirement of precision implies designistate-of-the-art methods and using
suitable instruments. Accordingly we are now seding emergence of principles for a

coherent approach combining numerical data, quaivi#@ methods, instrumentation by

information systems and proceeding from concephiaking on measurement in respect of

landscapes.

3. CALCULATING LANDSCAPE METRICS FROM A NUMERISED ANDSCAPE

3.1. Landscape modelling

Our landscape analysis method is based on a gdogragormation system (GIS) that
manages multi-source data, including satelliteypet and a digital elevation model (DEM).
We synthesise several approaches that are reqoing@duce landscape indicators (see Joly
et al. 2009 for a full description of the method):

(i) We formalise the reversibility relations betwean observer and the landscape to be seen.
We thus show the difference between the ‘view frabove’, such as that in an aerial
photograph, and the ‘view from within’, seen frone tground, where it is blocked by relief or
tall objects that bring in the horizon. The ‘viewarin within’ is analysed by coupling it with
the DEM, which describes the relief, and with daéeimages, which are used for defining
land use and the height of associated objects.

(ii) A landscape is arranged into grouhdsom near to far. An object, such as a tree,os n

the same for an observer depending on whethemigasby (it is then a single object) or far

! For land cover, we use the term ‘buffer’ for a reagund transactions. For viewshed we



away (it becomes a part of a forest). We allow tlis property by using multiple-scale
methods that vary the nature of objects with distanc
(i) The view of a landscape may be an amenity, thet possibility of being seen by others
(passers-by on a road, the next-door neighbour) beag nuisance. But the first view, or
active view, is not symmetrical with the secondpassive view because of masks (a forest
may be seen from far off, but someone walking se#s only a small patch of undergrowth).
Numerical modelling of landscape allows us to measine area seen by an observer virtually
positioned at each point in the space in questi@htarning through 360° (active view). The
same operation is repeated for each pixel and angyntal approach can be taken for the
passive view.
In this way, the visual reality of the landscapedexomposed and may be translated into
numerical indices. A virtual landscape is thus wigd for each pixel in the study area. The
georeferencing of points where houses are locatedides knowledge of the landscape
around them, such as it is perceived by the houdefsomoving around their plot.
3.2. Presence and abundance of seen and unseen objectson field depth
The model allows us to make an inventory of landsazharacteristics that can be modulated
depending on the objectives. For any point in thelyg its breadth of outlook can be
calculated; we can detail the way landscape isnga@ in the viewshed, in open views
extending to the distant horizon or dominated bgribg masks, etc. Landscape is divided up
into six grounds whose content and transparency wéth distance (Skov-Petersen 2007).
The analysis is broken down ground by ground wplecsal attention to their content
(agriculture, forests, buildings, roads, lakes,)etc
Modelling and the formal ordering that it underpi@fow us to transcribe these different
terms of landscape categorisation into numericahfdn this way, we can chose to find them
a visual expression in the form of a map or graphthey can equally be stored in numerical
form, because that is how they are transferred xgdamatory variable for econometric
modelling.

[Insert Figure 1 here]
3.3. Angular arearelated to vertical masks
The number of cells seen by type and their distioiouin the different grounds provides an
approximation of the landscape that is to be dsetisFor example, agriculture seen from the

distance may take up much of the viewshed when unedsn square kilometres, but it is

speak of ‘ground’, by analogy with painting, foetseen area within each buffer.



perceived at a very low incident angle in the vistadume of the landscape. By contrast, a
nearby house or tree may entirely fill the viewsplge the small area they occupy. To allow
for such effects, we calculate angular areas trathtained by finding the product of the
vertical and horizontal angular components of geal{it is possible to differentiate between
what is due to the height of objects and to relief)

[Insert Figure 2 here]
We construct a cone whose summit 6 correspondeetoliserver’'s eye and base to the visible
section of a cell, a square with sides ca and hbk.angular product adb * aéc corresponds to
its angular surface area. The angular area of a tfplandscape object seen from an
observation point is the sum of the angular ardaaldhe cells of this type composing its
visual field.
The two foregoing approaches—grounds and anguéa—amay be combined: for identical
angular areas, one type of object may not havedh®e effect for an observer depending on
how close it is. It is therefore important to cd#ta the angular area of each type of object for
the groundto which it belongs (the calculation &d@ for grounds 1, 2 and 3).
3.4. Distancefrom objects seen
By measuring the distance between an observatim @od each cell of a given type, we can
calculate a ‘weighed aggregate’ distance of thpe by dividing each cell by this distance
and summing the ratios. For reasons of computaiino@, and in view of earlier econometric
results (Cavailhes and Joly, 2007), the weighedeagde distance was calculated for cells in
view less than 280 m from an observation point.
Likewise for angular areas, the weighted aggregatance from a type of object can be
decomposed by grounds. This is tantamount to spegithe ground: the cells in view are
defined not only by their inclusion in a particumound but also, within this ground, by the

distance at which they are located.

4. COMPARISON OF THE HEDONIC PRICES OBTAINED

4.1. The econometric model

We use the usual hedonic price equatibhP = X,b+ & , whereP; is the price of real-estate
i, X; the matrix of explanatory variables (includingiatercept),b the vector of parameters to
be evaluated, and; an error term. Application of this method to pndpevalues raises

econometric problems that we discuss briefly. Besitie usual issues of heteroscedasticity

of residuals and multicolinearity between covasatbe method involves processing spatial
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correlations between residuals (houses being $igatiagoods) and the endogeneity of certain
regressors (mainly due to the simultaneous choit®os$e price and some of its attributes).
Endogeneity ‘may be addressed by means of spakal feffects. This rests on the
assumption that the spatial range of the unobsdmegerogeneity / dependence is specific to
each spatially delineated unit’ (Anselin and Loz&wrcia, 2007). Following this method, we
introduce into the equation a variablery characterizing the communej:

InP, = X;b+bm, +¢&, that captures the effects of attributes whose emlare shared by

observations located in this commune, includinghpateasured or omitted variables. This
makes it possible to not have spatial autocoriatibetween the residuals of observations
situated in different communes (a nullity test obsin’s index confirms this is so). We also
calculate Moran’s index for observations of a ssngbmmune, with a contiguity matrix
where all transactions less than 200 m away aresidered to be neighbouring. The
significance test of this index makes it possibl@étermine whether or not there are spatial
autocorrelations and if so to make allowance fenth

Endogeneity of some covariates is allowed for by‘it@rumental method’ which allows us
to check, using the Hausman'’s test, whether a @eas endogenous. The estimation is then
made in two steps: projection of this endogenoudabbe on exogenous instruments
(characteristics of buyers and sellers), and tremnaf this projection in the main equation,
estimated by the 2SLS. Sargan’s test indicateshenéhe instruments are exogenous or not.
4.2. Study region and data

The study region is in Burgundy (France) aroundcibeof Dijon. The outer limit of the area
is bounded by an access time to Dijon of less Baminutes or a distance by road of less
than 42 kilometres. The inner bound is that oflihét-up area of Dijon (excluded from the
study area because our landscape analysis modelst @pply well to spaces where building
heights are very variable). The area covers 3408aad numbers 140 703 inhabitants.

The property data are from real-estate lawyamaire9 and pertain to 2665 sales between
1995 and 2002. They have been precisely locatedsbyibing geographical coordinates to
them, so each house could be matched with thedapdson view from it.

4.3. Results

The results for housing attributes and other locatiariables are analogous to those obtained
elsewhere (Cavailhés et al., 2009). The purpogki®fpaper being to test the results obtained
using different landscape metrics, we present tdyresults relating to these variables.
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Quantities of landscape seen according to the metrics
The three types of landscape metrics lead to meammts of seen objects that differ
markedly in magnitude. The correlation betweenrihenber of tree-covered cells seen at less
than 70 m and their angular area is quite low (R:4¥). The correlation is better between
this number of cells and their weighted aggregé&ttadce (R? = 0.76). These results are fairly
logical since, for a tall object, the angular axeaies greatly with its distance from the
observer. By examining the connection with farmlaegn at less than 280 m away, better
statistical relations are obtained because, onotie hand, farmland is a flat object and
because, for the other hand, we are interestednmor@ extended horizon. The R? value is
0.62 (angular area) or 0.94 (weighted aggregataruis).
Overall econometric results
Three types of model were estimated: a fixed-effesbdel estimated by the OLS and with
the instrumental method by the 2SLS, and lastharalom-effects model. The instrumental
method shows that the floor space is endogenousSarghn’s test indicates that the other
covariates are exogenous; the landscape varialbéesalh exogenous, contrary to results
reported for the United States (Irwin, 2002; Irnaind Bockstael, 2001). In all three cases the
model is homoscedastic and the Moran’s index tesheghbouring residuals (within and
between communes) shows that these are not spatafiocorrelated. For all three
estimations, the orders of magnitude of the coeffits, the signs and the standard variations
are quite close to one another.
Since one variable is endogenous and the randautefmodel is statistically less sure than
the fixed-effects model estimated by the instrurakemtethod (cf. Cavailhes et al., 2009), we
present only the main results of the latter modélable 1. Moreover, the estimates are made
for angular area from zero to infinity and for distes from cells from 0 to 280 m, then by
decomposing these variables by the ground to whiep ibelong (cf. supra).

[Insert Table 1 here]
The results in Table 1 concern only landscape blsawith significant parameters. Full
results using distance buffers are reported in @set al. (2009). They are similar to those
in Table 1 column (1), showing that the omissiomonh-significant landscape variables did
not affect too much the parameters. To save spdoe, non-landscape variables
(characteristics of the property and its locatibaye not been reported (see full results in
Cavailhes et al., 2009).
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Let us note, lastly, when reading this table thdy ¢the Student’s t values are of interest: the
parameters, measured in different units (numbecetis, square degrees, number of cells
weighted by distance) cannot be compared from oharm to the next.
The adjusted R2 values of the five regressions shiowTable 1 are quite similar and very
close to 0.66. However, insofar as house pricegmgmainly on the house’s characteristics
(size, comfort, etc.) and its location rather theth the landscape seen, it is preferable to
examine the adjusted partial R? value of landsaapeposition variables to compare the
effect of the metrics. This varies from 0.02 to Q.8Bowing that these variables ‘explain’
nearly 2-3% of the variance of the model.
The partial adjusted R? values of the landscapaas are slightly better for the ground
metric (0.03), because objects that are presetitargrounds but out of sight (tree-covered
cells, farmland) are added to the objects seemeltonfine ourselves to seen objects alone,
which make up the landscape seen in the striceséins ground metric leads to worse partial
R2 and partial (0.019) adjusted R? values (0.0k7s better to measure seen landscapes by
angular areas (for all objects in view from O toinitf: partial adjusted R2 =0.024) or by
weighted aggregate distances (from 0 to 280 migbaatijusted Rz =0.024). Lastly, it is by
combining inclusion within grounds and angular aremd above all weighted aggregate
distances that the best partial adjusted R? vadueobtained. This is not surprising because
the latter two metrics combine the advantages ofiguls and the position of objects within
them. It is therefore a more precise measure. Warohtjusted partial R2 values that rise to
0.024 and 0.026.

[Insert Table 2 hereg]
Landscape objects influencing price
By examining the number of objects seen for theigds in which they are included (Table 1,
column 1), we observe, as in Cavailhés et al. (R0gi§nificant parameters for trees located
less than 70 m away, for farmland between 70 afdni§positive effects) and for the view
of roads and railway lines up to 280 m away (negaéffect); this effect is not significant
when these infrastructures are present but unddenabsence of any effect beyond a few
tens of metres may be explained by the study aae&dp a ‘non-descript’ farmland and forest
landscape with no particularly remarkable featisesh as a view of the sea or of snow-
capped mountains, etc.
With the other metrics, these results remain stabézall: the significance of the parameters,
are very similar in the different equations. Theimrdifference is related to the adoption of a

guadratic from for trees. When a wooded landscapeneéasured by its angular area, a
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saturation effect occurs, making the quadratic teignificant: it is known that an abundance
of nearby trees brings in the horizon and it is wsi@d@dable that this is reflected by
depreciation of the property.
We notice also that the use of finer variables, lgomg inclusion within a ground and a
measure of location in the ground (aggregate distan angular area) leads to a refinement of
certain results: it is no longer farmland within &d 280 m that contributes significantly to
price but only farmland between 71 and 140 m wloeation within grounds is measured. A
few variations are also observed for road netwdsks not for tree-covered areas: it is always
the first 70 m that count.
Comparison of resultsfor the metrics
Since the estimated parameters are not directlypaosble because of the different
measurement units, we present in Table 3 the efieqiroperty prices of an increase of one
standard variation of landscape variables.
For communication networks the results are prettycimidentical, whichever landscape
measure is used.

[Insert Table 3 hereg]
For tree-covered areas, the highest result is médawith the angular surface metric when the
location in the ground 0-70 m is taken in consitiera the adjusted partial R? is equal to
0.053. The adjusted partial R2 is equal to 0.04th whe total angular surface. The results
with the weighted aggregate distance are lowerhié&rchy being the same: 0.042 when the
location in the ground 0-70 m is taken in consitiera 0.024 otherwise. The adjusted partial
R2 is only 0.02 with the ground metric (ground O This seems to indicate that for a tall
object like a tree, a wood or a copse, which magkntle view and occupy a large proportion
of the very near landscape, the distance shoultidsesured quite precisely: inclusion within
the first 70 m buffer is too coarse a variable. Boenewhat mediocre correlation observed
between this latter variable and those that takewd of position within the buffer (R2 = 0.47
or 0.76) is reflected by the marked spread of &seilts, since they may be more than doubled
depending on the metric.
For farmland, the total angular areas or weightpgtegate distance up to 280 m away affect
price by 2 to 3%, which is the same value obtaiwved the metrics for the 71-140 m ground,
which in turn is less than the number of cellsha ¥1-280 m ring (+4.6% for one standard
deviation). These differences are less importaau tlor trees, which may be explained by a

different perspective effect for a flat object timincapable of masking the view.
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4.4. The hedonic price of areduction of view
The price of a marginal loss of landscape, due, tsag new building closing out 10% of the
view, is calculated for each house of the datalfiese values predicted by the models: the
price of this loss of landscape is equal to the sd@iguantities of each object weight by its
price.
We only use here the three variables for which wedierent metrics: tree cover, farmland
and networks that are actually in view, excludifgeots that are present but unseen.
Figure 3 shows as XY graphs the results for theb2@iiservations on which the estimates
were made. These graphs also show the R2? valueshéothedonic prices of the three
landscape variables analyses, estimated point ioy, @md which are 0.48, 0.58 and 0.78. The
first two values are quite low.

[Insert Figure 3 here]
Despite this rather weak link for individual hedomesults, the aggregate results are quite
similar, as shown in Tables 2 and 3: around 4%aguiglitional standard variation of tree-
covered areas, 2—-4% for the same variation of fmchlin sight, and -1% for one standard
deviation of additional transport network. It midgie thought that the geographical method of
measuring landscapes has substantial effects op patimations of a particular landscape
seen from a particular house but that such indalidiifferences fade when we reason in
terms of aggregates: the individual deviations thuehe metric used are absorbed by the
residual of regression and the statistical estonatif the ‘mean’ effect depends little on the

way landscape is measured.

5. CONCLUSION
In the economic evaluation of landscapes, it ifiadilt to express the view of landscape into

guantitative variables so as to introduce it irtoremetric models. Geographers use a battery
of approaches ranging from analysis of photographguantitative geography models using
satellite images and digital elevation models. €kplanatory variables of landscape value
range from psychology (mystery, order, harmony,) étclandscape ecology. However, little
economic valuation works have yet been done.

Here we examine the results of econometric estomatiobtained by using three metrics
relating to landscape attributes: (i) division bétviewshed into grounds according to their
remoteness, (ii) visual scope measured by anguéaseof vertical masks due to relief and
objects, and (iii) the aggregate area of objectn seeighted by their distance from the
observer. These three metrics quantify the objsetn differently, as is clearly shown by

comparison of individual results. The landscape rimebas important effects on price



15

estimations of a particular landscape seen fromardicplar house. However, the results
obtained for the three metrics are rather simitaraggregate terms. It may therefore be
thought that the method is not of much use to ahitct or promoter seeking to estimate the
value of a particular landscape, but that it mayubed by town planners interested in the

mean value of the view for a town for which theg egsponsible.
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Figure 1. Landscape models around a transaction up to 280 m away (Buffers 1, 2 and 3).

Each point is surrounded by landscape featuregidedcn terms of land use. Diversity and
abundance can be specified by counting these &=atun (a) the landscape, seen from
overhead, is completely accessible to view andhatshthe structure of the orthophotograph
despite the coarser resolution. In (b), the planwshtihe segment of landscape that can be
seen in three dimensions by an observer locatdeatentre of the circles; notice that most of
the surrounding landscape is masked. In (c), alpikels from where an observer can see the
central point are shown. Figures figures (b) ancténnot be superposed: so seeing and being
seen are complementary and non-symmetrical terms.
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Figure 2. Angular area of vertical masks



19

Price of areduction of 10% of the viewshed
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Figures 3. Hedonic price of loss of 10% of landscs@en by the three metrics.



Table 1. Econometric Results
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-

@ @) ) angulgpsurfac weighte(g)agregai
buffers angular surface We.lghted agregate distributed by | distance distribute
(total) distance (total)
around: bv around
adjusted R2 0,66262 0,65915 0,65737 0,65962 0,66085
. Student' . Student' . Student' . Student' . Studen
estimate N estimate ¢ estimate N estimate ¢ estimate ¢
TREES SEEI < 70 0,00407! 2,C 0,09174. 2,2 0,01602: 2,8 0,18855! 3,6
(TREES SEEN < 70m -0,0006¢ -2,C
TREES SEEN* LOT/LSPAC < 70 -0,0001- -1,3 -0,0065¢ -3,32 | -4,43E-00 -3,7 -0,0093 -4,1
TREES UNSEEI < 70m 0,00178- 3,6
TREES UNSEEN* LOT/LSPAC < 70m -0,0000° -4,2
TREES SEEI 0-40kn 0,01479: 2,2
(TREES SEEN 0-40kn -0,0008¢ -1,7
TREES SEEN* LOT/LSPAC 0-40knr -0,0004: -2,
AGRI SEEN 71-280n | 0,00013! 4,3
AGRI SEEN * LOT/LSPACI 71-280n | -0,0064: -5,8
AGRI SEEN * POSUI 71-280n | -0,0000¢ -1,7
AGRI SEEN 71-140n 0,01338: 2.4 0,02495! 3,1
AGRI SEEN * LOT/LSPACI 71-140n -0,0015¢ -4,3 -0,0014- -5,2
AGRI SEEN * POSUI 71-140n -0,0077: -1,€ -0,0131° -1,5
AGRI UNSEEN 71-280n | 0,00003 2,8
AGRI UNSEEN * LOT/LSPACI 71-280n | -0,0021: -2,5
AGRI SEEN 0-40knr 0,072271 24 0,00578- 2,€
AGRI SEEN * LOT/LSPACI 0-40kn -0,00¢ -4,C -0,000¢ -4,5
NETWORKS SEEN 0-280m -0,00025 -1,9
NETWORKS UNSEEN 0-280m 0,00007 1,3
NETWORKS SEEN 71-140n -0,06713 -2,4
NETWORKS SEEN 0-70mn -0,01875 -2,2
NETWORKS SEEN 0-40km -0,01414 2,1
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partial R2

adjusted partial R?

objects seen

objects se¢

1objects seen

objects seq

and unsee and unseep
grounds 0.01895 0.02976 0.01674 0.261]1
total 0.02599 0.02379
angular surface distribued 0.02631 0.02375
by groundg
total 0.02213 0.02029
weighted aggregate distangdistribued 0.02631 0.02375
by groundg

Table 2. Partial R? and adjusted partial R? oflfmelscape variables

metric: effect of
1std change

TREES SEEN (0-70m) grounds 2,0%

TREES UNSEEN (0-70m) grounds 4,6%

TREES SEEN (< 70 m) angular surfgce 5,3%
weighted

TREES SEEN (< 70 m) agregate 4,2%
distance

TREES SEEN (0- 40 km) angular surfgce 4,2%
weighted

TREES SEEN (< 280 m) agregate 2,4%
distance

AGRI SEEN (71-280m) grounds 4,6%

AGRI UNSEEN (71-280m) grounds 2,9%

AGRI SEEN (71-140m) angular surface 3,1%
weighted

AGRI SEEN (71-140m) agregate 3,1%
distance

AGRI SEEN (0- 40 km) angular surfafe 2,1%
weighted

AGRI SEEN (< 0-280m) agregate 2,3%
distance

NETWORKS SEEN (0-280 m) grounds -1,1%

NETWORKS UNSEEN (0-280 m) grounds 1,2%

NETWORKS SEEN (71-140 m) angular surfgce -1,39
weighted

NETWORKS SEEN (0-70 m) agregate -1,3%
distance
weighted

NETWORKS SEEN (0-280 m) agregate -1,2%
distance

Table 3. Effect on the house price of an incredsme standard deviation of landscape
variables depending on the metric used.
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APPENDIX : LANDSCAPE VARIABLES USED

Landscape variables:

according torings. <70 m, 70-140 m, 140-280 m, 280-1200 m,
280-1200 m,1.2-6 km, 6-40 km. Cells SEEN and UNSEEN are
distinguished. Rings may be merged

ABBREVIATION

DEFINITION

TREE

TREE * LOT/LSPACE

number of cells of tree-covered area (R_TREE: ohthese cells

number of cells of tree-covered area * LOT/LSPACE

AGRI number of cells of agriculture (R_AGRI: rate of $becells
AGRI * LOT/LSPACE number of cells of agriculture * LOT/LSPA(

AGRI * POSUL number of cells of agriculture * class UD of thenitwy schem
NETWORK TRANSPOR number of cells of road/railroad (R_NETWORKS: raf¢hese cells
BUILT number of built cells (R_BUILT: rate of these c§

BUSH number of cells of bush (R_BUSH: rate of theses)

WATER number of cells of wat

DECID_PACHE: number of patches of deciduous trees within a fadius
DECID_EDGE length of deciduous wood edges within a 70 m rafi)
AGRI_PACHE:¢ number of patches of crops betwen 70 - 1«

COMPACT compactess index (O=compact forms; 1=elongate forng0 n

BUILT ANGULAR SURFACE
AGRI ANGULAR SURFACE
TREE ANGULAR SURFACI
BUSH ANGULAR SURFACE
NETWORK ANGULAR SURFACE
WATER ANGULAR SURFACE

angular surface made by built cells (square de}

angular surface made by cells of agriculture (sguagree:
angular surface made by tree-covered cells (sqlegeees

angular surface made by cells of bushes (squareets

angular surface made by cells of roads and raiFrd¢sguare degres
angular surface made by cells of water (squareegés




