VALUING VISUAL INTRUSION 

USING STATED PREFERENCE EXPERIMENTS

Alejandro Tudela, Francisco Oyarce and Juan Pablo Briceño

Civil Engineering Department, Universidad de Concepcion

Concepcion, Chile

atudela@udec.cl

ABSTRACT

The aim of this work is to study the personal valuation of visual intrusion, using Stated Preference experiments. The effect on the valuation of the distance between the observer and the obstruction is taken into account. Standard Stated Preference experiments were designed and applied to people that live in area where the construction of an overpass is under consideration. A binary choice experiment was designed, comparing the present situation with a scenario considering the overpass. Attributes being considered were expenses in electricity and water services, walking time and visual obstruction levels. Photographs were used during the experimental stage. The Scaling Logit Approach was utilized to model joint databases, showing that better results can be achieved when considering explicitly that responses to SP experiments might have different variances. Results confirm that there is a willingness to accept compensation due to implantation of the viaduct. This compensation varies with the distance between the observer and the work. The subjective value of walking time resulted close to previous values got for people belonging to similar socio-economic conditions.
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1. 
INTRODUCTION
Valuation of environmental aspects has had an important growth over the last years, due to the need of considering all impacts for users and non users into the decision making process. An impact that has not been taken into account very well is visual intrusion.

The aim of this work is to get the subjective valuation of visual obstruction associated with an infrastructure project, using the stated preference technique. Visual obstruction is defined as the impediment to observe a landscape due to an infrastructure work, whilst visual intrusion corresponds to the importance that people give to the physical obstruction of the landscape.

Although hedonic prices theory could be used for the valuation, there is not enough information to use this technique. Contingent valuation method was not considered because of the difficulty to ask straight forward about the willingness to accept compensation due to a loss of an environmental amenity. Recent experiences show that the stated preference technique would be the more appropriated method to value the willingness to accept compensation due to a loss of a piece of landscape.

Stated preference experiments were applied in the Gaete neighbourhood, Talcahuano district, Chile. An overpass has been planned to be built in that area. This work will generate a visual obstruction, besides an increase in walking times. A binary choice experiment was designed, comparing the present situation against the new one, incorporating the overpass. Photographs were used to help people to understand the effect of the overpass on the landscape. These photographs were customized to introduce the visual effect of the work on the scenery.

Main results show that people are willing to accept compensation due to the construction of the overpass. The compensation value decreases with the distance from the observer to the work. The subjective value of walking time, used as a control variable, resulted similar to other values got in previous studies in the area. An important number of lexicographic responses were got, related to people that are not willing to accept any compensation and people that are willing to accept any money. All lexicographic answers were dropped from the estimation process. 

The following section contains some basic aspects related to concept of visual intrusion, whereas section three points out some methodological aspects related to the valuation of visual obstruction, with especial emphasis on the use of the Stated Preference technique. The application of the Stated Preference experiments is described in section four, whilst main results are shown in the fifth section. Main conclusions are drawn in the last section. 

2. 
VISUAL INTRUSION ASPECTS

Visual intrusion is defined as someone’s perception about a landscape, once an object has obstructed the landscape. Visual intrusion depends on three aspects: characteristics of the landscape being obstructed, perception of the person observing the landscape and the characteristics of the object that obstructs.

Landscape characteristics correspond to the colour, texture, shape, constitutive material, et cetera. Perception is linked to the observer location with respect to the obstructer object, landscape exposure level, personal expectations, et cetera. The object that obstructs is described by its texture, shape, relative size with respect to the landscape, et cetera.

The first and third aspects are strongly linked, since they are the aspects being finally assessed by the observer. Observer perception, a cognitive process, is associated with the original landscape, natural or human made, and the object distorting that view. 

Measurement of visual obstruction can be carried out in several ways. It could correspond to the high of the obstruction, the squared meters of the obstruction, percentage of lost view, and solid angle and location factor (Watkins, 1981). In transport the usual practice has been to find out the level of visual obstruction due to an infrastructure work. This has been done measuring the percentage of view being obstructed by the work. More complex measures have been proposed, such as the solid angle related to the whole infrastructure for a given observer location (Hothersall y Salter, 1977). 

Regarding the level of damage associated with a visual obstruction, the literature recognizes the complexity of the subject. The impact of an obstruction will depend upon the relative location of the observer with respect to the object, the characteristics of the work, what is being blocked, the surrounding of the obstructer object, whether the observer is permanent or non permanent, et cetera (Watkins, 1981; Hothersall y Salter, 1977). Therefore, it can be said that any measure of the obstruction requires a non-absolute measure, related to the context where the object is located. It can be expected that the subjective valuation of the intrusion should be depending upon the location of the observer regarding the location of the object, among many others factors.

3. 
ECONOMIC VALUATION OF VISUAL INTRUSION

The subjective value of visual intrusion depends on the type and level of obstruction, the surrounding and subjective aspects. The subjective nature of the valuation will be associated with the previous experience of the person regarding what is being assessed and his/her socio-economic characteristics. The little available experience on this issue shows that this is not an easy task, since it must be clarified whether the person is valuing the obstruction itself or the landscape being obstructed. For instance, Eliasson et al. (2002) tackled the intrusion aspect as an aggregated of impacts: visual, noise and spatial segregation, instead of dealing just with the visual intrusion. Garcia and Tudela (2005) developed an experiment oriented to measure specifically the visual intrusion.

There is a wide variety regarding the methods available to value the environmental impacts. A complete review can be found in Tinch (1995) and O’Connor and Spash (1998). Three methodologies can be identified for their use in this case: hedonic price (HP), contingent valuation (CV) and stated preferences or choice experiments (SP). 

Regarding the use of the hedonic price methodology, this cannot be used since there is no information about properties prices and their attributes. With respect to the contingent valuation method, its utilization was disregarded due to the difficulty to ask directly to people about their willingness to accept compensation (WTA) caused by visual obstruction; for a discussion regarding the fact of asking people straight about WTP or WTA, see Hausman et al. (1993). Besides, empirical work by Bateman et al. (2002) has shown that choice experiments have provided more realistic results than those got when using contingent valuation. Therefore, the choice experiments approach was used to measure the willingness to accept compensation.

The stated preference technique (choice experiments) consists of expressing preferences in hypothetical choice scenarios. It has its origin in the mathematical psychology (Luce and Tukey, 1964) and it has been used in the transport field since the early 80s; references about them can be found in Bates (1988), Hensher (1994), Ortuzar (2000) and Louviere et al. (2000). Choice experiments for the valuation of environmental aspects in the transport sector have been used by Carlsson and Johansson-Stenman (2000), Arsenio et al. (2002), Rizzi and Ortuzar (2003), Wardman and Bristow (2004), Tudela and Garcia (2004a, 2004b), Garcia and Tudela (2005), Sillano and Ortuzar (2005), and Tudela et al. (2006b). 

There are many methodologies to carry out a choice experiment design: classical experimental designs (Montgomery, 2001), optimal designs (Hensher et al, 2005) and cyclical designs (Bunch et al., 1996). In this work a classical approach was used since the scope was to study the willingness to accept compensation due to visual intrusion rather than to compare different SP design methodologies.

Regarding the valuation of visual intrusion, Eliasson et al. (2002) developed a study based upon SP experiments and the hedonic prices methodology, treating the visual obstruction impact as part of the description of sceneries, without disentangling it. Tudela and Akiki (2003) and Tudela et al., (2006a) carried out a SP experiment to find out the relative importance of visual obstruction (and intrusion) in a multi-criteria decision problem, showing up the importance of considering this impact into the decision process. Garcia and Tudela (2005) performed a prospective study to value visual intrusion using SP, finding that people would be willing to pay some money such that the landscape view is not obstructed by acoustic barriers. Finally, Tudela et al. (2006b) did a study to find out the willingness to accept some compensation due to the construction of an overpass in a residential area. This overpass will generate an increase in walking times and a permanent visual obstruction. Results showed that some people would be willing to accept some monetary compensation, with a visual intrusion value decaying when increasing the distance from the observer to the viaduct.

This article considers an extension of the last paper mentioned previously, increasing the data base size, and using a different approach for the data modelling.

4. 
DESIGN AND APPLICATION OF THE CHOICE EXPERIMENTS

The selection of the site where the stated preference experiments would be applied was an important issue during the empirical stage. This is rather important because it is expected that the subjective value of intrusion would be dependent on the situation and context being studied.

The chosen site corresponded to the Gaete neighbourhood, Talcahuano district, Chile. A franchised road connecting two ports has been under study for two years by now. This road requires the construction of a viaduct (overpass), 14 meter high, crossing part of the Gaete neighbourhood. This site was chosen because people were already aware about the construction of the overpass, since there was a consultation process carried out by the Public Works Ministry. An area close to the road, where the viaduct is deemed to be built, was chosen to apply the choice experiments. People belonging to the neighbourhood were interviewed.

Attributes considered in the SP experiments were walking time, electricity and water service costs and physical obtrusion. Walking time was taken into account for two reasons: to give realism to the experiment, since people are expected to walk more due to the transport infrastructure, and to verify the subjective economic values. Service costs were included because a payment mean was needed to find out the subjective value of intrusion; land tax was not used because many properties are exempt, whilst the residential telephone service is not always available. People were offered a reduction in service costs to compensate the environmental impact related to the presence of the overpass. Physical obtrusion was introduced using visual information, through digitally modified photographs of the area where the viaduct would be built (see figure 1). These photographs were taken from different distances and locations: 10, 50 and 100 meters. Viaduct heights were 5, 10 and 14 meters. Changes in distances and heights allowed us to study the effect of distance and height on the subjective valuation.

Binary choice experiments were prepared, with a two point semantic scale to collect people’s preferences. Pilot surveys were applied until a reasonable number of non-lexicographic and consistent responses were got; a sample of the SP design is shown in figure 1.

The current walking time, current service costs and a photograph of the area, with no alteration, described present situation. Alternative situation corresponded to a higher walking time, with a lower service costs, and a modified photograph, including the viaduct, but whose representation was adjusted to the distance from the observer to the infrastructure. Two levels were considered for the time and cost variables, whereas three levels were assumed for the obstruction, implying that a 12 factorial SP design was got for every distance; tables 1, 2 and 3 show the attributes values for the three scenarios.

Variation in walking time was decided such as these values were as real as possible.

The process of finding out the adequate monetary compensation due to the construction of the viaduct required the determination of a minimum compensation level, depending upon the distance to the overpass. Indeed, a sort of contingent valuation survey was carried out in situ to find out this minimum. Monetary compensation was restricted to one year, such that people were really aware of it.

The intervention of photographs required an extensive work, since the viaduct representation had to be such that the proportion with the surrounding looked like real. Relative size with respect to poles, trees, houses and so on had to be kept in mind when introducing the overpass in the photographs.

Initially two types of engineering designs for the overpass were considered during the SP pilot stage: supported by columns or an embankment. The second design was finally adopted, since people expressed confusing views when confronted with the structure supported on columns. It appeared a window effect when using the column-based design, introducing an extra aspect into the empirical work. Hence, for the sake of simplicity, an embanked overpass was used during the final application of SP experiments. Pictures from other overpasses were used to bring realism. The texture issue was left aside in this case since it would have brought more complexity to the experiment.

Surveys were applied randomly in the study area, restricted to people ageing between 16 and 65 years old and who lived in the area. This age rank was defined considering the feasibility of knowing household information regarding expenses and the viability of actually walking in the neighbourhood and surrounding area. Mean monthly household income for those that were interviewed was no more than USD 400. This corresponds to a low-income sector in the Chilean context. This socio-economic condition restricted the mean to collect the responses: pen and paper mean and face-to-face interviews were carried out.

An important number of lexicographic responses were got: around 50%, related to people that were not willing to accept any compensation and people that were willing to accept any money. These responses were not considered in the model estimation.

A full description of the fieldwork and modelling can be found in Briceño (2006) and Oyarce (2006).

5.
RESULTS

Responses were modelled with Binary Logit and Probit models, using the maximum likelihood method for estimation. Utility functions were specified linear in attributes and coefficients. Non-differences were obtained for both models. Results for the three distance Logit models are reported in table 4. Indirect utility function, Vi, corresponded to


[image: image7.jpg]


,















(1)

where ti, ci and OVi are the walking time, services cost and visual obstruction for option i. (t, (c and (OV are the coefficients for the time, cost and visual obstruction attributes. (0 is the specific constant, related to the situation with the overpass. The visual obstruction attribute was originally modelled using three specifications: overpass height, overpass surface (squared meters) and percentage of lost view. The best specification resulted from using a relative measure of the obstruction, i.e., the percentage of the lost view due to the implantation of the overpass. These results are shown in table 4. More details about the definition of this obstruction measure can be found in Tudela et al. (2006b). This table contains the attributes coefficients, the t-test, the likelihood logarithm, the (2(C) statistic and the data base size (pseudo responses).

It can be observed from table 4 that the existence of the viaduct might generate a positive or negative impact itself on respondents, depending on the distance to the overpass. There is no clear explanation for this. The calculation of the subjective value of the visual intrusion, i.e., the ratio between (OV/(c, shows that in general this valuation decays with the distance. Besides, the subjective value of the walking time ((t/(c) also decreases with the distance, id est, the further the observer then the smaller would be his/her subjective valuation of the walking time.

A joint model, considering all three databases, was also estimated. The application of the LR test showed that there was not gain joining the information straightforward. Separate models would perform better that a unique model, at least when using the specification given by equation 1.

Since there are differences between the databases, but considering that a joint model might take advantage of a bigger sample size, then different specifications were tried. Equation 2 shows the specification that provided the best model, considering the three databases together. This specification considers some dummy variables, affecting some of the attributes, correcting the coefficients for the distance between the observer and the viaduct.
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D50 and D100 are dummy variables, equal to 1 if the distance is 50 or 100 meters respectively, or 0 in any other case. If both dummies are zero, then equation 2 equals to equation 1. Notice that net coefficients for the time and visual obstruction attributes vary depending upon the distance being considered. This model might allow us to recover the individual models, but using a larger database.

Apart from specifying this single model, a correction was introduced in the aggregated database, such that differences in the error term variances associated with the different data might be taken into account explicitly. Indeed, the estimation of the single model, pasting different information, assumes that the error term variance is the same for all three databases. In fact, this is a theoretical requirement when using a Logit model (Ortuzar and Willumsen, 2001).

The correction of the databases was made following the approach used by Bradley and Daly (1994). If n databases are available, then the idea is to introduce n-1 penalty factors, correcting n-1 databases; one of the penalty factors is set equal to 1. All attributes belonging to a specific database are multiplied by the same penalty factor. These factors take into account that error variances might be different between different databases, i.e., databases might be heteroscedastic. 

The determination of the penalty factors could be made through an iterative process, looking for those factors maximizing the joint likelihood function. In this work a simultaneous optimisation procedure was used instead. A spreadsheet was utilized to find the best factors that maximised the joint likelihood function, as suggested by Bradley and Daly (1994). Optimal factors were used to correct the attributes, and then commercial software was employed to estimate the coefficients.

Penalty factors and the results of the estimation process are shown in tables 5 and 6 respectively. Regarding the penalty factors, it can be seen that they are different to each other, implying that the assumption about equal variance in responses for all three databases was wrong. A simple joint model, just pasting the data, was not correct. Indeed, the LR test showed that was not correct to join the databases. In the corrected single model, the application of the LR showed that the unique model performed better than individual models.

The estimated single model resulted very well indeed. t-tests were good for all coefficients. Signs were according to what was expected. As mentioned before, this penalized joint model represented better the three databases, instead of having independent models by distance.

Table 7 shows the subjective values for visual intrusion (SVI) and walking time (SVT). All these values are different from zero, for any distance; t-test were calculated using error propagation theory. Subjective values were obtained from the estimated single model, replacing dummy variables. It can be seen that the subjective value of intrusion decreases with the distance to the viaduct. The same happens to the subjective value of walking time. With respect to the visual obstruction, it can be said that responses showed that people were less aware about the viaduct when they live away from it. This implies that compensation values should decrease with the distance to the over pass. Similarly, the lower subjective value of time for further users would be saying that this valuation decreases with the trip length. An extra unit of walking time was less valued for long trips than for shorter ones. The walking time valuation agrees anyway with previous studies carried out in the area.

Non-linear specifications for the indirect utility function were also studied. For the available information, the best models resulted linear; more details can be found in Oyarce (2006).

6.
CONCLUSIONS

It has been shown that it is possible to apply the SP technique for the valuation of visual intrusion. Values from pasting three data bases associated with the same study area followed the expected trend: the further form the overpass then the lower would be the subjective valuation.

The estimation procedure showed that databases were not homoscedastic, i.e., they have different variances. This implies that it is not appropriated to paste the data and use a Logit model, unless a correction is introduced in the information. The scaling Logit approach was used to so do, showing that estimation results were improved significantly.

The fieldwork resulted very extensive. The photograph adjustment procedure took quiet a long time, since they should as real as possible. The usage of appropriate graphical software helped with this task.

The relatively high level of lexicographic responses is showing that there is a sector of the population that deserves a different treatment to find out their valuation of visual obstruction. Although SP designs were adjusted such that the most of people might take part of the experiments, it was got that there are people that might be thinking of other aspects when responding the SP experiments. A more in-deep work might be needed in this case to find out what they were really thinking about  

The use of a relative measure of the obstruction performed better than other absolute measures, such as the height and exposed surfaces. Relative measures allowed us to capture better the effect of distance when valuing the visual obstacle.

In this case the introduction of the viaduct might imply a reduction in welfare for people living in the area. It might be interesting to find out what might happen if the visual obstruction has associated a welfare gain. It might be also interesting whether different textures might generate different losses or gains.
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Table 1
Attributes for the 10-meter design
	
	Attribute

	Level
	Cost
	Time
	Height

	
	(CL$/month)
	(min)
	(meter)

	1
	5.000
	10
	5

	2
	15.000
	15
	10

	3
	-
	-
	15


Table 2
Attributes for the 50-meter design

	
	Attribute

	Level
	Cost
	Time
	Height

	
	(CL$/month)
	(min)
	(meter)

	1
	4.500
	5
	5

	2
	9.000
	10
	10

	3
	-
	-
	14


Table 3
Attributes for the 100-meter design

	
	Attribute

	Level
	Cost
	Time
	Height

	
	(CL$/month)
	(min)
	(meter)

	1
	3.500
	5
	5

	2
	7.000
	10
	10

	3
	-
	-
	14


Table 4
Logit model results for three distances

	Coefficient
	Distance (meters)

	
	10
	50
	100

	θ0
	1.945

3.2
	-1.443

-2.1
	-2.233

-3.5

	θt

(1/min)
	-0.358

-5.6
	-0.379

-5.7
	-0.213

-3.6

	θc

(1/CL$)
	-0.229

-7.0
	-0.628

-7.7
	-0.684

-7.6

	θOV

(1/%)
	-0.065

-6.6
	-0.082

-4.8
	-0.056

-2.3

	LL
	-145.8
	-135.7
	-145.7
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r

(C)
	0.311
	0.328
	0.231

	N
	354
	336
	288


Note: Small figures below coefficients correspond to t-test

Table 5
Optimal penalty factors

	Distance (m)
	Factor

	10
	0.35

	50
	0.83

	100
	1.00


Table 6
Results for the single model

	Coefficient
	Value

	θ0
	1.945

3.2

	θ50
	-6.015

-6.3

	θ100
	-4.756

-6.0

	θt

(1/min)
	-1.035

-5.8

	θt50

(1/min)
	0.877

4.5

	θt100

(1/min)
	0.888

4.7

	θc

(1/CL$)
	-0.662

-12.8

	θOV

(1/%)
	-0.188

-7.0

	θOV50

(1/%)
	0.120

3.7

	θOV100

(1/%)
	0.156

4.3

	LL
	-448.0
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r

(C)
	0.260

	N
	978


Note: Smaller figures below coefficients correspond to t-test

Table 7
Subjective values of Visual Intrusion and Walking Time

	Distance

(meters)
	SVI

(CL$/%)
	SVT

(CL$/min)

	10
	3402

6.8
	9.48

5.7

	50
	1224

45.3
	1.45

4.5

	100
	582

23.0
	1.35

4.0


Note: Smaller figures below values correspond to t-test
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Figure 1:
Example of the choice experiment. 10 meters





























































COMPENSACIÓN: $ 15000





Tiempo caminata: 10 min.





SITUACIÓN ACTUAL





Tiempo caminata: 5 min.
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