The value of a view: a spatial hedonic analysis*+
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This study estimates the value of a view amenity in the owner occupied residential property market in Auckland. Several dimensions of a view are analysed: type of view, scope of view and distance to the coast. Three hedonic equations are estimated to determine if view has an impact on the sale price of a residential property and, further, if the impact of a view varies with type, scope and distance to the coast. To improve efficiency, heteroscedasticity and autocorrelation consistent covariances are estimated. Results suggest that a view adds significantly to the value of a residential property, where a wide water view closer to the coast has the highest positive impact. Estimated coefficients indicate that at the coastline a house with no views costs about 22% less than a similar house with a water view, but a house with other views costs 19% less, on average. It is found that a wide water view increases the mean sale price approximately by 42% at the coastline, but for all scopes of view this effect diminishes rapidly as the distance to coast increases.
JEL:  Q51
1. Introduction

Residential properties are valued for their physical, locational, neighbourhood and environmental attributes. A scenic view is an environmental amenity that affects the value of a residential property. Evidence from previous studies suggests that a view can add significantly to the value of residential properties (see, for example, Darling, 1973; Benson et al., 1998; Seiler et al., 2001; Bourassa et al., 2004). However, in most of the early studies view has been treated generically even though views vary by type (e.g. Ocean, Lake, Mountain, and Forest) and by quality. Failure to treat view in a more elaborate manner was due to the difficulty of obtaining data regarding view variables, which was conquered more recently by the introduction of geographical information system (GIS) data. 
The aim of this study is to estimate the value of a view for a range of views which are differentiated by type and quality. Using a rich database of sale transactions for Auckland, two types of views (water views or other views) and three scopes of view (wide, moderate, or slight) were considered. In addition, the distance to the nearest coast was measured using GIS techniques. In 2004, about 11% of owner occupied residential property transactions involved properties with water views. The marginal effect of a view amenity was then estimated using standard hedonic models for the year 2004. The econometric problems that arise due to spatial correlation and heterogeneity are addressed via heteroscedasticity and autocorrelation consistent (HAC) estimation. 
This study hypothesises that a view adds significantly to the value of a residential property, where a water view has the highest positive impact. Moreover, it is hypothesised that the impact of a view varies significantly with the quality and also across distance to the coast. The following section provides a review of the literature on the value of view amenities. Section 3 describes the methodology and data, while section 4 provides model specification details. Section 5 presents the empirical results from three hedonic models. A final section provides conclusions with suggestions for further research. 
2. Literature Review

There is a large literature on the contribution of various types of environmental amenities to residential property values. In early studies distance from the environmental attribute to the property was commonly used to measure its impact on value. Measuring the value of environmental amenities has been improved more recently by taking visibility of the amenity from the property into account. View amenity was considered either as a primary or secondary focus of analysis in a relatively small number of studies, however very few studies have analysed the value of a view in a wider perspective. A majority of these studies incorporated a dummy variable to classify a property as having a view or no view without giving much consideration to the diversity of views. 
In one of the very first studies which attempted to measure the value of a view, Darling (1973) examined the impact of distance from three urban lakes in California on property values. Due to a lack of data on sale price, assessed value of the properties was used as a proxy. For two urban lakes, distance had a significant negative impact on the value of the property except for single unit dwellings where the impact was positive but insignificant. In addition it was found that a view of an urban lake caused a significant increase in value of properties; however there was some ambiguity as to whether the view was of the lakes or surrounding mountains.
More recently Benson et al. (1998) examined the impact of different types and qualities of views on residential property values in Bellingham, Washington. The authors classified views by three types - ocean, lake or mountain. Ocean views, were further categorised into four groups by the quality of view as “full”, “superior partial”, “good partial” or “poor partial”. Properties with lake views were classified as either lakefront or non-lakefront properties, whilst mountain-view properties were not differentiated by quality as the number of such properties in the sample were small. This particular study showed, for example, that a full ocean view adds about 60% to market price relative to a similar house with no views and the impact of water views on property values vary inversely with the distance to water. Similar results were obtained by Seiler et al. (2001). They estimated that a house with a view of Lake Erie has 56% higher value than a house with no view of the Lake.
Paterson and Boyle (2002) used a hedonic pricing model to estimate the impact of different types of views on residential property values in Connecticut. Views were categorised into Development, Agriculture, Forested area or Water and percentage of area in each type of view visible within a kilometre were measured to differentiate views by quality. They found that the degree of visible Forested land and Development caused significantly lower property values, where as visibility of Agriculture land did not appear to have a significant impact on property values. Surprisingly, Peterson and Boyles’ study revealed that the impact of a water view on house price was negative, suggesting that a house with a water view was valued less than a house without a water view, however this impact was found to be statistically insignificant. They have justified that the insignificant negative coefficient on visibility of water was due to lack of observations with water views.

Finally, Bourassa et al. (2004) investigated the impact of different types and qualities of a view on the sale prices of residential properties in Auckland using a standard hedonic price model. Utilising GIS data, Bourassa et al. (2004) were able to consider two types of views (over water and land), three scopes of views (wide, medium, and narrow) and for properties with water views they have included interactions with the distance to the coast. It was estimated that at the coastline a wide view commands a premium of 59% compared with a premium of 33% for a medium scope of view on average, where as the premiums were 18% and 13% respectively when 1,000 metres away from the coast. Despite the fact that this study attempts to analyse the influence of view amenity on property values in a wider prospect, the estimated results are somewhat questionable. The authors described that the distance to coast was only measured for properties with water views but distance to coast was added as an explanatory variable in the regression, it was either misspecified or the estimates were calculated incorrectly
. 
In this paper we differentiate between views to avoid generic treatment on view amenity. A common shortcoming in most of the previous studies (for example: Benson et al., 1998; Paterson and Boyle, 2002) is that they have not included variables to control for neighbourhood quality. The quality of neighbourhood is typically measured by using proxy variables such as socioeconomic variables (for example median neighbourhood income, population density, racial composition (Irwin, 2002)), per capita crime rate (Darling, 1973) and local municipal services. Omitting neighbourhood variables may lead to biased estimated coefficients if the neighbourhood variables are correlated with other variables included in the model (Gujarati, 1997). To overcome this problem, this study has included socioeconomic variables to control for neighbourhood quality; additionally, area unit indicator variables are included in order to control for the effects of area level services such as schools. View data were collected for a large number of owner occupied residential properties, in an attempt to overcome the small sample problem faced by previous researchers. This study improves on work by Benson et al. (1998), Bourassa et al. (2004) and Seiler et al. (2001) because consideration has been given to spatial dependence and spatial heterogeneity in hedonic housing analysis by estimating heteroscedasticity and autocorrelation consistent (HAC) covariances.
3.
Method and Data

Rosen (1974) in one of the most influential papers on hedonic theory, explained that hedonic methods are based on the hypothesis that differentiated products in a competitive market are valued for their utility bearing attributes. Hedonic price is defined as the implicit prices of attributes, which can be estimated by regressing product price on attributes or characteristics. There is no reason for the hedonic price function to be linear given that certain types of arbitrage activities (untying or repackaging
) are assumed to be impossible.
In this study the hedonic price model is specified as:
Pi = f (Hi, Ni, Li, Ei ; α, β, γ, δ)






(1)
where Pi is the residential sale price of the ith property, Hi is a vector of structural characteristics such as age of the property and floor area, Ni is a vector of neighbourhood characteristics for instance median income, Li is a vector of locational variables such as distance to nearest central business district, Ei is a vector of environmental attributes for example measures of view amenities and α, β, γ, δ are the respective vectors of parameters to be estimated.
Data

Located on an isthmus, Auckland City has abundance of residential properties with water views. As at June 2005 Auckland City had a population of 425,400 (10.4% of the New Zealand population) and has 672 people per square kilometre area. According to 2001 census data 64% of the population in Auckland City is European, 19% Asian, 13% Pacific Island and 8% Maori.
A rich database of 2,531 single transactions of owner occupied residential properties recorded during the year 2004 in Auckland City was obtained from Quotable Value New Zealand. These data include sale price, date of the sale, house structural variables (land area, floor area, roof condition, number of garages and so on), environmental variables (contour, type of view, scope of view), and some socioeconomic variables, for each transaction. Locational variables for instance distance to Auckland’s central business district (CBD), distance to coast and distance to the nearest park were added with the aid of GIS. The data were further enhanced by the addition of count data for extra socioeconomic variables using 2001 census data. Socioeconomic information is recorded for the mesh-block in which the property was located.
Prior to estimation, some outliers (farm lands with very large land area for example), observations with missing values for the variables of interest mainly the environmental variables, and properties which are not individually owned have been removed from the data set. After removing such observations the data set was reduced to 2,243 single transactions of owner occupied residential properties.

The average selling price during the year 2004 was $570,400 (to the nearest hundred dollars) where 11% of the properties had water views, 20% of the properties were reported to have other views and the rest had no appreciable views. Table 1 reports the descriptive statistics of the variables used
 in this study, these variables were chosen on the basis of interest and importance.
[Table 1]

Model Specification

Hedonic equations were specified with the natural log of sale price as the dependent variable and variables in Table 1 (except View Scope) as explanatory variables. Models utilised in this study were specified as:

Log (Pi) = β1 + β2 Hi + β3 Ni + β4 Li + β5 Ei  + error



(2)
Where 

Pi = residential sale price of the ith property.

Hi, Ni, Li, Ei = Vectors of Structural, Neighbourhood, Locational, Environmental characteristics respectively, for ith property.

β1, β2, β3, β4, β5 = parameters to be estimated.
As theory offers little guidance regarding specification and appropriate functional form, it is more often than not guided by empirical evidence. Rosen (1974) suggested that the theoretically appropriate form of a hedonic model is non-linear, subsequently semi-log (Paterson and Boyle, 2002; Bourassa et al., 2004) and log-log (Irwin, 2002; Benson et al., 1998) functional forms have been commonly used in literature. However, the linear functional form was also a popular choice due to the fact that it is readily interpretable (Davies, 1974; Seiler et al., 2001; Bowen et al., 2001).
Multicollinearity is a common problem in estimating hedonic models of residential house values which arises mainly due to the evolutionary nature of urban spatial structure (Irwin, 2002). For example neighbourhoods with larger old houses with large land area will, on average, have households earning higher incomes and residing within a certain range outside the central city. Even though there is high potential for multicollinearity to occur, the majority of previous studies have neither mentioned nor tested for the issue. In the presence of high collinearity between explanatory variables, least squares estimators are still the best unbiased estimators of the parameters; however, the coefficients may have very high standard errors and the usual t and F- tests can be uninformative. 
Classical linear regression models assume that members of observations ordered in space are independent of each other. According to Lesage (1999) traditional econometrics ignores two problems that can arise when sample data has a locational component, namely spatial dependence and spatial heterogeneity. With the increasing availability of spatial data and analysis methods, consideration of spatial dependence in hedonic price models has received growing attention in recent research (Paterson and Boyle, 2002; Irwin, 2001; Bowen, 2001; Bin et al. 2006).
Spatial heterogeneity refers to the fact that the underlying relationships we wish to study may vary systematically over space, whereas spatial dependence refers to the fact that sample data observations exhibit correlation with reference to points or location in space (Lesage, 1999). As Bowen et al. (2001) explain if the mean, variance, or covariance structure of housing sale price differs from location to location, they are said to be “spatially heterogeneous”. On the other hand, if the sale price of a house at one location is similar to that of a house located close by, for reasons other than those explicitly incorporated in the model, they are said to be “spatially dependent”. 
According to Lesage (1999) there are two reasons why we would expect to observe spatial dependence. Firstly, observations associated with spatial units such as cities, area units and so on, might reflect measurement error, if the administrative boundaries for collecting information do not accurately reflect the nature of the underlying process
. Secondly, the spatial dimension of socio-demographic, economic or regional activity may truly be an important aspect of a modeling problem.  In the presence of spatial dependence and/or spatial heterogeneity, ordinary least square estimators are still linear and unbiased but do not have minimum variance when compared to a procedure that allows for spatial correlation. Subsequently, the familiar inference procedures based on the F and t distribution will no longer be appropriate (Green, 1997). Even though spatial correlation and/or spatial heterogeneity may not be present in each and every hedonic housing analysis, it is important to test for spatial correlation so that the analyst knows if there is a violation of the independence assumption.
Preliminary Tests
As discussed earlier, multicollinearity is often a problem in estimating hedonic models; however, pair-wise correlations of the variables indicate that it is not a significant problem in this study (except for the high collinearity between View and View Scope
). To avoid the issue of multicollinearity, View Scope was not used in regressions.
We would certainly expect the mean and the variance of house prices to vary across area units and also expect dependence among house prices in the close proximity. The majority of the area unit coefficients are significant, hence corroborates heterogeneity. Results from White’s heteroscedasticity test indicated non-constant variance of log sale price, however, Ikazuriaga et al. (2006) pointed out that when spatial autocorrelation exists in a model the heteroscedasticity tests are not reliable as it may be generated by the spatial autocorrelation itself. 
By including the area unit indicator variables in the model, the impact of space at the area unit level remains captured and these control for the effects of area level services such as schools and also externalities such as noise/air pollution (Bowen et al., 2001; Bourassa et al., 2004). Considering the recent attention given to spatial context in housing hedonic analysis, the data were ordered by the distance to CBD
 in order to test for spatial correlation. A Lagrange multiplier test
 for spatial correlation indicated some evidence against the null hypothesis of no spatial dependence for all models. It was expected that some pattern of heteroscedasticity may exist in the distance to CBD variable, however the plots of residuals against distance to CBD revealed no such relationship. Since the form of both heteroscedasticity and spatial correlation are unknown, robust standard error estimation (HAC consistent covariances
 (Newey-West)) was performed to obtain more efficient estimates. Durbin Watson statistics indicated that there are no specification errors in any model.
4.
RESULTS
Model 1

In the first model all the structural, locational, neighbourhood and environmental variables (except View Scope) reported in Table 1 were considered. A quadratic term for the age of the property (AGE) was added to the model to allow for a non-linear relationship between age of the property and the dependent variable. Two dummy variables for View were included; 

OVIEW =1 if the property has other views, 0 otherwise.

NVIEW =1 if the property has no appreciable view, 0 otherwise.
Keeping other things constant, the estimated coefficients for the VIEW dummy variables measure the difference between the impact of each type of view and that of a water view, on average. The average percentage impacts of a unit change on sale price were calculated as 100*(eβ -1)
, where β is the coefficient value for the particular characteristic. Results from Model 1 along with the calculated percentage impacts on sale price are shown in Table 2.
[Table 2]

All regression coefficients of Model 1 have the expected sign, with the exception of AGE, and most coefficients are statistically significant at the 10% level or better. Sale prices are higher, the higher the land area, building floor area and number of garages, the better the roof condition, the older the house, and the higher the neighbourhood income, on average. The linear relationship between AGE and log sale price does not seem to be significant but as there appears to be a significant non-linear relationship between the two variables, AGE was retained in the model. A positive coefficient on quadratic AGE term reveals that sale price increases with the age of the property. The counter-intuitive results with respect to age of the property might be related to aspects of construction quality that have not been explicitly controlled. It was questionable at first glance; however, the positive sign on AGE can be explained by the “leak building problem” in Auckland in the recent past. Negative coefficient on ETHNICITY1 indicates that the sale price of a house located in an area with a non-European majority is less than that of a similar house in an area with European majority, on average; however this difference is only significant at the 10% level. The adjusted R2 is 83.6% for Model 1.
Residential property values decrease with distance to CBD, distance to coast and distance to park, on average. It was estimated that on average, a 100 metre increase in distance to the coast reduces the value of a property by about 1.5%. Negative coefficients on both VIEW dummy variables are consistent with expectations that a water view has the highest impact on property values. Value of a house with other views is 12% less where as the value of a house with no appreciable views is 14% less, compared to the value of a similar house with water views, approximately on average.

Model 2

For different types of views, the value of a view may vary depending on the distance to coast; for instance premium for a water view may be higher closer to the coast than 500m away from the coast compared to other types of views. In particular for water views, the more distant the view the smaller the view premium. To test the hypothesis regarding the conditional impact of distance to coast and view, interaction variables between each type of view and distance to coast were added to the previous model. Such an approach was employed by Benson et al. (1998) and Bourassa et al. (2004) previously, where interaction variables between distance and view were included in both studies.
When interaction terms are included in the model, the main effects of distance and each type of view cannot be interpreted separately as they are now conditional on each other. Percentage impact of a particular type of view can be computed as the following: 

100* [ e(β+ (δ+μ)distance) – 1]



(3)
Where β is the coefficient on the VIEW dummy variable, δ is the coefficient on the view and distance interaction term, and μ is the coefficient on distance to the coast (Aiken and West, 1991).

The two interaction variables DNO and DOTHER measure the mean difference of distance’s impact between each type of view and a water view, holding other things constant. Estimates for Model 2 in Table 2 confirm that impact of distance on sale price is in fact dependent on the type of view
. Coefficients on DCOAST and both VIEW variables are significant and negative, where the negative impacts of VIEW variables are higher compared to Model 1. Coefficients on both interaction variables DNO and DOTHER are significant and positive. Since the impact of distance to coast is dependent on the type of view; positive coefficients on interaction variables indicate that the effect of distance is lower on properties with other views and no appreciable views, compared to properties with water views. Percentage impacts on average, for different types of views, at distances of 100m, 250m, and 500m
 from the coast are reported in Table 3.
[Table 3]
Estimated coefficients corroborate that the sale price of a house is higher if the house has a water view relative to a house with no appreciable view and in addition to this sale price decreases with the distance from the coast. The results imply that a house with water views would cost 4% less if located 100m away from the coast, 10% less if located 250m away from the coast and 19% if 500m away from the coast compared to a similar house at the coastline, on average. A house with other views on average would cost 19% less if located at the coastline 20%, 21% and 24% less if located 100m, 250m, 500m away from the coast respectively compared to a similar house at the same location with water views.  For a property with no appreciable view the average percentage impacts differ across distance in a similar manner. 
Comparing the effects of different type of views, the results suggest for example that at the beach, value of a house with no appreciable view is 22.25% less where as it is 19.34% less if it has other views on average, compared to a similar house at the same location with water views. Figure 1 illustrates the sale price of different type of views depending on the distance to coast compared to a $500,000 house with water views located at the coastline, on average.
Coefficients of other characteristics describing residential properties show no changes in significance or in sign compared to Model 1.

Model 3

View properties were initially classified by type of view – water or other, in Model 1 and Model 2. The value of a view however, may vary depending on the quality of view, especially for water views.  It was not possible to include the type of view variables and scope of view variables at the same time due to high collinearity between the two variables. Thus the following vector of view variables was created in order to incorporate information about the quality of water views.
MWATER = 1 if the property has a moderate scope of water view, otherwise 0

SWATER = 1 if the property has a slight scope of water view, otherwise 0

NWATER = 1 if the property has no water view, otherwise 0
Keeping other things constant, the estimated coefficients for the water dummy variables measure the mean difference between the impact of each scope of water view and that of a wide water view. Table 4 provides estimated coefficients and the calculated percentage impacts for Model 3. The adjusted R2 of Model 3 is 84% which is slightly higher compared to the previous models. Analysis of variance test comparing Model 2 and Model 3 confirms that Model 3 is a better model.
Again, to test the hypothesis regarding the conditional impact of distance to coast and view, interaction variables between each scope of view and distance to coast were added. The three interaction variables DMW, DSW, and DNW measure the difference of distance’s impact between each scope of water view and a wide water view. The estimated results from Model 3 in Table 4 illustrate that the interaction terms are significant and positive which indicate that the effect of distance is largest on properties with wide water views. Percentage impact of a particular scope of water view was computed using Equation 3. 
In the presence of the above mentioned interaction variables, the main effect of a particular scope of view or distance to the coast cannot be interpreted separately, as they are now dependent on each other. Percentage impacts on average, for different scopes of views, at distances of 100m, 250m and 500m from the coast are presented in Table 5. Estimated coefficients verify that the impact of a view on sale price varies significantly across the quality of water views and distance to the coast. Value of a residential property increases with the quality of water views, while it decreases with the distance to the coast.
[Table 5]
The results imply that a house with wide water views would cost 11% less if located 100m away from the coast, 25% less if located 250m away from the coast, and 43% less if 500m away form the coast compared to a similar house at the coastline, on average. A house with moderate water views would cost 31% less if located at the coastline 33% less, 35% less and 38% less if located 100m, 250m , 500m away from the coast respectively compared to a similar house at the same location with wide water views, on average.  For a property with slight water views and no water views the average percentage impacts differ across distance in a similar manner. 

Comparing different scopes of water views, for instance, the value of a house located 100m from the coast would be 33% lower if it has moderate water views, 36% lower if it has slight water views and 43% lower if it has no water views compared to a similar house with wide water views at the same location. Mean sale prices of different scope of views across distance, compared to a $500,000 residential property located at the coastline with a wide water view are exemplified in Figure 2. 
[Figure 2]
Most other variables in Model 3 are significant with expected signs and the level of significance has improved for the majority variables compared to Model 1 and Model 2. The coefficient estimates indicate the following relationships between property characteristics and sale price, on average. Sale price increases with the age of the property. Results indicate that a better quality roof adds to value. A house with an average roof condition will sell for 4.7% less than a similar house with a good roof condition, and an additional hectare of land area adds 54%. Relative to a house in an European majority neighbourhood, a house in a non-European majority neighbourhood sells for 2.69% less. Premium for an additional garage is approximately 5% while an additional square metre of building floor area adds approximately 0.4% to the value. Sale price of a house is 4.28% lower if it is in a neighbourhood with households earning below $50,000, compared to a similar house in a neighbourhood with households earning above $50,000. Estimated coefficients indicate that residential property sale prices decrease as distance from park, CBD, and Coast increase. As the distance to CBD increase by 100 metres, sale price decreases by 0.3% and as the distance to nearest park increase by 100 metres, sale price decreases by 0.51%.
Estimates from this study are in line with those reported in previous research. Benson et al. (1998), for example, investigated the impact of water views according to the scope of the view and the distance to the ocean in a similar study. Results from Benson et al. (1998) suggest that the positive impact of water views in Bellingham, Washington, is greater than that in Auckland, New Zealand. Their estimates reveal that the sale price of a property with a full water view located 0.1 miles from the water, for instance, is approximately 68% higher relative to a similar house with no water views on average. The results of the current study implies that the average value of a residential property with wide water views located 160m
 away from the coast is about 43% higher than that of a similar property with no water views. This result may seem surprising at first glance given that over 20% of the properties in their sample had water views, compared with 11% in our sample for Auckland. In this study, the longest distance to coast is about 500 metres compared to two miles in the Benson et al. (1998) study. This substantiates that Aucklanders are reluctant to pay a larger premium for a water view because of their proximity to the coast when compared to people in Bellingham, Washington.
5.
CONCLUSIONS

The aim of this study was to investigate the multidimensional nature of environmental attributes, mainly the view amenity and to estimate its impact on residential property values. View amenity was considered either as a primary or secondary focus of analysis in a relatively small number of studies, however few of these studies have analysed the value of view in a wider perspective. A majority of these studies incorporated a dummy variable to classify a property as having a view or no view without giving much consideration to the diversity of views. In contrast, this study utilises a detailed classification system that diversifies views on the basis of both type of view and scope of view. In addition, this study allows the impact of a water view to vary with distance from the coast.
Hedonic estimation results for Auckland, New Zealand, confirm that the positive impact of a view on house values vary with both the type and the quality of view. Like Benson et al. (1998), Bourassa et al. (2004), and Seiler et al. (2001), it is found that a scenic view adds to the value of residential properties. Coefficients from a simple model suggest that value of a house with other views is approximately 12% less where as the value of a house with no appreciable views is approximately 14% less, compared to the value of a similar house with water views, on average. 

  Modelling the impact of a water view is further improved by the addition of variables that interact view with distance to the coast. Water views are found to have the strongest positive effect on sale price where the positive effect increases with the scope of the view and declines with distance to the coast. Value of a house located 100m from the coast would be 33% lower if it has moderate water views, 36% lower if it has slight water views and 43% lower if it has no water views compared to a similar house with wide water views at the same location. 
Estimated coefficients indicate, for example, that a house with wide water views would cost 11% less if located 100m away from the coast, 25% less if located 250m away from the coast, and 43% less if 500m away form the coast compared to a similar house at the coastline, on average. A house with Moderate water views would cost 31% less if located at the coastline, 33% less, 35% less and 38% less if located 100m, 250m , 500m away from the coast respectively compared to a similar house at the same location with wide water views, on average.  For a property with slight water views and no water views, average percentage impacts differ across distance in a similar manner. Based on these results, it appears that utilising spatial variables such as distance to the coast in addition to a comprehensive classification of view can add significantly to the estimation of residential property values. The value of the view amenity in other residential property markets located in different geographic regions may vary widely from the values derived in this study depending on the type and the quality of the view and also the level of supply in the market. 
The validity of the reported results rests on the success of the econometric techniques used in this study to solve the problems that arise from unobserved spatial correlation and heterogeneity. The HAC estimation technique was used to correct for the aforementioned problems, however those problems cannot be solved completely as such. To overcome this limitation, further studies could employ the method of specifying a spatial weight matrix to estimate a spatial autoregressive model (Bowen et al., 2001; Lesage, 1999; Paterson and Boyle, 2002; Bin et al., 2006; Ikazuriaga et al. 2006). Like Benson et al. (1998) and Bourassa et al. (2004), this study measures water views using ordinal values (i.e. wide, moderate, slight, or no view). Future work can potentially address this topic using hedonic models that incorporate quantitative measures of views by adopting GIS-based approaches (See, for example, Paterson and Boyle, 2002; Bin et al., 2006).
Appendix A: Variable Definitions

AGE
= the year of sale minus the year built.

LANDAREA
= land area of the property measured in hectares.
FLOORAREA = the square meter of the structure.
GARAGES
= the number of garages- total of freestanding garages and garages under the main roof.
DCOAST
= distance to the nearest coast measured to the nearest 100metres.
DPARK
= distance to the nearest park measured in metres.
DCDB
= distance to Auckland’s Central Business District (CBD) measured in metres.
ROOF1
= a dummy variable equal to 1 if the roof condition is average, equal to 0 if the roof condition is good.
INCOME1
= a dummy variable equal to 1 if the family income is below $50,000 in the mesh-block the property is located, equal to 1 if the if the family income is above $50,000 in the mesh-block the property is located.
ETHNICITY1
= a dummy variable equal to 1 if the percentage of European Ethnic      Groups in the mesh-block population is below 75%, otherwise.

AREA
= a vector of dummy variables indicating the census area unit which the property is located in, there are 99 census area units in Auckland. 

The omitted category is Auckland Central East.

VIEW
=
a vector of two dummy variables defined as
OVIEW   = if the property has a Focal Point Of view – Other
NVIEW   = if the property has No appreciable view
The omitted category is Focal Point Of view - Water 

View Scope = a vector of three dummy variables defined as 



MODERATE= if the property has a moderate scope of view



SLIGHT        = if the property has a slight scope of view




NONE
          = if the property has no appreciable view


The omitted category includes “wide” scope of view
References
Aiken, L.S., and S.G. West. 1991. Multiple Regression : Testing and Interpreting Interactions. Newbury Park, Calif.: Sage Publications.

Benson, E.D., J.L. Hansen, A.L. Schwartz, and G.T. Smersh. 1998. Pricing Residential Amenities: the Value of a View. Journal of Real Estate Finance and Economics. 16: pp 55–73.

Bin, O., T. Crawford, J.B. Kruse, and C. Landry. 2006. Valuing Spatially Integrated Amenities and Risks in Coastal Housing Markets. The Center for Natural Hazards Research. East Carolina University.
Bourassa, S.C., M. Hoesli, and J. Sun. 2004. What’s in a View? Environment and Planning A. 36(8): pp 1427-50.
Bowen, W., M. Mikelbank, and D. Prestegaard. 2001. Theoretical and Empirical Considerations Regarding Space in Hedonic Housing Price Models. Growth and Change. 32: pp 466-90.
Darling, A.H. 1973. Measuring Benefits Generated by Urban Water Parks. Land Economics. 49:  pp 22-34.

Davies, G. 1974. An Econometric Analysis of Residential Amenity. Urban Studies.11: pp 217-225.

Greene, W.H. 2003. Econometric Analysis. Upper Saddle River, N.J. : Prentice Hall.

Gujarati, D. 1992. Essentials of Econometrics.  New York : McGraw-Hill.

Ikazuriaga, I.A., A.F. Rodriguez, and P.A. Etxebarria. 2006. The Price of the Rustic Land in a Protected Natural Area: Econometric Analysis in the Case of the Urdaibai Biosphere Reserve. Paper presented at the International Conference on Regional and Urban Modelling. Brussels. June 1-3.
Irwin, E. 2002. The Effects of Open Space on Residential Property Values. Land Economics. 78: pp 465–481.

Lee, A., C. Triggs, A. Miller, and R. Ihaka. 1997. Advanced Statistical Modelling. University of Auckland.
LeSage, J.P. 1999. Spatial Econometrics. Unpublished manuscript available online from http://www.econ.utoledo.edu/faculty/lesage/lesage.html.

Paterson, R., and K. Boyle. 2002. Out of Sight, Out of Mind? Using GIS to Incorporate Visibility in Hedonic Property Value Models. Land Economics. 78: pp 417-25.

Rosen, S. 1974. Hedonic Prices and Implicit Markets: Product Differentiation in Pure

Competition. Journal of Political Economy. 82: pp 34-55.

Seiler, M.J., M.T. Bond, and V.L. Seiler. 2001. The Impact of World Class Great

Lakes Water Views on Residential Property Values. Appraisal Journal. 69: pp 287–295.

	Continuous Variables


	Variable Name
	Mean

	S. deviation

	Sale price ($)
	SALEPRICE
	570,381
	405,628.70

	Age of the property (years)
	AGE
	48.36
	30.54

	Land Area (hectares)
	LANDAREA
	0.057
	0.10

	Building floor area (m2)
	FLOORAREA
	137.35
	58.93

	Number of Garages
	GARAGES
	1.4
	0.84

	Distance to the coast (m)
	DCOAST
	418.68
	144.71

	Distance to Park (m)
	DPARK
	521.18
	239.97

	Distance to CBD (m)
	DCDB
	7,851.16
	4,501.21

	Roof Condition;  Good
	
	0.52
	

	                            Average
	ROOF1
	0.48
	-

	View;                  Water 
	
	0.11
	

	                            Other
	OVIEW
	0.20
	-

	                            No view
	NVIEW
	0.69
	-

	View Scope;       Wide
	
	0.04
	

	                            Moderate
	MODERATE
	0.11
	-

	                            Slight   
	SLIGHT
	0.16
	-

	                            None
	NONE
	0.69
	-

	Income;               Above $50,000
	
	0.62
	

	                            Below $50,000
	INCOME1
	0.38
	-

	Ethnicity;            European majority
	
	0.37
	

	                            Non European  majority                 
	ETHNICITY1
	0.63
	-

	Area units

	AREA
	
	-


TABLE 1

Property Characteristic Variables: Variable names and Descriptive statistics  

Table 2

OLS (with HAC) estimation Results: model 1 and model 2

	                                         Model 1                                                 Model 2

	Dependent variable: log (SALEPRICE)

Number of Observations: 2,243

Method: Least Squares

Newey-West HAC Standard Errors & Covariance

	Variable
	Coefficient
	Percentage

 impact
	Probability
	Coefficient
	Percentage 

impact
	Probability

	C
	12.00521
	-
	0.0000 ****
	12.06758
	-
	0.0000 ****

	AGE
	-0.001233
	-
	0.1441
	-0.001236
	-
	0.1408

	AGE^2
	3.14E-05
	-
	0.0001 ****
	3.15E-05
	-
	0.0001 ****

	DCBD
	-3.06E-05
	-0.0031
	0.0052**
	-3.01E-05
	-0.003
	0.0051**

	DCOAST
	-0.000145
	-0.0145
	0.0077**
	-0.000412
	See section 5.2
	0.0013 ***

	DNO
	-
	-
	-
	0.000352
	0.035
	0.0068**

	DOTHER
	-
	-
	-
	0.000304
	0.030
	0.0433*

	DPARK
	-5.25E-05
	-0.005
	0.0485*
	-5.60E-05
	-0.006
	0.0339*

	ETHNICITY1
	-0.026569
	-2.62
	0.0744
	-0.025802
	-2.55
	0.0777

	FLOORAREA
	0.003946
	0.40
	0.0000 ****
	0.003926
	0.39
	0.0000 ****

	GARAGES
	0.050018
	5.13
	0.0000 ****
	0.049399
	5.06
	0.0000 ****

	INCOME1
	-0.046946
	-4.59
	0.0000 ****
	-0.044727
	-4.37
	0.0001 ****

	LANDAREA
	0.430509
	53.80
	0.0000 ****
	0.431919
	54.02
	0.0000 ****

	NVIEW
	-0.147063
	-13.68
	0.0000 ****
	-0.251648
	see section 5.2
	0.0000 ****

	OVIEW
	-0.132505
	-12.41
	0.0000 ****
	-0.214910
	see section 5.2
	0.0001 ****

	ROOF1
	-0.045688
	-4.47
	0.0000 ****
	-0.046438
	-4.54
	0.0000 ****

	R-squared
	0.844424
	0.845402

	Adjusted R-squared
	0.836244
	0.837120

	S.E. of regression
	0.202646
	0.202103

	Sum squared residuals
	87.46938
	86.91952

	Log likelihood
	455.7817
	462.8541

	Durbin-Watson stat
	1.911592
	1.907186

	Mean dependent variable
	13.10825
	13.10825

	S.D. dependent variable
	0.500771
	0.500771

	Akaike info criterion
	-0.305646
	-0.310169

	Schwarz criterion
	-0.017701
	-0.017128

	F-statistic
	103.2239
	102.0768

	Prob(F-statistic)
	0.000000
	0.000000


Significance codes:  0 '****'
0.001 '***'
  0.01 '**' 
    0.05 '*' 

0.1 ' '
Table 3
Mean percentage impact of view on sale price, depending on distance to the coast

	
	Distance from the coast

	View
	At the beach
	100m away
	250m away
	500m away

	Water view
	-
	-4.04%
	-9.79%
	-18.62%

	Other view
	-19.34%
	-20.21%
	-21.49%
	-23.58%

	No view
	-22.25%
	-22.71%
	-23.41%
	-24.55%


Table 4

OLS (with HAC) Estimation Results: model 3

	Dependent variable: log (SALEPRICE)

Number of Observations: 2,243

Method: Least Squares

Newey-West HAC Standard Errors & Covariance
	
	

	Variable
	Coefficient
	Percentage impact
	Std. Error
	Probability  

	C
	12.46657
	-
	0.112122
	0.0000****

	AGE
	-0.001292
	-
	0.000832
	0.0597

	AGE^2
	3.19E-05
	-
	7.85E-06
	0.0000****

	DCBD
	-2.95E-05
	-0.00295
	1.06E-05
	0.0002****

	DCOAST
	-0.001123
	See section 5.3
	0.000303
	0.0000****

	DMW
	0.000952
	
	0.000324
	0.0001****

	DNW
	0.001055
	
	0.000302
	0.0000****

	DSW
	0.000895
	
	2.54E-05
	0.0003****

	DPARK
	-5.06E-05
	-0.0051
	0.000317
	0.0227*

	ETHNICITY1
	-0.027283
	-2.69
	0.014713
	0.0485*

	FLOORAREA
	0.003858
	0.387
	0.000148
	0.0000****

	GARAGES
	0.048575
	4.98
	0.007025
	0.0000****

	INCOME1
	-0.043761
	-4.28
	0.011742
	0.0004****

	LANDAREA
	0.432898
	54.17
	0.088084
	0.0000****

	MWATER
	-0.379249
	See section 5.3
	0.097533
	0.0000****

	NOWATER
	-0.553923
	See section 5.3
	0.091322
	0.0000****

	SWATER
	-0.417612
	See section 5.3
	0.010317
	0.0000****

	ROOF1
	-0.047722
	-4.66
	0.095902
	0.0000****

	R-squared
	0.848848

	Adjusted R-squared
	0.840600

	S.E. of regression
	0.199932

	Sum squared residuals
	84.98249

	Log likelihood
	488.1297

	Durbin-Watson stat
	1.909571

	Mean dependent variable
	13.10825

	S.D. dependent variable
	0.500771

	Akaike info criterion
	-0.330923

	F-statistic
	102.9247

	Schwarz criterion
	-0.032785

	Probability(F-statistic)
	0.000000


Significance codes:  0 '****'
0.001 '***'
  0.01 '**' 
    0.05 '*' 

0.1 ' '
Table 5

Mean percentage impact of view on sale price, depending on distance to the coast

	
	Distance to coast

	View
	at the beach
	100m away
	250m away
	500m away

	Wide water view
	
	-10.60%
	-24.42%
	-42.88%

	Moderate water view
	-31.20%
	-32.70%
	-34.90%
	-38.41%

	Slight water view
	-34.15%
	-35.58%
	-37.68%
	-41.01%

	No water view
	-42.29%
	-42.68%
	-43.26%
	-44.22%
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Figure 1
Mean property sale price relative to a $500,000 house with water views located at the coastline
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Figure 2
Mean sale price compared to a $500,000 residential property located at the coastline with a wide water view
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� It was stated that for properties with water views, distance to coast was obtained; however in the estimated model authors have included distance to coast for the whole data set. If distance to coast was measured for all properties, estimated coefficient of distance should be included in the calculation of mean percentage impact of view depending on distance (see Aiken and West, 1991).


     


� Untying is impossible- e.g. a house with two single bedrooms is not the same as a house with one double bedroom house.


 Repackaging is impossible – e.g. if the house is 100meters away from the park, it is assumed that it can not be modified in a way such that the distance to park will change. 


� A description of all the variables is presented in Appendix A.


� For example the underlying process of a residential property market in one city may not differ to that in a neighbor city, closer to the administrative boundary of the two cities.


� Correlation between View and View Scope is 0.86


� The first step of dealing with the spatial correlation is to quantify the locational aspects of the sample data. Given that we can always map a set of spatial data observations, there are two sources of  locational information we can use. Firstly distances from any point in space, or the distance of observations located at distinct points in space to observations at other locations (e.g. distance to the CBD)  and, secondly, contiguity. It is important to order data by distance as the strength of spatial dependence between observations should decline with the distance between observations (Lesage , 1999).


� Breusch-Godfrey Lagrange multiplier  test is not a formal test for spatial correlation but it can be used to obtain an indication of the presence of spatial correlation.


� HAC covariance estimators are consistent in the presence of both heteroscedasticity and autocorrelation of unknown form. 


� Correct formula for the percentage impact is taken from the lecture manual of Advanced Statistical Modelling Department of Statistics, the University of Auckland.





� The intercept represents the mean value of a house when all the variables set equal to zero, which is not meaningful hence it was not used in the equation.


� Analysis of variance test comparing Model 1 and Model 2, and interaction plot give strong evidence against the null hypothesis that  interaction variables should not be included (see Table 3C and Figure 3C in Appendix C).


�  For this sample the longest distance to coast was 500m, calculations outside the range of data may not follow the same pattern.


�  0.1miles = 160.9344 m


� Mean for dummy variables indicate the proportion of properties with a particular attribute.


� Mean for area unit dummy variables are not included as there are quite a few of them.


� Detailed table of results with area unit coefficients and standard errors are given in the Appendix C. 


� Coefficients of area unit dummy variables are provided in Appendix D.
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