
Winescape’s Aesthetic Impact on Lodging Room Prices:
A Spatial Analysis of the Douro Region
Alexandre Guedes and João Rebelo

Department of Economics, Sociology and Management, University of Trás-os-Montes and Alto Douro, Vila
Real, Portugal

ABSTRACT
This study estimates the local economic effects on lodging
establishments’ room prices of the winescape’s aesthetic attributes,
mostly shaped by the wine filière, combined with other
fundamental situation, site-specific and online reputation factors. A
semi-parametric geographically weighted regression model was
applied to examine how lodging establishments’ room prices vary
in space. The hedonic pricing model was based on Booking.com’s
room rates of lodging establishments located in the Douro region in
Portugal, a monocultural environment, which is predominantly rural
and dominated by vineyards, combining small towns with a hybrid
urban-rural character. The results suggest that landscape factors,
which encapsulate structural features of the Douro wine region,
exert a statistically significant effect on lodging establishments’
room prices.
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Introduction

Tourism is largely driven by space insomuch as tourism’s economy is explained by the
concept of utility of places, which determines people to migrate as customers. Unlike
other consumer goods/services, tourism’s supply is not relocatable or displaceable
(Miossec, 1977). Production and consumption are synchronized and coextensive. There-
fore, location can be a key determinant of product differentiation, equally in terms of its
production and consumption (Bull, 1998).

Rural spaces and specifically wine regions’ landscapes are clearly an illustration where
the location is an intrinsic characteristic that outlines product differentiation based on
inherent physical qualities (Bruwer, 2003). These endemic factors define the character
and “difference of place” (Bruwer, 2003, p. 424) as a key influential cause of attraction
and appeal to visitors (Getz & Brown, 2006). These unique set of physical, cultural and
natural environments have been coined as “touristic terroir” (Hall & Mitchell, 2002) and
winescape (Hall, Sharples, Cambourne, & Macionis, 2000; Peters, 1997; Telfer, 2000),
which are impregnated of specific physical, social and cultural qualities (Hall et al., 2000)
that define the expression of the wine region’s scenic beauty (Bruwer & Alant, 2009)
and aesthetic value.
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Landscape and nature-related attributes, “i.e. scenery and/or natural settings” (Bruwer,
Gross, & Lee, 2016, p. 183) alongside with the rural landscape’s quality (Carmichael, 2005)
exert an influential pull effect on tourism’s demand (Santeramo, Seccia, & Nardone, 2017),
and are amongst the foremost destination attributes motivating visitors who “seek
hedonic experiences within the context of the region’s winescape” (Bruwer et al., 2016,
p. 182).

Therefore, space and location are clear determinants of tourism’s development and,
particularly, of lodging establishments that are mostly susceptible to location and regional
context stimuli, which exerts strong influence on demand (Yang & Cai, 2016), competitive-
ness/performance (Molina-Azorin, Pereira-Moliner, & Claver-Cortés’s, 2010) and room rates
(Bull, 1994; Peña, Jamilena, Molina, & Olmo, 2015).

One method that is appropriate to measure the location and environmental effects on
the economic value of lodging establishments is the hedonic pricing model (Fleischer,
2012; Santeramo & Barbieri, 2017), which derives implicit attribute prices under an equili-
brium market. Hedonic analysis has substantiated many of the outcomes of numerous
environmental and landscape conditions on the lodging establishments’ room prices
(Andersson & Hoffmann, 2008; Hamilton, 2007; Hunt, Boxall, Englin, & Haider, 2005;
Nelson, 2010; Peña et al., 2015) but scant attention has been given to the effects of location
on lodging establishments’ room prices in wine regions, considered a monocultural
environment (Poitras & Getz, 2006; Viers et al., 2013), despite some contribution to
measure the influence of environmental attributes on rural tourism rental and room
prices (Bilbao-Terol, Cañal-Fernández, Valdés, & Del Valle, 2017; Peña et al., 2015;
Suárez-Vega, Santana Jiménez, & Hernández Guerra, 2009). Also, most of the hedonic
pricing models in the hospitality sector have been applied to urban morphologies and
sea resorts (Bull, 1994; Latinopoulos, 2018; Thrane, 2007; Zhang, Zhang, Lu, Cheng, &
Zhang, 2011), characterized by spatial proximity and heterogeneity, which explained lod-
ging’s room prices significant spatial autocorrelation.

Winescapes tend to combine specific environmental and landscape amenities (e.g. vine-
yards and wineries) within a regional and low-density context, unlike urban and sea
resorts. Thus, in such an environment, can one expect room prices to be spatially depen-
dent? Equally, do winescape’s environmental features exert a significant impact on lodging
establishments’ room prices, i.e. do room prices have a positive spatial dependence on
environmental factors?

Therefore, the aim of this research is to estimate the local economic effects on lodging’s
room prices of the winescape’s environmental/landscape attributes, mostly shaped by the
wine filière, combined with fundamental situation (e.g. accessibility), site-specific and
online reputation factors. To analyze the wine region’s winescape spatial economic
effect on lodging room prices, a hedonic pricing model is applied. Explicitly, a geographi-
cally weighted regression method is used as an exploratory tool, that enables to model
strategic individual local interactions and allows a post-structuralist interpretation that
looks “(…) closely at spatially-situated interactions (…)” (Murdoch, 2006, pp. 2–3).

To achieve the goal of this research, we observed the Portuguese Douro region, a
monocultural environment which has been regulated for more than 200 years by its
core traditional productive activity, the wine filière, combined with structural landscape
features imbued with high aesthetic and cultural value. Additionally, the Douro region
is positioning itself as a tourist destination (Rebelo, Guedes, Gomes, & Sequeira, 2013)
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based on its winescape’s distinctiveness, perceived as a destination image (Bruwer & Gross,
2017; Bruwer & Joy, 2017; Byrd, Canziani, Hsieh, Debbage, & Sönmez, 2016), which makes it
an excellent showcase of a winescape environment.

We believe that this study contributes to gain a deeper understanding of the demand
for agritourism and particularly for wine tourism, since it includes a spatial econometric
model using geographical information systems (GIS) in order to explore the impact on
lodging room prices of specific spatial varying attributes that are encapsulated within
the winescape’s framework. Moreover, according to our knowledge, this is the first appli-
cation of a spatial hedonic pricing method to lodging establishments located in a wine-
scape setting with a low-density and monocultural environment.

Literature review

Hedonic pricing

Santeramo and Barbieri (2017) offer a comprehensive outline of the methodologies and
practice used in research to assess the demand of agritourism which are classified into
two main categories: Stated and Revealed preference methods. The hedonic price
method (hedonic regression) falls within the scope of consumer revealed preference
approach which focuses on price response by using a price-attribute function to estimate
the joint effect of attributes on marginal implicit prices and determine the implicit
demand. Based on the concept of hedonic utility presented by Lancaster (1966), Rosen
(1974) developed the theory of hedonic pricing which hypothesized that goods can be
“valued for their utility-bearing attributes and characteristics” and proposed a hedonic
model based on econometric estimation of implicit prices that “guides both consumer
and producer locational decisions in characteristics space” (Rosen, 1974, p. 34).

Since Rosen (1974) the hedonic pricing has been widely used to estimate the price of
housing and describe price variations contingent on locational and property attributes
(Bull, 1998). This method has also been applied to tourism by modeling room price
based on the combination of two main groups of attributes: “market-induced” which
tend to be variable characteristics and “non-market” factors (Fleischer, 2012, p. 599).

Within the market-induced attributes, research has acknowledged key site features that
are correlated with lodging establishments’ characteristics, namely star rating (Espinet,
Saez, Coenders, & Fluvià, 2003; Israeli, 2002), online reputation (Yacouel & Fleischer,
2012), size (Espinet et al., 2003), age (Hung, Shang, & Wang, 2010), affiliation with a
brand name (Wu, 1999), hotel-chain membership (White & Mulligan, 2002) as well as
internal facilities (Latinopoulos, 2018; Monty & Skidmore, 2003).

Also, research has identified a string of “non-market” (Fleischer, 2012, p. 599) attributes
as key predictors of room prices. These have concentrated on twomain dimensions: (1) the
distance from external features, namely from city centers (Thrane, 2007; Zhang et al.,
2011), neighborhoods (Carvell & Herrin, 1990), environmental and landscape features
(Bull, 1998; Hunt et al., 2005; Peña et al., 2015) and accessibility factors (Bull, 1994;
Zhang et al., 2011); (2) and the landscape aesthetic value recorded by Bull (1998, p. 145)
as the “extent of a view” which consists of a spectrum of “neighborhood amenities” (Lati-
nopoulos, 2018, p. 88), that define the setting’s quality and accordingly its effect on the
room’s value dependent on changing factors such as the view from a room (Fleischer,
2012; Latinopoulos, 2018), and the type and quality of a landscape (Hamilton, 2007;
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Hunt et al., 2005). Furthermore, room rates tend to be influenced by neighboring lodging
establishments (Abrate, Fraquelli, & Viglia, 2012), and thus abide by a distance decay effect.
To capture the “distance-decay” effect of spatially heterogeneous processes, such as
spatially varying room prices in response to “non-market” attributes, recent studies (e.g.
Latinopoulos, 2018; Soler & Gemar, 2018; Zhang et al., 2011) have applied geographically
weighted regression (GWR) method, which expands the Ordinary Linear Regression (OLS)
model, commonly used to estimate hedonic price models.

In the case of lodging establishments located in rural and low-density settings various
studies have analyzed the effects of the environmental context on rural tourism (Nakaya,
2015; Suárez-Vega et al., 2009) as well as the correlation between rural tourism and agri-
cultural amenities (Bilbao-Terol et al., 2017; Fleischer & Tchetchick, 2005; Le Goffe, 2000;
Vanslembrouck, Van Huylenbroek, & Van Mennesel, 2005).

Likewise, in the particular circumstance of wine tourism specific implications outlined
within the winescape’s construct have captured the importance of aesthetic elements (Wil-
liams, 2001) in the wine tourist’s experience that are prompted by the wine region’s
natural environment (Bruwer & Lesschaeve, 2012).

Winescape concept

The concept of winescape has since its introduction by Peters (1997) expanded the original
wine region’s meaning, based on wine production processes, by adding an aesthetic and
experiential utility function, which stems from the wine region’s natural setting and land-
scape imagery (Williams, 2001). This concept has, thus, evolved to provide a “framework
for scenic interpretation” of the wine region (Bruwer & Gross, 2017, p. 499) and express
the wine tourism’s destination image (Bruwer & Joy, 2017). This means that the tourism
experience is embedded into the wine regional setting (i.e. natural environment) which
therefore acts as an important factor of consumption of wine tourism (Bruwer et al.,
2016). According to Bruwer and Lesschaeve (2012), the winescape provides a good illus-
tration where the natural environment, i.e. the “region’s natural beauty/setting (land-
scape)” (p. 611), is the most important dimension noted by visitors.

Several publications have given attention to the winescape’s conceptualization, particu-
larly to establish the key attributes of the wine tourism experience. In doing so, research
has followed two approaches that focus on the place where the wine tourism experience
ensues: a micro approach and a macro approach (Bruwer & Gross, 2017; Bruwer & Joy,
2017). The micro approach, which is advocated by Quintal, Thomas, and Phau (2015),
looks at the winescape “as the environment at a specific winery” (p. 597), viewing it (the
winescape) as a circumstantial element which affects the wine tourism experience in an
identified environment (the winery). Conversely, the macro approach looks at the wine-
scape as the wine region, by observing all attributes which condense the destination
wine region in order to predict wine tourist consumption behavior (Bruwer & Gross, 2017).

Despite the clear methodological divergence between both approaches, research
outputs have unanimously exhibited the importance of the “natural landscape” (Quintal
et al., 2015, p. 602) or “nature-related dimension (i.e. scenery and/or natural settings)”
(Bruwer et al., 2016, p. 183) as a critical dimension of the winescape which is perceived
by tourists. These findings suggest the vital importance of the spatial variable dimension
that captures regional/local variations on tourists’ preferences influenced by the
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winescape’s aesthetic and landscape value, which GWR can model by depicting different
relationships that exist at different points in space (Brunsdon, Fotheringham, & Charlton,
1996; Nakaya, 2015).

Thus, the combination of both approaches (micro and macro) by capturing local chan-
ging effects on lodging room prices in response to variable conditions of the winescape’s
attributes and integrating it into a holistic view of the wine region destination fits the
purpose of this research which applies a spatial hedonic price model within a regional
context.

Methodology

Study area

The Douro region is located in the north eastern part of mainland Portugal. Its landscape is
predominantly rural (97%) (INE, 2016) and mostly dominated by vineyards which define
the Demarcated Douro Region (DDR)—considered one of the oldest demarcated and
regulated wine regions in the world (established in 1756) where the renowned Port
wine is produced (Caldas & Rebelo, 2013). This region is bisected horizontally by the
Douro river, a critical natural element that shapes this region’s landscape and its aesthetic
value, currently considered a vital river cruise hot spot (Gouveia, Rebelo, Lourenço-Gomes,
& Guedes, 2017; Guedes & Joukes, 2016).

Within the DDR, lies the Alto Douro Wine Region (ADWR), (10% of the DDR) classified
World Heritage Site by the United Nations Educational, Scientific and Cultural Organization
(UNESCO) in 2001, which distinguished this region’s cultural and landscape uniqueness.

Data

A total of 130 lodging establishments located in the Douro region were extracted from a
database provided by the regional destination management organization (DMO) respon-
sible for promoting the Porto and North of Portugal destination, which is consistent with
the total number of accommodation establishments reported by Statistics Portugal (INE,
2016). The obtained list contains small-medium scale accommodation units. 79% of
lodging establishments have, on average, seven rooms per unit and are classified as
rural tourism and Alojamento Local (hostel) according to the Portuguese legal framework.
The remainder (21%) are small-medium size hotels with an average of 37 rooms per
accommodation unit (Table 1).

Room prices were collected from Booking.com, one of the largest online travel meta-
search engines, ranked first as compared to all other sites in its main category, i.e. Accom-
modation and Hotels, by Similarweb (2018), which renders it a relevant online reputation

Table 1. Data—lodging establishments’ categories and average size.

Lodging establishment’s categories
Number of units Average number of rooms

[abs. (rel.)] [average; std. dev.]

Alojamento local (hostels) 48 (37%) 6.6; 8.6
TER/TH (rural tourism) 55 (42%) 7.2; 3.2
Hotels 27 (21%) 37.0; 33.9
Total 130 (100%) 13.2; 20.3
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measure that is based on the consumer’s post-experience review as well as a representa-
tive source that provides an echo of the price that consumers are willing to pay (Chen &
Rothschild, 2010). This allows to control for company bias. Likewise, it can be considered
an appropriate track of the “(…) vendor’s perception of the implicit price for the hotel’s
product” (Chen & Rothschild, 2010, p. 3).

Room prices were extracted from January to December 2016. Since the Booking.com’s
rates can vary over time according to room availability, special offers, discounts, etc., in
order to control for these factors, we recorded the highest rate for an overnight stay in
a double room for each accommodation unit on the nearest Saturday of the 15th of
each month and an annual average room price was calculated per lodging establishment.
This methodology was chosen to capture room rates subject to the same demand con-
ditions and thus mitigate the deviational effect of seasonality in the study, which followed
a comparable methodology of previous studies that applied the hedonic pricing method
to lodging room prices (Fleischer, 2012; Latinopoulos, 2018).

Exogenous attributes: a multivariate analysis

Based on the literature review as well as on the study area’s geographical features, nine
exogenous attributes were derived (Table 2) which capture the aesthetic, location, site-
specific and online reputation room price controlling attributes.

Drawing on the diversity of accommodation typologies due to our study’s low-
density geography we considered two exogenous site-specific attributes which we
deem to mirror relevant accommodation units’ physical and organizational traits
(Andersson, 2010): (a) number of rooms; and (b) types of lodging. Despite being
referred by numerous authors as a key influential exogenous attribute affecting room
prices (Israeli, 2002; Zhang et al., 2011), star-rating system was not included in our
model due to our sample’s heterogenous nature, predominantly comprised by small
and medium-size accommodation units which is an outcome of the study’s geographi-
cal context.

Table 2. Exogenous attributes.
Exogenous attributes

Types of attributes Acronyms Short description Units

Non-market
Situation DR-distance Minimum distance between a tourist accommodation unit and the

Douro River
Distance (m)

V-distance Minimum distance between a tourist accommodation unit and a
vineyard

Distance (m)

ADV-distance Minimum distance between a tourist accommodation unit and the
Alto Douro Wine Region—UNESCO

Distance (m)

Q-distance Minimum distance between a tourist accommodation unit and its
nearest quinta

Distance (m)

TS-distance Minimum distance between a tourist accommodation unit and its
nearest train station

Distance (m)

MR-distance Minimum distance between a tourist accommodation unit and its
nearest main road

Distance (m)

Market-induced
Site-specific R Number of rooms Number of

rooms
TA Types of accommodation 1; 2; 3

Online reputation BR Booking.com rate [2.5–10]

6 A. GUEDES AND J. REBELO



A relevant dimension that affects room prices is comprised by a set of location charac-
teristics that were measured considering the shortest straight linear distance to each
accommodation unit (Figure 1). QGIS (version 2.14.19-Essen; Free Software Foundation,
Inc, 2017), a geographic information system (GIS) software, was used to measure and
store linear distances between accommodation units and situation factors.

Nine exogenous variables were built-in our model based on their contextual impli-
cations and distinctive value both in terms of rural setting and as critical pull factors for
the success and development of the Douro as a tourist destination (Rebelo et al., 2013).
The Douro river is a signifyingly landscape feature that gave its name to the region and
accrues economic, historical, environmental, and aesthetical value. Vineyards were also
considered an essential element that distinguishes the landscape’s rural quality and attrac-
tion. The ADWR stripe was regarded a key independent variable due to its UNESCO signifi-
cance as well as being viewed as the most preserved wine landscape segment of the DDR.
The quintas were also chosen as an influential variable due to their impact on the land-
scape’s organization (Rebelo et al., 2013) and both on the rural and tourism economies.
Two train stations in the study area were selected, considering the significance of
railway as an accessibility factor that links the Douro to Oporto, where the second most
important Portuguese international airport is located as well as their hypothetical function
as internal hubs. Dispersion is also a characteristic of low-density areas which challenges
accessibility within the region, being road availability (Donnges, 2003) one factor that can
affect tourism development and therefore room prices. Thus, the nearest distance of each
accommodation unit to the Douro’s main road network was considered as a situation attri-
bute. Finally, Booking.com scoring system was used as an online reputation factor which
has been identified on previous research as an essential contemporary exogenous attri-
bute that can influence room price (Li, Ghose, & Ipeirotis, 2008; Yacouel & Fleischer, 2012).

Following the preceding recognition of typologies of price explanatory variables, we
further advanced the model’s explanatory construct by exploring the underlying factor
structure (latent variables) of our nine variables using exploratory factor analysis (EFA).
This is particularly relevant due to seemingly underlying constructs influenced by the

Figure 1. Location characteristics.
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groups of exogenous attributes which we mentioned before classified as: (1) market-
induced; and (2) non-market.

Prior to this interpretation we used a natural log transformation of our original continu-
ous variables to moderate skewed distributions (Wooldridge, 2009). For “Booking ratings”
we chose to normalize due to it being a final score resulting from an average calculated by
Booking.com based on six features assigned by the reviewer (Costantino, Martinelli, & Pet-
rocchi, 2012; Mellinas, María-Dolores, & García, 2016). Furthermore, “Type of Accommo-
dation”, being an exogenous categorical variable was kept in its original format.

To submit our variables to EFA the sample size should be larger than 100 and “(…) have
at least five times as many observations as the number of variables to be analyzed (…)”
(Hair, Black, Babin, & Anderson, 2014, p. 101). Due to our nine variables, a minimum
threshold of 45 observations was required, which we met (n = 130). High intercorrelations
were checked by examining an R-matrix, a correlation matrix. The presence of clusters was
uncovered due to relevant correlation coefficients (>0.3 and less than 0.8) (Table 3)
between subsets of variables which implies underlying dimensions that are being
measured by our set of exogenous variables. Both the Bartlett test of sphericity (501.71
at p = .000) and the Kaiser–Meyer–Olkin measure of sampling adequacy (KMO = .68) indi-
cated a significant level of correlation between variables to perform a factor analysis. Fur-
thermore, the determinant of the R-matrix was greater than 0.00001 (0.018), indicating
that multicollinearity was not an issue.

To extract factors, we applied the Principle Component method with Varimax rotation
and assumed Kaiser’s criterion to retain only factors with eigenvalues greater than 1 (latent
root) (Hair et al., 2014). A scree plot was used to verify and determine the number of factors
extracted. The preliminary analysis exhibited a three-factor result, accounting for 72% of
the variance. The variable “Booking ratings” (Norm_BR) reported a low communality
value which indicated a small proportion of variance explained by the extracted factors.
Consequently, this item was removed, and the analysis was repeated. Again, a three-
factor solution was retained after “Booking ratings” was excluded, but their explanatory
ability improved by six percentage points accounting for 78% of total variance.

Variables “Douro River”, “Vineyard”, “Alto Douro Wine Region—UNESCO” and “Quinta” all
loaded highly (>0.707) on factor 1 (Table 4) which was designated “Landscape Factor”, due
to their latent common attribute which distinctively springs from the Douro’s environmental
context. This factor accounted for 40% of the variance. The second factor, which explained
almost 22% of total variance, is likewise a situation feature that sanctions an underlying

Table 3. R-matrix.
Correlation matrixa

LnR TA LnDR LnV LnADV LnQ LnMR LnTS Norm_BR

1.00 0.67 −0.04 0.06 −0.04 0.05 −0.11 −0.13 −0.30
1.00 −0.08 0.01 −0.11 −0.03 −0.09 −0.11 −0.11

1.00 0.40 0.79 0.42 0.26 0.64 −0.05
1.00 0.54 0.52 −0.16 0.32 −0.21

1.00 0.56 0.16 0.63 −0.05
1.00 0.03 0.35 −0.10

1.00 0.62 0.19
1.00 0.10

1.00
aDeterminant: 0.018 (>0.00001).
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dimension which is associated with accessibility. This is clearly displayed by both variables
which load highly (>0.786) on this factor, i.e. “Main Roads” and “Train Stations”. The third
extracted factor, which we labeled “Site Factor”, accounted for 16% of the variance. This
factor is an evident representation of site attributes, due to the extremely high loadings
(>0.9) of both “Number of Rooms” and “Type of Accommodation” variables.

Thus, EFA allowed to estimate latent variables (factors) by summarizing and reducing
(Hair et al., 2014) our initial set of exogenous variables that we defined and captured
based on preceding literature review (Figure 2), which we believe yields a strategic
model outline for further OLS and GWR analysis.

Regression specification

Based on the previous data reduction, the annual average room price (Pi) of lodging estab-
lishments was modeled (hedonic pricing) as a function of the resultant factors, i.e. land-
scape (F1i), accessibility (F2i), site (F3i), and online reputation (BRi) factors:

Pi = fi(F1i,k , F2i,n, F3i,m, BRi,t) (1)

Considering Kj to be the whole set of lodging establishments’ factors
(F1k , F2n, F3m and BRt), the empirical demonstration of the i-th lodging establishment’s
annual average room price is represented as

Pi = a+ bKi,j + 1i (2)

where Pi is the implicit annual average room price regarding Kj attributes, a is the intercept
term, b is the vector of Kj coefficients, K are the j attributes of the lodging establishment
and 1 is a stochastic residual term.

To choose the appropriate hedonic price model’s specification we estimated two
models based on OLS approach: (1) one which assumes the room price in its linear
form (Pi); and (2) another which applies a natural logarithmic transformation to the
room price (LnPi). Both model specifications capture the dependent variable’s response
to our models’ explanatory variables (F values respectively equal to 17.197 and 18.348).
Given that the second hedonic price model construct provides the best fitting coefficients
(F = 18.348, R2 = 0.37), it was chosen as the most suitable to determine the association
amongst the room price and the set of explanatory variables.

Table 4. Results of exploratory factor analysis—rotated factor loadings, eigenvalue and percentage of
variance.

Variables

Factors (component)

F1 F2 F3
Landscape factor Accessibility factor Site factor

Number of rooms (LnR) 0.041 −0.077 0.909
Type of accommodation (TA) −0.049 −0.029 0.913
Douro River (LnDR) 0.707 0.473 −0.035
Vinyards (LnV) 0.828 −0.17 0.038
Alto Douro Vinhateiro—UNESCO (LnADV) 0.842 0.336 −0.065
Quintas (LnQ) 0.776 0.02 0.018
Main roads (LnMR) −0.116 0.922 −0.052
Train stations (LnTS) 0.484 0.786 −0.088
Extraction method: principal component analysis. rotation method: varimax with kaiser normalization
Eigenvalue 3.207 1.75 1.307
% Variance 40.087 21.877 16.331
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The partial derivative of the utility function with respect to a lodging establishment’s attri-
bute (Kj) is the consumer’s marginal willingness to pay function for that attribute, as follows:

∂Pi
∂Kij

= ∂P(Kj)
∂Kij

(3)

In the OLS regression approach the marginal price effect with respect to a lodging
establishment’s attribute (Kj) is assumed to be fixed and thus the estimated coefficients
are expected to be universal (Brunsdon et al., 1996). However, in our case it is sensible
to suppose that, namely landscape traits and accessibility attributes are local variable
factors “rather than a global utility assumed for each commodity” (Brunsdon et al.,
1996, p. 283), which presupposes spatial variation of the estimated coefficients.

One of the proposed statistical methods that enables the model’s coefficients for each
location in space to be estimated and mapped is that of geographically weighted
regression (GWR). GWR expands the standard linear regression model by combining
spatial data and enabling local variations of the model’s coefficient estimates which are
therefore specific to a location i, with geographic coordinates (xi , yi) (Brunsdon et al.,
1996), where x stands for longitude and y for latitude.

Consequently, the i-th lodging establishment’s annual average room price at each
location (xi , yi) is represented as

Pi(xi , yi) = a(xi , yi)+
∑q
j=1

bj(xi , yi)Ki,j + 1i (4)

Figure 2. Data summarization.
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Function Pi(xi , yi) describes a local correlation over location (xi , yi) where a(xi , yi) and
bj(xi , yi) are exclusive to that place in space. Despite the previous model being based on
the conjecture that the function Pi(xi , yi) explains a local correlation over location (xi , yi),
which entails that all coefficients vary across space (geographically varying), in specific cir-
cumstances regression coefficients may be fixed which means they have a global impact
on room prices. Thus, to allow the presence in our model of both globally fixed and geo-
graphically varying coefficients a semi-parametric GWR model is applied, as follows:

Pi(xi , yi) = a(xi , yi)+
∑r

j=1

bjKi,j +
∑q
j=r+1

bj(xi , yi)Ki,j + 1i (5)

The GWRmodel’s performance requires prior calibration which assumes that the observed
data near to location i with coordinates (xi , yi) has greater influence in the estimation of the
bj(xi , yi)’s than observations located further from i. Thus, an observation is weighted based
on its distance to point i so that the weighting of an observation in location p varies with i
(Charlton & Fotheringham, 2009). Also, due to the dispersed configuration of our data
(Figure 1), which could determine that less data points are influencing the estimation of
local regressors, an adaptive bi-square spatial kernel function was applied which yields
spatially adaptive kernels, i.e. it applies small bandwidths in spaces where the data points
are more concentrated and larger bandwidths where the data points are more dispersed.
Thus, weights were calculated according to the following weighting function (wi,p):

wi, p = (1− (di,p/ui(k))
2)
2
, di,p , ui(k)

0, di,p . ui()k

{
(6)

wherewi,p is the weight of an observation at location p to estimate the coefficient at point i, di,
p is the Euclidean distance between i and p; and ui(k) is an adaptive bandwidth size defined as
the k-th nearest neighbor distance.

Our weighting function is susceptible to the level of distance-decay and consequently
the ideal kernel bandwidth is a compromise between bias and variance (Nakaya, 2015),
which can be determined by reducing the corrected Akaike Information Criterion (AICc)
for a particular ui (Fotheringham, Brunsdon, & Charlton, 2002).

To run our econometric model, we used GWR 4.09, a Geographically Weighted
Regression Modelling software written by Nakaya, Fotheringham, Charlton, and Brunsdon
(2009). This software also includes a fitting routine (L to G; local to global variable selection)
for automated variable selection which runs a sequence of model evaluations to uncover
local and fixed globally explanatory effects on the dependent variable (Nakaya et al., 2009).

After running GWR 4.09 the optimal fitting combination of terms is defined by three
local (F1, F2 and F3) and one global (BR) exogenous variables. As a result, the GWR semi-
parametric model, an extension of GWR which combines globally fixed and geographically
varying coefficients, can be specified as follows:

LnPi(xi , yi) =a(xi , yi)+
∑q
j=r+1

bi(xi , yi)F1i,j ++
∑q
j=r+1

bi(xi , yi)F2i,j

++
∑q
j=r+1

bi(xi , yi)F3i,j +
∑r

j=1

biBRi,j + 1i

(6)
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In addition, GWR results were mapped to identify and construe patterns and relation-
ships. Specifically, R2 measures of goodness-of-fit, parameter estimates, and t-test values
were spatially interpolated using Inverse Distance Weighted (IDW) interpolation.

Results

Given that our model’s factors are latent variables based on logarithms, it is important to
take notice of their significance and estimated coefficients’ signs. The OLS results (Table 5)
display a significant impact of all factors on the lodging establishment’s annual average
room price (Pi). The estimated coefficients’ signs concur with the theoretical assumption
previously debated, namely that the increase of distance of lodging establishments
from landscape and accessibility factors has a negative impact on room prices. Likewise,
site factors’ results conform according to the literature review (Zhang et al., 2011), i.e. a
more sophisticated service which in our case is represented by the hotel as opposed to
hostels (Alojamento Local) as well as the size of lodging establishments have a positive
effect on room prices. Furthermore, Booking.com rating coefficient (global attribute) is
also positive which means that an increment in ratings determines a rise in the annual
average room price of the lodging establishment.

Furthermore, the estimated coefficients’ signs in the GWR model concur with the OLS
regression model. Additionally, the GWR’s results exhibit a range of values (e.g. Landscape
factor coefficients vary between −0.14605 and −0.141771) that are very close to the OLS
factors’ coefficients which are latent variables based on logarithms. Despite that fact, all
three non-stationary variables in the GWR model suggest spatial variation in parameter
values. These features will be commented bellow—throughout the spatial econometric
analysis.

Spatial autocorrelation in the residuals of the OLS model was tested by measuring
Moran’s autocorrelation coefficient (Global Moran’s I) of the residuals of LnPi (xi , yi)
(lodging establishment’s annual average room price) using GeoDa (version 1.8.16.4;
Anselin, 2017) software. The Moran’s I index was tested statistically not significant at the
5% level. Thus, spatial autocorrelation in the annual average room price of accommo-
dations in the Douro is not a prevalent issue as in other models, namely in urban areas

Table 5. Results—global and local models.
GWR—mixed (semiparametric) model

OLS model Non-stationary variables
Stationary
variables

Coeficcient
Lwr (25th)
quartile Median

Upr (75th)
quartile Mean Coefficients

Intercept term 3.927783* 3.915279 3.916779 3.920807 3.921184
Landscape factor (F1) −0.135921* −0.146053 −0.145189 −0.141771 −0.141645
Accessibility factor (F2) −0.091341* −0.100050 −0.096424 −0.091629 −0.092346
Site factor (F3) 0.097532* 0.101768 0.101768 0.105523 0.100452
Booking.com rating (BR) 0.657059* 0.657059
N 130 130
R2 0.37 0.39
R2 [min.-max.] – [0.25–0.43]
Adj R2 0.34 0.35
AICc 69.57024 69.26000

*Statistically significant at 1% level.
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and sea resorts (Latinopoulos, 2018; Zhang et al., 2011), which could be due to the low
density and more scattered distribution of accommodation units along the research
area. Also, as noted by White and Mulligan (2002, p. 541) “spatial interdependence is poss-
ibly not as critical an issue” at a regional level “as it is at the intraurban scale”.

Despite these results (Moran’s I), the difference of estimates of the corrected Akaike Info
Criterion (AICc) between both models denotes a slight improvement on the goodness-of-
fit of the local semiparametric GWR model, which exhibits a lower estimate (−0.31),
although the absolute result of the AICc difference is below 1. Likewise, the semi-para-
metric GWR displays a higher R2 (0.39) value, representative of a better model fit.

Summing up, regardless of the apparent absence of spatial autocorrelation of our global
model the semi-parametric GWR provides local goodness-of-fit measures, namely R2 esti-
mates, which exhibit an extensive level of spatial dissimilarity, ranging from 0.25 to 0.43.
This broad interval, which includes values below the fixed R2 estimate (0.37) of the global
model, provides a new insight on the changing effects and magnitude produced by our
model on the annual average room price which is far from spatially homogenous.

Based on the GWR’s output we generated a spatially interpolated surface which illus-
trates the spatial variation of local R2 values (Figure 3). This provides an overview that
clearly depicts a horizontal change in the goodness-of-fit values along the study area
and changing proportion of the variance on the dependent variable, with higher R2

local estimates clustered on the western side where lodging establishments are more con-
centrated and denser and gradually decreasing towards the eastern section, which is spar-
sely occupied.

This visibly depicts a spatial pattern that outlines a distance decay effect which means
that the interaction between two points decays as the distance between them increases,
which our model seems to describe through a decreasing gradient of the level of pro-
portion of the variance (R2) in the average annual room price (Figure 3) as the lodging
establishments are more scattered.

The results confirm tourism’s contingency on the Douro’s landscape factors (F1), that
combine dominant features such as the Douro river, the ADWR–UNESCO, the vineyards
and the quintas. These attributes display a high level of significance of geographic varia-
bility across the hole study area (significance threshold at 98%). Likewise, landscape par-
ameter estimates exert higher influence on room prices of lodging establishment that are
near these attributes and lesser influence over observations that are further away.

This pattern is validated by the spatially interpolated surfaces of the local t-statistics sig-
nificance (Figure 4), which in the particular case of accessibility (F2) and site (F3) factors
exhibit a decrease of the confidence level of the reliability of the estimation procedure
as observations are more dispersed. Accordingly, the estimates’ standard error follows
the same spatial pattern.

Despite the prevalent rural and low-density morphology of the Douro region as well as
some dispersion of lodging establishments that could elicit some concern with accessibil-
ity factors (F2), results display a decrease of the significance of parameter estimates as well
as lower influence over lodging establishments that are more scattered.

Results show that distance to accessibility factors on more denser sections exhibit a sig-
nificant negative effect on the annual average room prices which could mean that density
increases competition and therefore accessibility features which make a given lodging
establishment more convenient exert greater influence on the room price.
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Figure 3. Spatial display of the local R2 values.

Figure 4. Spatial display of local t-statistics significance and standard errors of F2 and F3 factors.
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Furthermore, site factors (F3), which combine size and types of accommodations,
decrease their significant effect on the variance of room prices where lodging establish-
ments are more dispersed and in particular cases are not significantly associated with
room price on our hedonic price model.

In addition, site factors (F3) exert a greater and positive influence on room price as size
and level of sophistication (hotel versus hostels) increases (Figure 5). This factor has a stron-
ger influence and more significant on the western side of our research area where lodging
establishments are larger and more diverse, containing hotels, which are absent on the
eastern section.

Regardless of the similarity with the OLS coefficients, the semi-parametric GWR’s mean
coefficients depict a variable and heterogenous spatial pattern where each factor influ-
ences the average annual room price unevenly along the study area. GWR captures the
spatial change of the estimated coefficients’ signs which concurs with the discussed
theory, i.e. an increase in the lodging establishments distance to landscape and accessibil-
ity features tends to affect negatively room prices and an increase in the size and service
sophistication of lodging tends to affect positively and raise room prices (Zhang et al.,
2011).

Additionally, the way that prices change in respect to concentrated or dispersed spatial
patterns of lodging establishments in the Douro region is clearly an empirical observation
of Tobler’s law (Tobler, 1970), which sanctions the assumption that lodging’s room prices
are also affected by their relative distance to each other and that near lodging establish-
ments are more related than distant lodging establishments.

Figure 5. Influence of site factors (F3) on room price by geographical location.
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Conclusions

This article has contributed to gain a deeper knowledge of demand for agritourism and
particularly for wine tourism by estimating the economic significance of the winescape’s
aesthetic value and its local economic effect on lodging establishments’ room prices. To
assess the aforesaid economic significance a semi-parametric GWR model was used
which also combined site-specific and online reputation factors.

GWR analysis revealed a broad scale of local goodness-of-fit estimates (local R2 values)
which demonstrated relevant spatial dissimilarity. Therefore, the semi-parametric GWR
model’s results provided a fundamental overview of spatial variations of the annual
average room price of lodging establishments located in a winescape environment,
spatially dependent on factors that are concealed by the estimation of a global model
and average measurement (OLS model). It thus provided a spatial context to construe a
spatially variable phenomena as well as help decision making (Goodchild & Janelle, 2004).

Our results confirm that lodging establishments’ room price policies in a winescape
environment are very much an outcome of the geographic context and spatially
varying conditions, as well as dependent on the level of concentration of lodging estab-
lishments in space. Additionally, room prices and accommodation performance are also
contingent on a global factor which provides online international reputation (Booking.-
com) based on the consumer’s post-experience review. Thus, the semi-parametric GWR
model supports both an interpretation of global factors’ influence on room price as well
as “spatial disaggregations of more familiar global statistics” (Fotheringham, 2009, p. 339).

The applied spatial hedonic model and study’s findings offer a novel analytical overview
on wine tourism’s dynamics by providing evidence that wine tourism’s development is
susceptible to the winescape’s aesthetic value induced by its core productive activity,
the wine filière, and dependent on land use constraints such as UNESCO’s classification.
Results suggest that there is a selective impact of the winescape’s aesthetic value on
lodging room prices, which is demonstrated through the landscape’s parameter estimates
higher influence over lodging establishments that are near these features.

As a result, this research delivers practical managerial contributions by providing a fra-
mework that can be used to steer tourism planning in wine region destinations, namely by
informing about the spatial varying aesthetic values of the winescape and further allowing
to predict the effect on the winescape’s touristic value of possible transformations in
nature-related attributes.

So, this research provides economic evidence that makes it possible to argue in favor of
the protection of the winescape’s aesthetic value based on its touristic significance, which
requires a systemic approach towards wine tourism destination planning and the need to
establish a policy benchmark which articulates both wine and tourism development
issues. Moreover, the spatial hedonic modeling gives an insight on prospective tourism
development through room price valuation based on the winescape’s aesthetic traits
effect, i.e. it offers a critical tool to interpret density patterns in areas where the winescape
has a significant and positive influence on room prices. This study also aids strategic man-
agerial decisions concerning room pricing policy and marketing, by allowing a visual insight
and understanding of the distance-decay effect which is dependent on the location and dis-
tance between lodging establishments as well as on fundamental factors such as the wine-
scape’s aesthetic value, the level of accessibility and site characteristics.
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Due to the predictive restrictions of cross-sectional data, this study does not capture the
longitudinal transitions of the winescape’s aesthetic impact on lodging room prices. Conse-
quently, future research should use time-varying effect modeling to attain a seasonal break-
down view of this model and examine dynamic shifts of the winescape’s aesthetic value.
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