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Abstract: Motorways are large infrastructures that alter the environmental resources in a territory,
while constituting an important element through which the individual comes into contact with the
landscape. Motorways are integrated in the landscape through their layout design and construction,
the aesthetic details of minor structures (design and building materials) and the treatment of
embankments and landscape planting. In this paper, we test the following hypotheses: motorway
elements are related to the perception of landscape quality—from the point of view of the road
users—and the aesthetic characteristics of minor infrastructures and planting affect the quality of the
landscape perceived from the roads. These research questions were tested by comparing the visual
quality of the landscapes captured in 128 photographs taken from sections of motorways in Spain.
We compared the results obtained from (a) a photo-based method, and (b) the public’s landscape
preferences determined using a survey of 737 people. The results show a correlation between the
landscape quality values obtained using the model and the landscape preferences expressed by the
public. We also found that the presence of the motorway elements and their aesthetic characteristics
are significant in the users’ perception. These results can be applied in the decision-making process
for potential investments to integrate new and existing motorways in the landscape.

Keywords: landscape aesthetics; visual quality; motorways; public preferences

1. Introduction

The visual connections people make with the environment are crucial in landscape planning and
management [1]. The importance of landscape management is due to its relevance as a natural resource
for nature conservation and recreation, and its heritage value. Visual landscapes are an intrinsic part
of the cultural perception of the environment and people’s attachment to the territory and their quality
of life [2,3]. Due to their aesthetic, recreation and heritage values, visual landscapes play a key role in
cultural ecosystem services—benefits provided by ecosystems that contribute to making human life
both possible and worth living [4,5]. The goal of landscape planning and management is to combine
ecosystem conservation and protection with maintaining visual landscape quality, as a reflection of
the ecosystem’s informative function, its environmental structure, and its role in satisfying people’s
needs and valuation of places [6,7]. The European Landscape Convention (ELC) [8] incorporates
the importance of the relationship between human perception and the environment in its definition
of landscape as “the territory perceived by people, whose character is the result of the action and
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interaction of natural and/or human factors”. The ELC envisages management and monitoring of
every part of the territory [9], and highlights the importance of outstanding as well as every day
landscapes [8]. The definition mentions the “character” of the landscape, which—according to [10]—is
“the presence, variety and arrangement of landscape features, which give a landscape a specific identity
and make it stand out from surrounding landscapes”.

Transport networks play different and crucial roles in landscape character and in the interaction
between people and the landscape. Large linear infrastructures such as motorways alter the territory’s
environmental resources, structure and functions. The effects of transport networks (together with
urbanization and globalization) are among the main forces driving the intense and irreversible changes
in landscapes and the emergence of new landscapes since the second half of the 20th century [11,12].
However, during this intense period of anthropization of the territory, roads have led to another way
of perceiving the environment. These transport routes increase the opportunities of access, but are also
a resource through which people come into contact with the landscape [13–15]. Due to the importance
of roads in everyday life, the assessment of landscapes seen from roads is an important part of the
landscape management.

The literature on landscape assessment is abundant and includes a wide range of methods. Among
them, approaches based on public perception have been used extensively in landscape assessment
studies, since they complement approaches based on experts’ opinions and are consistent with the
ELC [16–19]. Visual landscape quality is often assessed by assigning specific and easily identifiable and
valuable attributes or descriptor variables to the territory or scene using photographs as substitutes
for the landscape [20–22]. The literature contains various publications on landscape assessment
that focus on the relationship between landscape and roads [15], including the following notable
examples. Ref. [23] studied the descriptor variables used in scenic highway analysis, identifying four
variables—naturalness, vividness, variety and unity—that were common in state and federal highway
documents in the U.S. [24] reported that visual landscape quality in transport developments could be
quantitatively evaluated using the following physical attributes as variables: vegetation, views, relief,
land use, presence of water and flowers, and lack of maintenance. In the Mediterranean area, it is worth
mentioning the photo-based method proposed by [25], which includes the evaluation of 14 physical,
aesthetic and psychological landscape attributes in photographs. It has been demonstrated to be useful
in assessing landscapes seen from roads in several studies, and was used by [26] to capture the value of
the landscape along roads in Spain. Ref. [18] adapted the full method, taking into account four of the 14
descriptors to measure landscape quality from rural roads in Spain. Recently, Martín et al. [15] applied
it to assess landscapes seen from highways, combined with GIS indicators of landscape character.

However, there are fewer studies that consider the effects on the perception of landscape quality of
the aesthetic characteristics of the minor infrastructures of a road (such as overpasses and tunnels), and
the landscape integration measures carried out in the project and maintained throughout the operation
of the infrastructure (such as planting and embankment restoration) [27]. Few characteristics of road
design have been studied with regard to their empirical perception [14]. Ref. [13] demonstrated the
importance of road materials in the public’s perception of the landscape. Ref. [28] developed a model
to study the effects of specific landscaping treatments used in the design of transport infrastructures,
and concluded that efforts to minimize this impact, such as incorporating vegetation on the verges,
screening unattractive views, sound barriers, etc. have a positive effect on perceived landscape quality.
Ref. [29] studied whether ecologically treated slopes influenced the quality of the landscape perceived
by the users, while [30] reported that the presence of large trees in groves on road verges significantly
affects landscape perception and notably improves the appreciation of the landscapes seen from the
highway. Ref. [27] studied the effectiveness of a set of landscape integration measures frequently
recommended in road design manuals in determining the landscape quality perceived by the public
(motorways users).

In this paper, we test the following hypotheses: (1) landscape quality seen from Mediterranean
motorways can be measured using the photo-based method proposed by [25]; and (2) motorway
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elements affect the perception of landscape quality—from the point of view of the road users—and
the aesthetic characteristics of minor infrastructures and planting are relevant to the quality of the
landscape perceived from motorways. These research questions were tested by comparing the visual
landscape quality in photographs taken from sections of motorways in Spain. We compared the visual
landscape quality obtained using the photo-based method and the public’s landscape preferences
determined using a survey.

2. Data and Methods

The method involves evaluating the visual quality of the landscapes in 128 photographs taken
from motorways using a photo-based method [25]. The results are compared to the public’s preferences
for the same landscapes expressed in a survey of 737 people. Following the methodology in [31], a linear
regression is performed to analyse the model’s predictive capacity, and multiple linear regressions
are used to study the attributes with the greatest influence on public perception. The aesthetic
characteristics of motorway elements such as minor infrastructures, planting etc., are added to the
multiple linear regression model in the form of dummy variables in order to study their influence.

2.1. Evaluation of Visual Landscape Quality: Photo-Based Method

A photo-based method of assessing visual landscape quality was used to evaluate the landscape
shown in each photograph. This method is an adaptation of the one proposed by [32] to Mediterranean
landscapes [21], and was previously validated through surveys of experts and the general public [31].

The landscapes are sorted into different categories by assessing 14 factors in the photographs,
classified into physical, aesthetic, and psychological attributes:

• Physical attributes: water, form of the terrain, vegetation, snow, fauna, land use, views, cultural
resources and alterations.

• Aesthetic attributes: form, colour, texture.
• Psychological attributes: unity and expression.

Each attribute considered in the assessment has a specific numeric value. The final value of the
landscape quality in each photograph is established as the sum of the scores assigned to each attribute.
The score is set from 0 to 100 and the landscapes are classified as poor (<20), deficient (20–32), mediocre
(32–44), good (44–56), notable (56–68), very good (68–80) and excellent (>80). A complete description
of the method can be found in [25,33].

2.2. Survey of Landscape Preferences Expressed by the Public

The public’s landscape preferences are determined from data from a 2009 survey consisting of
five questionnaires (or series) containing 25 or 26 photos, taken from the point of view of a road user
(driver or passenger). Each respondent was shown a single series. All photographs were in colour,
with a resolution of 254 ppi and dimensions of 18 × 24 cm (2400 × 1800 pixels). The photographs in
the questionnaires were taken from an inventory of the landscapes observed from various Spanish
motorways taken between May and June 2009 (more information on the inventory is available in [27]).
The roads travelled and photographed during the photographic inventory are shown in Figure 1.

In the survey, done either on a website or face-to-face in motorway service areas, the respondents
were selected randomly and were asked to assess their preference for the landscapes shown on a scale
of 1 to 5 (1 = very poor; 5 = very good). They were shown a total of 128 photographs of landscapes that
can be seen from the motorways (divided in 5 sets), and answers were obtained from 737 people. The
initial simple size estimated for each series was 89 people. To obtain it, the simple random sampling
technique was used.

n0 =

(σ·z(1− α
2 )

d

)2

where:
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n0 is the sample size.
σ is the standard deviation, the σ value used to estimate the simple size was 0.48 [31].
d is the sampling error (0.1 was the value considered).
z(1 − α⁄2) is the value of the standard normal variable (1.98 with a confidence level α = 95%).
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2.3. Statistical Analysis

The goodness of fit of the model for predicting the respondents’ preferences was determined
using simple and multiple linear regressions. The proposed models explain the respondents’ average
score in each photo (dependent variable) based on assessments obtained with the photo-based method.
In all cases, contrasts are used on the model coefficients estimated (contrast of the t (α = 0.05)) to
determine whether the variables in the models are significant. In these contrasts, the null hypothesis is
that these coefficients are 0. To determine atypical values, the Grubbs test was used.

A diagnosis was performed on all the models by comparing the starting hypotheses of the
regression, namely that there was no autocorrelation between the residuals. This was done using the
Durbin-Watson statistic (DW) (α = 0.05).

The percentage of variability of the observer’s preferences that explains each model is expressed
using the R2 and adjusted for degrees of freedom R2 statistic, which is better suited to comparing
models with a different number of independent variables. The larger these statistics, the better the
respondents’ preferences explain the model.

The number of variables studied increases progressively in the proposed models as proposed
by [31].

2.3.1. Simple Linear Regression

The first regression model proposed is a simple linear regression where the dependent variable
is the mean score given by the respondents to each photograph, and the independent variable is the
result of the landscape value for each photograph obtained using the photo-based method. The model
is as follows:

Y = β0 + β1 X + U



Sustainability 2018, 10, 2592 5 of 13

where:

Y is the mean score for each photo in the survey.
X is the score obtained by applying the photo-based method.
β0 and β1 are the estimated coefficients in the regression model.
U is the random variation of the model.

2.3.2. Multiple Regression with Groups of Attributes

In this case, the physical, aesthetic and psychological attribute groups are considered as the
explanatory variables for the preference, and the independent variable is the result of the landscape
score for each photograph. The proposed model is therefore:

Y = β0 + β1 Physical + β2 Aesthetic + β3 Psychological + U

where:

Y is the mean score for each photo in the survey.
Physical, aesthetic and psychological are the assessments using the photo-based method, corresponding
to physical, aesthetic and psychological attribute groups respectively.
β0, β1, β2 and β3 are the estimated coefficients in the multiple regression model.
U is the vector for the random variation of the model.

2.3.3. Multiple Regression with Each Attribute Separately

A multiple regression model is also proposed, considering each attribute separately as
independent variables.

Y = XB + U

where

Y is the vector of the mean scores awarded to each photograph by the respondents.
X is the matrix of scores awarded by the photo-based method to each attribute.
B is the vector of the coefficients.
U is the vector for the random variation of the model.

2.3.4. Multiple Regression Considering the Motorway Elements

Finally, it was studied whether the presence of the road and its integration in the landscape—that
is, the aesthetic characteristics of the motorway elements and its minor infrastructures—influence the
perception of the landscape and could be included in the model.

This analysis was done using two dummy variables in the regression model described above
to represent three alternatives: (1) the road is present in the photograph; (2) the road is present and
defects can be identified in its integration in the landscape; and (3) the road is present and sufficient
efforts have been made to integrate it. The following variables were introduced in the model:

Xm

{
1, i f the motorway can be seen in the photograph, and is identi f ied as being poorly integrated

0, in all other cases

Xb

{
1, i f the motorway can be seen in the photograph, and is identi f ied as being well integrated

0, in all other cases

The photographs were classified according to the Xm and Xb variables following the study by [27],
which examined the efficacy of landscape integration measures on Spanish motorways in improving
landscape perception. It was considered that Xb is equal to 1, that is, there is good integration if
the photographs where the motorway is present show evidence of the actions present in the list in
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Table 1. If defects are detected in the integration of the road in the landscape in the photographs, Xm is
considered to be equal to 1. Some examples of these photographs are shown in Figure 2.

Table 1. Summary of effective landscape integration measures. Source: [27].

Embankments
Geographic correction of levels and slopes to adapt to the topography.

Revegetation treatments for embankments

Tunnels

Treatment of the tunnel mouth and design of the vault to adapt to the slope

Use of colours that blend with the landscape

Revegetation treatment for the tunnel mouth

Planting
(verges and

central reservation)

Concealment of elements that alter the landscape: vegetation screens.

Enhancement of the road landscaping features

Visual orientation of the layout and reduction of glare

Retaining walls
Concrete walls with different sections

Walls made from “natural” materials: gabions, jetties, etc.

Noise barriers

Prefabricated screens: transparent, opaque, prefabricated barriers and hillocks

Use of colours that blend with the landscape

Noise barriers in combination with planting

Overpasses and
walkways

Use of colours that blend with the landscape

“Light” designs, with pillars and beams that do not obscure the views as far as possible

Incorporation of vegetation to improve the motorway’s aesthetic quality

Search for designs with forms similar to those predominant in the area

Sustainability 2018, 10, x FOR PEER REVIEW  6 of 13 

 

improving landscape perception. It was considered that Xb is equal to 1, that is, there is good 
integration if the photographs where the motorway is present show evidence of the actions present 
in the list in Table 1. If defects are detected in the integration of the road in the landscape in the 
photographs, Xm is considered to be equal to 1. Some examples of these photographs are shown in 
Figure 2.  

Table 1. Summary of effective landscape integration measures. Source: [27]. 

Embankments 
Geographic correction of levels and slopes to adapt to the topography.  
Revegetation treatments for embankments 

Tunnels 
Treatment of the tunnel mouth and design of the vault to adapt to the slope 
Use of colours that blend with the landscape 
Revegetation treatment for the tunnel mouth 

Planting (verges and 
central reservation) 

Concealment of elements that alter the landscape: vegetation screens. 
Enhancement of the road landscaping features 
Visual orientation of the layout and reduction of glare 

Retaining walls 
Concrete walls with different sections 
Walls made from “natural” materials: gabions, jetties, etc. 

Noise barriers 

Prefabricated screens: transparent, opaque, prefabricated barriers and 
hillocks 
Use of colours that blend with the landscape 
Noise barriers in combination with planting 

Overpasses and 
walkways 

Use of colours that blend with the landscape 
“Light” designs, with pillars and beams that do not obscure the views as far 
as possible 
Incorporation of vegetation to improve the motorway’s aesthetic quality 
Search for designs with forms similar to those predominant in the area 

 

 

 

 

Figure 2. Cont.



Sustainability 2018, 10, 2592 7 of 13

Sustainability 2018, 10, x FOR PEER REVIEW  7 of 13 

 

  
Figure 2. Examples of the photographs included in the survey. On the left column defects of 
integration in landscape can be found, the value assigned to Xm in these photographs is 1. On the 
right column those defects are corrected according to the recommendation in Table 1, so the value 
assigned to Xb is 1. More information about the set of photographs used can be found in [27]. 

3. Results 

The scores obtained with the photo-based method and the mean score given by the respondents 
to each photograph are represented in two frequency histograms in Figure 3. In both graphics, 
landscape preference is represented in a 0–100 scale for a better interpretation. The photo-based 
method provides a more asymmetric left-skewed histogram, containing more photographs in the 
classes below 50 than the histogram that represents the score given by the public. This indicates that 
the landscape preference provided by the photo-based method is lower than preference revealed in 
the survey. Concerning the presence of outliers in the respondents’ average score, the Grubbs test 
discarded (p-value = 1). 

 
Figure 3. Frequency histograms of the landscape quality (0–100 scale) obtained using the photo-based 
method and the respondents’ mean scores in the survey. 

Regarding the models proposed, the first one is a simple linear regression where the dependent 
variable is the respondents’ average score in each photograph, and the independent variable is the 
result of the landscape score for each photograph obtained using the photo-based method.  

Table 2 shows the results of the contrasts on the estimated coefficients β0 and β1 in the model 
(contrast of the t). The p-value for both coefficients is less than 0.05, indicating that the null hypothesis 
is rejected; that is, that the coefficients are 0. There is therefore a statistically significant linear relation 
between the respondents’ preference and photo-based method, with a confidence level of at least 
95%. 
  

Figure 2. Examples of the photographs included in the survey. On the left column defects of integration
in landscape can be found, the value assigned to Xm in these photographs is 1. On the right column
those defects are corrected according to the recommendation in Table 1, so the value assigned to Xb is 1.
More information about the set of photographs used can be found in [27].

3. Results

The scores obtained with the photo-based method and the mean score given by the respondents
to each photograph are represented in two frequency histograms in Figure 3. In both graphics,
landscape preference is represented in a 0–100 scale for a better interpretation. The photo-based
method provides a more asymmetric left-skewed histogram, containing more photographs in the
classes below 50 than the histogram that represents the score given by the public. This indicates that
the landscape preference provided by the photo-based method is lower than preference revealed in
the survey. Concerning the presence of outliers in the respondents’ average score, the Grubbs test
discarded (p-value = 1).
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Figure 3. Frequency histograms of the landscape quality (0–100 scale) obtained using the photo-based
method and the respondents’ mean scores in the survey.

Regarding the models proposed, the first one is a simple linear regression where the dependent
variable is the respondents’ average score in each photograph, and the independent variable is the
result of the landscape score for each photograph obtained using the photo-based method.

Table 2 shows the results of the contrasts on the estimated coefficients β0 and β1 in the model
(contrast of the t). The p-value for both coefficients is less than 0.05, indicating that the null hypothesis
is rejected; that is, that the coefficients are 0. There is therefore a statistically significant linear relation
between the respondents’ preference and photo-based method, with a confidence level of at least 95%.
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Table 2. Results of the estimated linear regression model.

Parameter Estimate Standard Error t-Value p-Value

β0 13.21183 2.44798 5.397 0.0000

β1 0.86659 0.04991 17.364 0.0000

Correlation coefficient = 0.83980; Residual standard error: 9.965 on 126 degrees of freedom (d.f); R2: 0.7053, Adjusted
for d.f. R2: 0.7029; F-statistic: 301.5 on 1 and 126 DF, p-value: <2.2 × 10−16; DW = 1.8182, p-value = 0.1499.

The magnitude of the relation between the two variables, expressed through the R2 statistic,
indicates that the adjusted model explains 70.53% of the variability of the preferences expressed in the
survey. The correlation coefficient is 0.84, indicating a moderately strong relation between the variables.

The DW statistic was used to complete the analysis, which in this case discards the serial
autocorrelation in the residuals (with a confidence level of 95%).

Table 3 shows the result of the model considering the physical, aesthetic and psychological
attribute groups as explanatory variables for landscape quality preference.

Table 3. Results of the estimated model considering the physical, aesthetic and psychological attribute
groups as explanatory variables.

Parameter Estimate Standard Error t-Value p-Value

Constant β0 1.432095 0.108341 13.218 0.0000

Physical β1 0.040067 0.003404 11.772 0.0000

Aesthetic β2 0.026544 0.004545 5.84 0.0000

Psychological β3 0.037291 0.005517 6.759 0.0000

Residual standard error: 0.3948 on 124 degrees of freedom (d.f.); R2: 0.7155, Adjusted for d.f. R2: 0.7086; F-statistic:
103.9 on 3 and 124 d.f., p-value: < 2.2 × 10−16; DW = 1.805, p-value = 0.1255.

The three independent variables are statistically significant based on the contrasts for the estimated
coefficients in the model, with a confidence level of 95%.

The R2 statistic indicates that the model adjusted in this way explains 71.55% of the variability
of the preferences expressed in the survey. The R2 adjusted for d.f. statistic, the most suitable
for comparing models with a different number of independent variables, is 70.86%. The DW
statistic confirms that there is no indication of serial autocorrelation in the residuals, with a 95%
confidence level.

The R2 values obtained are slightly greater than in the simple linear regression (Table 2). The
variability of the preference is best explained by considering the physical, aesthetic and psychological
attributes separately than considering the final result of the model as the sole independent variable.
The weight given by the regression model to each group of attributes (coefficients β) is very similar for
the physical and psychological attributes (0.040 and 0.037, respectively). The value of the estimated
coefficient for the aesthetic attributes is lower, so their weight in the estimation of the preference is
somewhat less.

Thirdly, a multiple regression model is proposed considering each attribute separately as
independent variables. The result is shown in Table 4. There is a statistically significant relation
between the independent and dependent variables, with a 95% confidence level. The fit is even better
than in the previous case, as the value of the adjusted R2 statistic increases to 77.42%. This implies that
the attributes-based model better fits the structure of the individuals’ preference if each variable is
analysed separately. The result of the analysis of residuals is a p-value in the DW statistic of over 0.05,
so no serial autocorrelation can be detected in the residuals, with a 95% confidence level.

However, the examination of each variable reveals that the results of the contrasts on the estimated
coefficients β in the models indicate that three of these variables could be eliminated from the regression
model. The result of the contrast gives a number over 0.05 as a p-value, so the hypothesis that they are



Sustainability 2018, 10, 2592 9 of 13

different from 0 can be rejected (α = 0.05). These attributes are views, form and unity, corresponding to
the physical, aesthetic and psychological groups, respectively.

Table 4. Results of the estimated model considering each attribute separately as explanatory variables
for the preference. Bolded texts indicate p-values higher than 0.05.

Parameter Estimate Standard Error t-Value p-Value

Constant β0 1.985620 0.170505 11.645 0.0000

Water β1 0.034057 0.012028 2.832 0.0055

Landform β2 0.037026 0.012805 2.892 0.0046

Vegetation β3 0.024411 0.008999 2.713 0.0077

Snow β4 0.074602 0.025454 2.931 0.0041

land uses β5 0.033975 0.006535 5.199 0.0000

Fauna β6 0.108313 0.053909 2.009 0.0469

Views β7 −0.004720 0.012384 −0.381 0.7038

Cultural resources β8 0.098051 0.022681 4.323 0.0000

Alterations β9 0.058132 0.010519 5.527 0.0000

Form β10 0.026454 0.014535 1.820 0.0714

Colour β11 0.016873 0.007542 2.237 0.0272

Texture β12 0.023618 0.009084 2.600 0.0106

Unity β13 0.007529 0.009492 0.793 0.4293

Expression β14 0.047288 0.007597 6.225 0.0000

Residual standard error: 0.3475 on 113 degrees of freedom (d.f.); R2: 0.7991, Adjusted for d.f. R2: 0.7742; F-statistic:
32.11 on 14 and 113 d.f., p-value: < 2.2 × 10−16; DW = 1.8563, p-value = 0.1824.

The results of the three regressions showed that the photo-based method is a good predictor of
the preferences selected, at least with the photographs used in the survey.

Finally, it was studied whether the presence of the road could have a notable influence on
landscape perception and whether landscape integration—that is, the management of the operation and
conservation of the motorway and the integration efforts made during the project—would influence
landscape perception and could be included in the model.

When each separate variable and the dummy variables are taken as the independent variables,
the result of the regression model (Table 5) is better than when the attribute groups are considered
separately. This improvement can be expressed again in terms of the adjusted R2 adjusted for d.f.
which goes from 77.42% (Table 4) to 80.58%. The coefficients of the variables Xm and Xb are significant
and indicate that the presence of the motorway and the lack of integration measures may represent
a deterioration in observers’ perception of landscape quality, which is reflected in the negative sign
of the estimated β coefficients. It is also worth noting that these two coefficients are of a greater
magnitude than all the others, and therefore have a significant weight in the perception of landscape
quality. Xm also has a greater absolute value than Xb, so the presence of the road with poorly integrated
elements causes a greater decline in the quality perceived by the observers than the presence of the
road with good integration practices.

However, not all the variables used in this model were ultimately significant. The variables
corresponding to the attributes for fauna, views, form and unity, as the p-value for each one is greater
than or equal to 0.05, are not statistically significant, with a confidence level of 95% or greater, so it
may therefore be advisable to eliminate them from the model.
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Table 5. Results of the estimated model considering each attribute separately and the presence of the
road as explanatory values for the preference. Bolded texts indicate p-values higher than 0.05.

Parameter Estimate Standard Error t-Value p-Value

Constant β0 2.247229 0.169771 13.237 0.0000

Water β1 0.024347 0.011361 2.143 0.03431

Landform β2 0.037553 0.011879 3.161 0.00203

Vegetation β3 0.026058 0.008356 3.119 0.00232

Snow β4 0.053794 0.024083 2.234 0.02751

land uses β5 0.045427 0.006571 6.913 0.0000

Fauna β6 0.032490 0.053031 0.613 0.54135

Views β7 −0.008100 0.011588 −0.699 0.48602

Cultural resources β8 0.082544 0.021375 3.862 0.00019

Alterations β9 0.051663 0.009925 5.205 0.0000

Form β10 0.021448 0.013562 1.581 0.11662

Colour β11 0.022563 0.007232 3.12 0.00231

Texture β12 0.020441 0.008523 2.398 0.01814

Unity β13 0.002355 0.008884 0.265 0.79141

Expression β14 0.03159 0.007925 3.986 0.00012

Xm β15 −0.461266 0.106851 −4.317 0.0000

Xb β16 −0.392413 0.096719 −4.057 0.0000

Residual standard error: 0.3223 on 111 degrees of freedom (d.f.); R2: 0.8302, Adjusted for d.f. R2: 0.8058; F-statistic:
33.93 on 16 and 111 d.f., p-value: < 2.2 × 10−16; DW = 1.9013, p-value = 0.2495.

4. Discussion and Conclusions

The first aim of this paper was to investigate the perception of landscape quality as seen from
Mediterranean motorways using a photo-based method [25]. The analysis was done by applying
simple linear and multiple regression to compare visual landscape quality in 128 photographs using
the photo-based method, and the public’s landscape preferences determined using a survey of the same
set of photographs. The results provide evidence that the overall score assigned to each photograph by
the photo-based model is a good estimator of the public’s preference (at least for the photographs used).
The predictive power of the method—in terms of the adjusted coefficients of determination—was
stronger when the model used groups of attributes and attribute scores. Despite having the highest
coefficient of determination, the regression with attributes reveals three non-significant attributes that
could be eliminated from the model: views, form, and unity.

These results are compatible with the importance of physical attributes when making a
quantitative evaluation of visual landscape quality, as reported by [24]. In fact, physical attributes have
the highest coefficient when modelling with the three attribute groups, and eight out of nine physical
attributes are significant in the model. However, this analysis also reports evidence of the significance
of aesthetic and psychological attributes.

This is in contrast with some the results of [31], who performed a similar analysis using
48 photographs of landscapes and a survey of 183 people. They found that the predictive power of
the regression model was stronger when using attributes, but not when using groups of attributes.
They also found that landforms, fauna and views could be eliminated from the model. The reason
for these differences may be due to the set of photographs used in this study, which show landscapes
seen from Spanish motorways, not scenic views. However, vegetation, land use and texture are
significant in both studies. These attributes were used in a simplified model for the particular case of
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landscapes seen from rural roads proposed by [21]. Further investigation could focus on simplifying
the photo-based method.

The second objective of this paper was to investigate whether the motorway elements and the
aesthetic characteristics of minor infrastructures and planting affect landscape quality as perceived
from motorways. The analysis involved adding two dummy variables to the multiple regression with
attributes that represent the presence of the road in the photographs, distinguishing between good
and bad landscape integration practices, as identified in the work of [27]. The results show that the
adjusted coefficient of determination was stronger than in the previous model, indicating that the
last regression model proposed explains public perception better than the model adapted from the
scores obtained for the attributes in the photo-based method alone. These two variables are negatively
associated with the landscape preference expressed by the public. The coefficients of the dummy
variables resulted in the highest association with public perception of all the variables. This result
indicates that the presence of the highway with poorly integrated elements causes a greater decline in
the quality perceived by the observers than the presence of the road with good integration practices.
The high negative association of the variable representing poor landscape integration highlights
the importance of motorway elements and the aesthetic characteristics of minor infrastructures and
planting in landscape perception, as also concluded by [27]. It is important to highlight that the
landscape integration measures summarized in Table 1 are general design recommendations that
should provide aesthetically appealing outcomes, while maintaining and even enhancing the safety
and functionality of the infrastructures [34]. For example, road legibility can be reinforced by adequate
planting in the verge and central reservation, which also contributes to reduce glare [34,35]. The use of
colours that blend with the landscape should never interfere with the drivers’ visibility of the roadway
and infrastructure elements and every intervention should respect the traffic signing.

The results of this work may help to address aesthetical aspects in road planning praxis, which has
become a valued issue in the last decades [14] and can be applied in the decision-making process for
potential investments to integrate new and existing motorways in the landscape. However, this study
has limitations that open up new opportunities for further research. The results of this study are limited
to the particular characteristics of the landscapes in the photographs shown. Differences between
population groups and types of landscape integration measures were not studied. More detailed
studies on these topics may be useful for landscape management. Furthermore, this study is restricted
to the cross-sectional data collected in the survey. A new longitudinal study that takes this one as base
could add valuable results to the literature on landscape change and its relationship with roads.

Another limitation that points to further research is the set of variables included in the model.
New approaches may consider not only the presence of the road and its integration measures—in
addition to the attributes proposed by [25]—but also other important aspects of the territory, such as
different landscape types, unique landscape features, endangered or vulnerable environmental
characteristics, among others.

Additionally, other authors have discussed that photographs may sometimes poorly represent the
scenic quality of the landscape due to the difficulty of providing a representative photo sample and
their limitations when capturing potential views [15,17]. Further work may complete the assessment of
visual landscape using driving simulators as substitutes for photograph surveys to study experiences of
landscape [36,37], or new data sources, such as crowd-sourced (social media) photo data [38]. The use
of the proposed photo-based approach has the advantage of incorporating the user’s perception from
the motorway. It is a contribution that can be used in the study of everyday landscapes as cultural
ecosystem services. However, landscape structure and character cannot be assessed using this type of
data, which is limited to a local scale. GIS map-based indicators may be applied to complement this
analysis, incorporating landscape character in the evaluation [10,17,39], and assessing whether the
motorway conveys the character of the landscape of which it forms part [15].
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