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Abstract: The perception of apparent sizes of buildings in a rural environment depends on the
height ratio between the building and its surrounding vegetation, and it is this parameter which is
currently used to assess the built landscapes. The impact of a contrasting height is less strong if the
building does not exceed the horizon line. For buildings overshooting the skyline, the building’s
level of sharpness and number of lines in contrast to the sky determines the impact of the scales, and
vegetation in the background helps to reduce impact. The specific objectives of the present study
were: (1) finding height–ratio thresholds between building and background vegetation, which may
improve the integration of rural buildings in sky-sensitive locations, and; (2) comparing the results in
two rural contexts with very different climatic conditions: Spain and Sweden. A survey of eighteen
scenarios (nine Spanish and nine Swedish), all digitally modified with different relative height ratios
between vegetation and buildings, was performed. The survey was evaluated by the public from
both countries. Regardless of the country of origin, integration of the building was good or very good
when the vegetation in background did not exceed one half of the height of the construction. These
results may be translated to technical criteria for planning assessment.
Keywords: landscape; buildings; vegetation screens; visual impact

1. Introduction
1.1. The Role of Vegetation in Modern Society
The use of vegetation in human settings improves some relevant and quantifiable environmental
factors, such as air quality, energy saving, hygrothermal comfort, reduction of noise pollution, and
control of erosion and storm floods [1–6]. Biodiversity of urban cores benefits from the establishment
of wild flora and fauna in green areas [7–9], and vegetation screens hide annoying landscapes or
shocking views [10–12]. Further economic, social, medical, psychological, and aesthetic benefits of
vegetation have also been reported [13–17].
In addition, gardening offers many options for creating spaces, which render buildings more
comfortable and aesthetically pleasant [18–22]. In countries which enjoy extended periods of sunlight
and high temperatures in summertime, vegetation is often used for complementing the design of
bioclimatic homes [23–25]. A 10 to 15% reduction in winter heating costs due to tree windbreaks, and
a 20 to 50% reduction in summer cooling costs due to shade and cooling via evapotranspiration, have
also been reported [26].
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1.2. Visual Impact Assessment of Human Activities into the Landscape
A Visual Impact Assessment (VIA) [27] can be achieved by way of grouping into the following
two main categories [28]. Formal aesthetic methods estimate the beauty of the landscape by describing
and analyzing physical or aesthetic components of it [29–33]. However, they do not take into
consideration subjective psychological components which can also affect landscape interpretation [34].
Public preference methods measure the reaction of different observers to a series of visual proposals,
either by collecting opinions among experts or by performing public opinion surveys [35–39].
Nevertheless, impact magnitudes are not quantitatively defined by these methods. A combination of
these two methodological approaches (i.e., formal aesthetic studies subsequently validated by public
preference surveys) was proposed in the past [28], and results from using such components or hybrid
methods are available in the recent literature [40–43]. The performance of quantitative VIA requires
the definition of visual thresholds that could be used as reference values for both the design and the
evaluation of projects [44]. Current planning policies are impaired by the lack of these thresholds,
whereas its availability would provide scientifically sound, reproducible, and objective criteria for
evaluating the visual impact of human activities on the environment [45].
1.3. The Role of Vegetation in VIA of Buildings
Vegetation plays an important role in reducing the visual impact of buildings on the
landscape [46,47], though quantitative studies on this issue are scarce [12,48,49]. Reducing such an
impact for buildings of large relative scales requires more attention to be paid to both scene occupation
and scale contrast, which strongly influence visual acceptance [50,51]. Vegetation screens placed before,
behind, or around a building can improve the visual relation between the building and its setting,
and this is achieved either by filtering visual elements from the own building, such as lines, forms,
and scene occupation (foreground planes), or by softening the relative scale of the building when
comparing its height with surrounding vegetation (beside and background planes) [49,52,53].
A few studies have analyzed the impact of vegetation screens in decreasing scene occupation by
filtering the building in the foreground [50,54,55]. These studies found that the higher the occupation,
the greater the role of the building, and have also found that vegetation could even reduce the
building’s occupation of the scene. In regard to scale contrast, the distribution of element sizes making
up the setting generated noteworthy visual discrepancies in another study [51]. This contrast of scales,
or scale ratio, must be considered for the VIA of buildings. The height ratio had, in addition, a stronger
visual effect than the width ratio on the visual appeal of the building’s scale [56,57]. However, none of
these studies were performed in rural areas, and none of them had considered the vegetation’s height.
Thus, further studies quantifying the relationship between the height of buildings and the dominant
vegetation in VIA are required.
The impact of a contrasting height is stronger if the building exceeds the horizon line [58,59].
Buildings overshooting the horizon line become more perceptible, since the sharpness in the boundary
lines between the building and the background (sky) becomes stronger. The larger the proportion
of the building contrasting with the sky, the higher the visual impact, and the use of vegetation in
the background can reduce it. The presence of vegetation is enough to harmonize the scene without
concealing the building, and can be achieved simply by using staggered plant screens [60]. This softens
the contrast derived from the building scale by incorporating new reference heights in the background
from both sides of the building [49].
Finally, cultural factors may influence landscape interpretation, and local peculiarities in regard
to affective links with vegetation can determine perception [61–63].
1.4. Goals
The main objective of the present study was to contribute to a better understanding of the visual
impact of buildings in rural settings on the single basis of the use of vegetation. The study focused
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on the visual behaviour of vegetation screens on the buildings’ background planes, and included
two specific objectives: (1) to analyze height–ratio thresholds between buildings and vegetation in
background, which would help to improve the integration of rural buildings in sky-sensitive locations;
and (2) to compare the results obtained in two rural contexts with very different landscape and cultural
conditions: Spain (Mediterranean basin) and Sweden (Boreal basin).
2. Materials and Methods
2.1. Experimental Areas of Study
The study was performed using tree vegetation and buildings characteristic of two rural areas
from Spain and Sweden: Ambroz Valley, in the north of Cáceres (Spain) (Figure 1a); and the region of
Norrland, in the north of Sweden (Figure 1b). Both regions present similar characteristics in regard to
population aging, natural value, and opportunities for changing the economic model from primary
activities to tourism services [64,65].

Figure 1. Location of experimental areas: (a) Spanish pilot area; (b) Swedish pilot area.

2.1.1. Spanish Pilot Area

•

Physical environment:

Ambroz Valley enjoys a large natural diversity due to its wide range in altitude (400–2100 m).
This provides optimum growing conditions for sustainable mature woodland, from high mountain
and Atlantic woodland (Sweet chestnut (Castanea sativa), Pyrenean oak (Quercus pyrenaica), Holm oak
(Ilex aquifolium), and yew (Taxus baccata)) to Mediterranean woodland, comprising of holm oak and old
cork oak woods, areas under crops, and irrigated flat-bottomed valleys.

•

Built environment:

The traditional mountain Mediterranean house represents the dominant architectural style in
the pilot area [66]. The two main examples of this style are stoned and half-timbered homes, which
are generally two storeys with a gabled roof [67]. Wood framing has traditionally been destined to
the construction of the upper floors away from moisture and xylophages, using the lower floor’s
masonry as the mainstay of the entire building. Framing is limed in some homes and is visible in
others. New construction in rural areas tend to imitate these stiles, where the presence of stone and
wood is generally accepted (Figure 2b).
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2.1.2. Swedish Pilot Area

•

Physical environment:

The vegetation of Norrland results from the dominance of mixed transitional woodlands giving
way to taiga. These require a milder climate and soil that remains unfrozen for most of the year, always
accompanied by undergrowth of grasses, ferns and moss. The dominant tree species are Sessile oak
(Quercus petraea) on its northernmost boundary, and Norway spruce (Picea abies) at its southern limit,
both intermixed with Scots pine (Pinus sylvestris) in the driest areas.

•

Built environment:

The traditional Swedish rural home is also a two-storey building with occasional wood cladding
on the façades. Several colors of façade are used, although white and red are the most common [68,69].
Falu (or falun) red is a dye that is still used to paint the walls a deep red, and is well-known in the
countryside and rural areas for its use on wooden cottages and barns. The gabled roof of Swedish
buildings presents a larger angle of inclination than Spanish houses due to extreme winter climatic
conditions (Figure 2a).

Figure 2. Examples of typical buildings: (a) Swedish pilot area; (b) Spanish pilot area.

2.1.3. Photo Capture and Case Selection
A field search of rural buildings in woodlands’ natural masses was conducted in both study areas.
Potential cases from this fieldwork were selected for designing a public poll. The objective was to
select buildings in the natural rural environments where the methodology of this research could be
applied, and these were isolated rural houses with enough surrounding tree vegetation to allow digital
modification in different height ratios.
Additional criteria were as follows:

•
•
•

•
•

Selection of the most representative vegetation and building combinations in both experimental
areas, which complied with physical and built descriptions above.
Optimal visibility and access for image capturing. Dense urban cores were avoided.
Image capturing where the buildings filled some 30–50% of the image. This condition guaranteed
full visibility of buildings as well as an acceptable amount of the surrounding landscape [10],
allowing building scenes to be comparable with their most immediate setting (Figure 2a,b).
Buildings set in sky-sensitive locations: i.e., overshooting the skyline, or close to it.
Images captured in the sunny days of spring and early summer. Negative conditions such as rain,
excessive cloudiness, fog, or midday sunlight were avoided [70,71].

Finally, each building and vegetation element inventoried was measured using the VERTEX Laser
Hypsometer (height of building, height of adjacent vegetation). UTM coordinates were also taken for
recording all cases in a Geographic Information System database.
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2.2. Visual Stimuli and Experimental Design of the Survey
Following the criteria laid down above, six scenarios were selected—three from Spain, and three
from Sweden. This small sample size has been previously validated [53]. The rule of the golden section
in regard to position of the horizon was ever complimented, since the horizon line was never placed in
the lower third of the photograph (Figure 3) [72].
Three simulations were prepared from each original scenario by means of computer image
treatment with Adobe Photoshop CS6® software [73]. Eighteen scenarios were obtained in total for
evaluating visual stimuli (Figure 3), and they were modified by varying the height of the vegetation
behind the building. The process never modified the building in the original picture, and the objective
was to change the sharpness of the lines of the building against the skyline by changing the vegetation
in the background. Changes in the colour of the sky, which is otherwise mutable by itself, have
previously proved irrelevant [49] and were not performed.

Figure 3. Cont.
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Figure 3. Mosaic of the eighteen scenarios submitted to survey in both countries. 1 to 3: Swedish cases.
4 to 6: Spanish cases.

The diverse vegetation vs. building height ranges of modification were laid out according to the
Weber-Fechner Law (WFL) [56]. WFL describes the relationship between the magnitude of a physical
stimulus and its perceived intensity, and is considered to be an important principle in psychophysics.
According to this principle, the sensory system is able to notice differences as soon as the basic physical
stimulus changes for more than a constant proportion of its actual magnitude [74–76].
An expert panel, constituted by landscape architects, planners, geographers, and ecologists,
performed a prior evaluation of different height ratios according to the WFL. Ratios of about 50% were
found to render significant changes, and the following were selected for the study on the basis of it
(Figure 3):
1)
2)
3)

The vegetation did not exceed the height of the building’s eaves (A);
The vegetation exceeded 0% to 50% of the building’s height (B);
The vegetation exceeded 100% of the building’s height (C).

2.3. Measurement of the Height Ratio
Photographic resolution of the digital analysis fell into the range of 100 to 150 dpi. For pictures
10 × 15 in size, the number of pixels corresponding to these resolutions ranged from 393 × 591 to
591 × 886 pixels. These proportions were suitable for comparing the building with the surroundings
and for appreciating details in the building [53]. The total height of buildings, and height ratios in
relation to vegetation, were measured in terms of pixels by Adobe Photoshop CS6® [73].
2.4. Survey Procedure
A survey with the eighteen scenarios was performed for testing people’s preferences in relation
to height–ratio thresholds between the building and background vegetation (Figure 3). There was an
adequate number of pictures per interviewee for keeping a correct visual attention until the end of
the questionnaire, and for achieving consistent results [37,77–80]. Images were shown at random to
the respondents in a face-to-face interview [81–85], and a member of the research group was always
present during each poll [84].
Every interviewee was requested to complete a questionnaire, which consisted of two parts.
The first part collected demographic and educational data from the participant (gender, age, country
of origin, and educational background). The second part involved evaluation of the image sets, posing
a question for each scenario, such as: “How would you rate the integration of the building in this scene?”
Response options were arranged on a semantic scale according to the five-point Likert test, from very
bad = 1, to very good = 5. A bipolar rating scale was selected from previous research, since semantic
differential scales have already been successfully used to measure visual preferences [86]. Though
scales with more intervals can be used [87], they have not been proven to help participants improve
their evaluation [84].
Surveys were carried out in Spanish and in English.
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2.5. Participants
Seventy-six individuals participated in the survey. Forty-four were students from Extremadura
University of Spain and 32 from Gävle University of Sweden. The majority of Spanish participants (32)
were less than 26 years old, of whom 25 were men and 17 were women. All students from Sweden
were young in age, and 18 were men and 15 were women.
2.6. Statistical Analysis
Students’ valuations of each scenario was the dependent variable in this study. The mean value
of this variable (onward: Rating Average (RA)) was calculated for each photograph, since its ordinal
character from 1 to 5 allowed a continuous analysis of it [88]. Height–ratio between vegetation and
buildings (HR) (cases A, B, or C, Figure 3), and the country of origin of the respondent (CO), were the
independent variables (factors) considered in the analysis. Mean preference ratings were analyzed
by using a two-way Analysis of Variance (ANOVA) factorial design: 2 (CO) × 3 (HR). The latter
variable had a repeated measures analysis within subjects, and CO data comprised the analysis
between subjects.
A posteriori pair-comparison of mean values per level of a factor (CO or HR) were performed
by the Bonferroni test at a significance level of p ≤ 0.05 (post-hoc statistics). Two tests were made for
comparing averages of scores per level of HR: one for Spanish respondents, and another for Swedish
respondents. Additionally, post-hoc analysis was made comparing averages of scores per CO of the
respondents by grouping responses according to their function at the HR level. Thus, three tests were
performed in total—one per group of cases A, B, or C.
In statistics, the effect size is a measure of the strength of a phenomenon. The Cohen’s d index
was also used in the statistical analysis of the results of the study, which estimated the effect size of the
differences found between two levels of a factor (e.g., HR). Thus, we thought it may be able to indicate
whether two scenarios were significantly different from each other, and by how much [89]. Moreover,
this eventual effect can be numerically comparable with results from other studies by using the d index
“d”. For Cohen’s d, an effect size up to 0.2 might be considered a “small” effect, around 0.5 a “medium”
effect, and 0.8 to infinity a “large” effect; d > 0.2 is accepted as being a good threshold for distinguishing
significant differences from non-significant ones in environmental visual assessments [90].
The sample size (n = 76) was assumed to be good enough for this study as it was at least able
to detect effect sizes over 0.2 at significant thresholds of power analysis [(0.75 = 1 − β; β = 0.25);
α = 0.05] [91].
All statistical analyses was carried out using the software SPSS 19® [92].
3. Results
3.1. Preliminary Results of ANOVA
The ANOVA analysis yielded a significant effect of CO on the dependent variable RA (Table 1).
HR variation also had a significant influence on RA (responses from participants differed significantly
in function of the HR level) (A to C, Figure 3). In addition, there was some interaction between HR and
CO factors (HR was not assessed in the same levels by Spanish and Swedish respondents) (Table 2).
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Table 1. ANOVA analysis of between-subject effects in regard to the country of origin of the
respondent (CO).
Test of Between-Subject Effects
Source

Type III Sum of Squares (SS)

df

Mean Square (MS)

F

Factor: CO
Error: (E) (*)

11.823
194.396 (SSE)

1
74

11.823
2.627 (MSE)

4.500

1

Sig.

0.037

d (Cohen) 2
0.493

1

Significance level was set at 0.05. CO presented significant effects (alpha < 0.05) on the dependent variable (RA).
Cohen’s d > 0.2 indicates that these differences are visually important. (*) SSE (Sum of Squared Errors) represents
the amount of variance of the dependent variable which cannot be explained by the factor analyzed, and measures
the discrepancy between observed and estimated data. Mean Square Error (MSE) measures the average of these
deviations. The lesser MSE is respect to the mean squares of the factor analyzed, and the more significant are the
differences among the average of the dependent variable per level of factor (null hypothesis rejected).
2

Table 2. ANOVA analysis of within-subject effects in regard to height–ratio between vegetation and
buildings (HR) and HR–CO interactions.
Test of Within-Subject Effects
1

d (Cohen) 2

Source

Type III Sum of Squares (SS)

df

Mean Square (MS)

F

Factor: HR
Interaction:
HR-CO
Error: (E) (*)

60.572

2

30.286

20.705

1.18 × 10−8

1.058

14.944

10−6

0.899

43.719

2

21.859

216.486 (SSE)

148

1.463 (MSE)

Sig.

1.23 ×

1

Significant differences (alpha < 0.01) were found for Rating Averages in function of HR variations and for its
interaction with CO. 2 Cohen’s d > 0.2 indicates that these differences are visually important. (*) See Table 1 legend
for explanation.

3.2. Rating of Images
The influence of HR on participants’ evaluations was also analyzed separately within each group
of origin. Univariate analysis revealed significant differences for RA values in function of the HR level,
and showed a strong effect size in both samples (Spanish group: F(2, 784) = 3.829, p < 0.022, d = 0.2;
Swedish group: F(2, 568) = 47.899, p < 0.001, d = 0.82).
3.2.1. Spanish Preferences
Spanish participants considered on average that vegetation height exceeding 0 to 50% of building
height (cases B of HR, Figure 3) provided the most integrated solution for the building, although
the differences were statistically significant just in comparison to cases A. Images with vegetation
exceeding over 100% of the building height (cases C of HR, Figure 3) were rated at the middle of the
scale and did not render statistically significant differences in pairwise comparisons with cases A or B
(Figure 4).
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Figure 4. Rating Average (RA) values per HR variation between building and background vegetation
(levels A to C) found among Spanish participants. Different letters indicate significant differences;
identical letters indicate similarity (Bonferroni Test; univariate analysis in direction of red arrows:
(F(2, 784) = 3.829, p < 0.022, d = 0.2).

3.2.2. Swedish Preferences
RA values from Swedish participants displayed the same pattern observed among the Spaniards
in regard to HR, with vegetation height exceeding 0 to 50% of the building height (cases B of HR,
Figure 3) obtaining the highest score. Differences in this case were statistically significant just in
comparison with cases C. Vegetation exceeding the building height over 100% (cases C of HR, Figure 3)
displayed the lowest value on the rating scale, and the difference was statistically significant in pairwise
comparisons with both cases A and B (Figure 5). Images A and B rendered comparable values in terms
of statistics, though a weak upward trend to scoring better images B was appreciated.

Figure 5. RA values per HR variation between building and background vegetation (levels A to C)
found among Swedish participants. Different letters indicate significant differences; identical letters
indicate similarity (Bonferroni Test; univariate analysis in direction of red arrows: F(2, 568) = 47.899,
p < 0.001, d = 0.82).
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3.3. Conjoint Analysis
Figure 6 shows a comparison between the RA values obtained in regard to CO among Swedish
and Spanish participants. A significant interaction between CO and HR influencing the RA of the
images was observed, and was of special significance for level C of HR variation. This effect was
already found in the MANOVA analysis (Table 2).

Figure 6. Comparison of RA values per HR (levels A to C) obtained from the Swedish and the
Spanish participants. Different letters indicate significant differences; identical letters indicate similarity
(Bonferroni Test; univariate analysis in direction of red arrows: Level A’s comparison: F(1, 74) = 15.441,
p < 0.001, d = 0.92; Level B’s comparison: F(1, 74) = 12.007, p < 0.001, d = 0.81; Level C’s comparison:
F(1, 74) = 4.722, p < 0.033, d = 0.51).

Univariate analysis of the paired-cases comparison (Bonferroni test) was also performed, and
revealed that both samples showed a similar pattern of responses up to level B of HR. Swedish RA
values were, however, significantly higher than the Spanish ones (arrows in red, levels A and B). After
reaching a maximum score at level B, both graphics went down at level C of HR, where the fall was
worst for the Swedish group. The interaction found in the responses (Table 2) was therefore drawn at
this level, indicating that the highest HR variation of vegetation was much worse among the Swedish
participants than the Spaniards.
4. Discussion
4.1. Contribution of the Study
Growing awareness of the recreational potential of rural areas, coinciding with urban sprawl
in the late 20th century and with the improvement of communications, has promoted recent human
movement from urban to rural areas [93]. Consequently, many such areas in Europe are experiencing a
disordered increase in the building of second-residence houses, which is quite often discordant with
the local landscape [94,95]. Sweden and Spain share an intermediate place in terms of urban pressure
on rural areas in comparison with countries from Central and Eastern Europe, and this circumstance
made them suitable for the purpose of the investigation and justified their selection. On the other hand,
their disparities in regard to their natural environment and human culture also made them appropriate
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for achieving the second objective of the study. No studies analyzing HR variations between buildings
and their natural background elements or surroundings, and its effect on visual appeal, have been
published to date. Therefore, the research approach of the present study can be considered original
and innovative.
Although some authors question the validity of the photographic method for landscape
assessment research and express doubts as to whether a photo can represent a complex scene or whether
it can reliably evaluate attributes in the studio which are not perceptible via photos, such as sound,
smell, and shades of color [96], most research vouches for the effectiveness of this technique [72,97–99].
In addition, infographic simulation starting from a photographed scene allows the comparison and
evaluation of different scenarios [48,100–105]. Therefore, the experimental approach used in the
present investigation can be defended as being valid and suitable.
Extreme levels of HR (A and C) rendered comparable statistical patterns of response among
the Spanish participants, and intermediated levels (B) recorded the best RA values, also leading to
significantly better results than the absence of vegetation in the background planes of the building. Such
a solution seems, therefore, adequate for buildings overshooting the skyline in Spanish landscapes.
On the other hand, images with vegetation exceeding more than 100% of the building height (C)
obtained the worst RA value in the Swedish sample, which was significantly worse than those from
both A and B image sets. This alternative should, therefore, be avoided for buildings overshooting the
skyline in Swedish landscapes.
In spite of the interaction found between CO and HR variables, RA values followed in both
CO samples showed a tendency to draw an inverted U-shaped curve reaching a maximum at
intermediate HR values. Previous studies have found a significant correspondence between the
degree of complexity of a facade in terms of materials or ornaments (independent factor) from absence
to full coverage, and the preferences of the observers (dependent variable). All of them also registered
a positive linear correspondence just up to a certain threshold, identifying too an inverted U-shaped
correspondence [106,107]. A maximum threshold-point in the degree of variation of a factor, above
which visual acceptance decreased in all cases, was ever found. In regard to height ratios, other studies
suggested that the more contrasting the height of the building was with its surroundings, the worse
was its visual acceptance. Using a sample of about 30 university students, Nasar and Stamps [56]
investigated the visual effect of increasing building heights in relation to neighbor buildings in urban
contexts, and concluded that an increment of 75% resulted in a sharp decrease of RA values of
acceptance. Highly-contrasted scales in landscape planning have also been found unsuitable for a
good visual integration, especially when the building height exceeded the horizon [52,53,59,108].
The present investigation contributes, therefore, to improving the knowledge on landscape
planning by searching for a pattern or trend of visual responses to increments of a variable, which in
this case is the height of the vegetation set in the background of a building. Like for other kinds of
variables [56,107], an inverted U-shaped relationship between people’s preferences and vegetation
height–ratio increments was found. Vegetation may improve the integration of buildings into the
landscape [49,50,52], and the present study provides, for the first time, a quantization of this effect
which may be used fruitfully in planning activity.
4.2. Weaknesses of the Study
Current literature supports the sample size used in this study [109], and university
students were also proven to be suitable subjects for the purposes of this kind of
investigation [56,57,77,78,106,110,111]. Similar population samples were used successfully in prior
studies [43,77,78,111], among others. Empirical tests suggest, in addition, that studies of environmental
preferences using dependent variables of semantic scales require about 30 respondents for getting
reliable findings (r > 0.90) [109]. However, sampling methods in social research is an ever-controversial
issue, and caution must be taken when generalizing the results obtained with a particular sample
to other population groups [112,113]. In this field of science, reliable statistical analysis of the

Sustainability 2018, 10, 2593

12 of 17

dependent variable per crosses of social variables (such as gender, age, education background, and
even profession), which guarantee a tolerated error of sampling, often implies a considerable increase
of the sampling size per social variable, which also increases the costs of polling [112,113]. Taking all
these issues into account, we consider that the findings of the present investigation are reliable enough
to be accepted as a valid and useful approximation to the problem studied.
4.3. Future Research Recommendation
Differences found in the study between Swedish and Spanish participants may have been due to
cultural and emotional factors, as suggested by other investigations in the field [61–63]. For example,
tree species characteristic of each country may have played a role in the explanation of these differences,
such as how the Swedish tended to reject images with vegetation strongly dominating the background
of the building much more than the Spaniards. Further research is needed to confirm this point and
perhaps identify other eventual causes.
4.4. Implication of the Results
The need to minimize visual impacts of buildings into the landscape was imposed by society’s
growing awareness of environmental respect, and is a conservation that has arisen in recent
years [48,114,115]. However, legislation is very vague in terms of the visual integration of buildings
into the environment. Criteria proposed by present planning rules are not necessarily the most
appropriate, and there is seldom an efficient follow-up of rule compliance.
One option for integrating buildings into the rural landscape is to analyze their visual relationship
with the setting and to highlight vegetation as the main element of it [52,54,116,117], and the results
from the present investigation represent a step forward in the evaluation of the vegetation scale.
This may be applied to buildings from rural settings to minimize their scale impact, and could help
planners and designers in figuring out the optimal design. The use of vegetation screens in the
background that do not exceed one-half of the height of the building facilitates a simple and quantified
criterion that could be used by engineers and architects for improving the integration of buildings
into the rural landscape without increasing costs, and this may easily be integrated into the specific
building regulations of Sweden and Spain in the future.
5. Conclusions
In summary, our study of the variations of height ratios between buildings and background
vegetation by using digital image processing of selected photographs and public preference surveys
conducted in Sweden and Spain has identified an optimal threshold value for visual acceptance
of around 50%. This threshold provides a quantitative criterion for improving the integration of
buildings into the rural landscape that may be incorporated into the regulations on edification in
rural settings from both countries. However, some significant differences between Swedish and
Spanish observers were recorded in regard to the acceptance of some extreme scenarios. Cultural and
emotional factors might account for them, and new investigations may identify additional elements
for further improvement.
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