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Abstract: In recent decades, rural buildings have proliferated in the rural environment, in many cases
clashing with the surroundings. One of the main objectives in rural areas must be to maintain a
balance between economic and sustainable development. In the exterior design of buildings, it is
necessary to follow technical and scientific criteria that respect the natural environment, and one of
the most important parameters in this scenario is facade color. This article analyzes the costs of using
different colors on facades and how color variations affect the integration of buildings in the rural
landscape. It addresses the context of rural buildings in the Extremadura region of Spain, where large
areas of undeveloped land are available to drive economic development. Ten technical projects and
photos of buildings were used for the study. A palette of suitable colors developed and proposed
in previous studies was used to improve the external finishes of the facades. The variation in cost
was calculated between the current designs and improved alternatives simulated using infographs,
and a survey was conducted to determine how the rating of the landscape integration changed.
The analysis shows that a building fagade in a suitable color is always a significantly better rated
solution than a finish in white (by 9%-14%). The results obtained are important because they show
that a small variation in the cost of a building can significantly increase the rating of its integration
and, therefore, give value added to the intervention because it respects the natural environment.

Keywords: visual impact assessment; indirect valuation methods; landscape planning; landscape
disturbance; landscape architecture; building design

1. Introduction

1.1. Visual Impact of Buildings on the Rural Landscape

In recent decades, rural buildings have proliferated in the rural environment, in many cases
clashing with the surroundings [1-8]. Growing environmental awareness has created a need for more
studies to analyze how the visual impact of buildings on the landscape can be minimized [9-11].

Historically, popular architecture has been characterized by the use of readily available local materials,
resulting in constructions that are perfectly compatible with the landscape. Despite the complexity of
human intervention, buildings typically form a harmonious landscape [12]. However, agriculture and
tourism have undergone considerable transformation in recent times [13]. New construction techniques
and materials have led to a proliferation of buildings that often disrupt the harmony of semi-natural
rural landscapes [10,14]. Technological developments have brought changes in shape, uses, scale,
and materials, increasing not only the functional capabilities of buildings, but also their potential
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to affect the landscape. Those responsible for new building projects in rural areas should therefore
include criteria of integration and functionality in the design [13,15-17].

One of the main objectives in rural environments must be to maintain a balance between
economic and sustainable development, giving added value to the area [18]. In industrialized
countries, developing buildings on rural land typically has significant impacts on the environment.
However, in Spain, specifically in the Extremadura region, this balance is broken due to environmental
overprotection, on many occasions without technical criteria, which can even slow down the
development of new constructions and industries [19]. State regulations typically include either
explicit or implicit references to the integration of buildings into their surroundings but are rarely
based on any scientific analysis of the capacities or the needs of the landscape [20,21].

1.2. Importance of Color and Fagades in Building Design

One of the aspects that ensures buildings are suitably integrated into the landscape is their building
design with regard to surface properties or two-dimensional qualities. The traditional approach of
visual impact analysis groups these elements into color, texture, and lines of a building [15,22].
Surface properties are the sensory factors that first affect a building’s appearance [23,24]. Some authors
have reported that differences between the appearance of a building and its surroundings are almost
exclusively a problem of color and texture [1,25,26], while other aspects such as the volume or silhouette
of a building are less significant [1,5]. Color has similarly been highlighted as one of the most important
elements in rating the visual impact of buildings, because it is the element most frequently mentioned
by an average observer with regard to a building that clashes with its surroundings [1]. Other studies
have analyzed the aesthetic role of suitable colors in reducing the apparent size of a building [5,27].

The facade is normally a very visible part of a building and occupies a larger area than the
roof [28,29]. Fagade construction materials are normally chosen solely based on functional and financial
criteria, and insulation and mechanical strength are typically more important than elements such as
color in the choice of materials [30,31].

Garcia et al. [1] presented a detailed methodology to define the color palette for facades based
on the colors of the surrounding terrain without vegetation. This element generates a perceptible
link or nexus between the intervention and natural environment [29,32]. Their methodology has
been applied as the basis for numerous works, and experience has shown that minimal specific
training is required for its use. Its conceptual framework centers on how color, as a visual element,
is perceived from a cognitive point of view. This intellectual process is common to the human condition
regardless of cultural context, according to the theories of Smardon el al. [33] and the Gestalt laws of
psychology [29,34].

In this context, using white on fagades has been shown to be a visually acceptable solution over an
unsuitable color [1]. Numerous studies have proposed theories on harmonization of colors [35]. All of
them include white as a possible component of the different color ranges [36]. White adds contrasts,
but as reported in these studies, contrasts are compatible in any range. Furthermore, white is associated
with cleanliness and temperature regulation, and is an inexpensive solution. It has also been linked
with other color choices that further enhance the integration of a building into the environment [1,5],
but the positive effect of white on fagades and its cost compared to other colors have not been analyzed
independently in a scientific study. Few works in the literature have analyzed the relation between the
visual impact of a building and its construction cost [30].

1.3. Public Participation in Visual Impact Analysis

Polling measures observers’ reactions to a series of visual proposals and may be the opinions
of experts or surveys of the general public [37—41]. This tool has been widely applied and tested to
validate hypotheses for visual impact analysis of buildings in the rural landscape [8,42—48], and is the
method used in this study.
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1.4. Objectives of the Study

The overall objective of the study is:

e To provide planners, architects, and engineers with design criteria based on analysis supported
by public surveys, allowing them to choose the most suitable construction elements by cost and
landscape integration.

The initial hypothesis and specific objectives of the study are:

e  Astheinitial hypothesis, taking into account the circumstances described above, it is assumed that
a suitable facade color other than white is a more highly rated integrating measure than white [1].

e  Specific objective 1: Using opinion surveys of a series of photos to analyze the rating of the use of
white on facades (Corrective Measure A) compared to another color that would further enhance
the visual aesthetics of the building (Corrective Measure B).

e  Specific objective 2: To compare the construction cost of the two proposals.

e  Specific objective 3: To associate variations in the construction cost and the rating of the integration
in the two proposals.

To address these objectives, a pilot area and initial buildings were chosen, as indicated in
the methodology.

2. Materials and Methods

2.1. Methodological Basis for Color Analysis in Building Integration

Garcia et al. [1] devised a methodology to quantify the visual impact of the color of a building with
regard to the predominant colors of its surroundings. Through comparative analysis based on photos
of the HSB (hue, saturation, and brightness) channels of the colors of buildings and their surroundings,
the authors devised a diagram to quantify the visual impact of color (Figure 1). They considered the
following relationships (Table 1):

1. Visual continuity (VC): the relationship between two similar or very close values. Buildings copy
values from their surroundings and reproduce features of the natural world, giving unity to the
scene. Landscapes and buildings have very similar values and the natural aesthetics of the scene
remain unchanged, with no diversity and no new contrasts. Visual continuity can be achieved in
four ways: copying natural elements (camouflage), imitating traditional buildings (architectural
imitation), constructing a natural screen to conceal the project, or building in a secluded location.

2. Diversity: the relationship between two types separated by differences. There is variation and,
therefore, diversity, which can enhance the scene. Using the method proposed in this same study,
it is possible to identify and differentiate:

e  Diversity without contrasts (DWC): surrounding types are imitated while allowing some
flexibility, giving variety to the scene. Diversity without contrasts is achieved by minimizing
the difference between the building and its surroundings.

e  Diversity with contrasts: contrast is defined as the relationship between two types separated
by an interval that is greater than a specific threshold, beyond which they are perceived as
very different. Such contrasts can disrupt the unity of a scene and, therefore, its compatibility,
creating incompatible contrasts. Contrast is essential in controlling visual effects and
perception and is vital for clarifying content and communication. Contrasts may be:

1.  Compatible contrasts (CC): adding suitable variations is one of the most important
elements of scenery quality. The landscape increases in value when contrasts are
compatible and create unity in the scene.
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2. Poorly compatible contrasts (PCC): any criteria proposal must have three characteristics:
it must be effective, appropriate, and feasible. This is difficult to achieve when an
innovative approach makes a building clash with the natural landscape.

Table 1. Summary of visual relationships between color comparison of buildings and surrounding
terrain [1].

Possible Relationships

Without diversity Visual continuity (VC)
Diversity without contrasts (DWC)
With diversity Compatible contrasts (CC)

Poorly compatible contrasts (PCC)

The HSB color values of a plot without plant cover can be used to create diagrams such as the one
in Figure 1, to define thresholds of impact comparison. This diagram can then be used to determine the
mean HSB values of the main color of a facade relative to the predominant color of the surrounding
terrain and identify the type of impact it has [1].
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Figure 1. Hue, saturation, and brightness (or lightness) relationships [1]. The central values—h, s,
and b—are the mean values of these variables calculated for the main color of the surrounding terrain.

If a color is defined as being within the visual continuity (VC) range, the integration of the building
is likely to be rated good or very good [1]. It has been demonstrated that when white is used on a
facade, it is very likely that the integration of the building will be rated good, although the level of
impact usually varies from diversity without contrasts (DWC) to compatible contrasts (CC) [14].

Following this methodology, paired scenarios of variation in facade color relative to the
surroundings were created and perception surveys were used to compare the acceptance of white or a
more suitable color and the cost-benefit of the two solutions.

2.2. Cost Study

The cost of each building is evaluated using itemized costs. The items correspond to each
construction component required to complete the project. By focusing on items whose effects are seen
from outside the building, we obtained the part of the construction price needed to generate the visual
impact of the building.
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We have termed this part of the structure seen directly by the observer as the “visual envelope” of
the building. No visual elements of the surrounding infrastructure were included (e.g., landscaping).
Roofs and exterior carpentry were not included but could be analyzed in further studies. Only the
visual envelope of the facade is analyzed.

After deciding which items to include in the evaluation of each building, their costs need to be
determined. Costs are affected by the price of the fagade construction materials, the paint, the proportional
use of the machinery needed for correct on-site installation, and labor costs. After determining the
quantity and quality of each element, we can obtain the specific cost of each item.

The sum of the corresponding items in the construction price of each building determines the final
cost of the envelope of each rural building whose visual impact will be measured. It was therefore
essential to have access to the technical documents for every building project chosen.

2.3. Study Area

To meet the objectives of the study, both the buildings and the landscapes chosen were
representative of the study area, but in very general terms. This rules out any area that is too
small, as well as emblematic landscapes and/or buildings. However, the study area does not need to
be too large, provided it meets all the necessary conditions.

The Extremadura region of Spain has different types of rural buildings, similar to those that can
be found in any country under a Mediterranean climate. Extremadura has an area of 41,634 km?
and a mean population density of 25 inhabitants/km?. The main economic sector in the region is
agriculture, and a large number of buildings of diverse typologies are located on rural land, facilitating
its economic exploitation.

2.4. Case Selection

To meet the study objectives, a number of buildings were chosen in the study area. During a field
stage, we looked for detached buildings on rural land in Extremadura. Buildings and uses unlikely
to include landscape integration in their design criteria were ruled out. Examples of these were
petrol stations, buildings with unique architecture, and buildings designed to stand out from their
surroundings. These types of constructions are intended to be very visible and therefore integration is
not typically included in their design. After this stage, the uses identified as potentially suitable for the
study objectives were agriculture, livestock, industrial, residential, and winery, of which industrial
was the least prevalent.

For the statistical results to have validity, there had to be sufficient buildings to repeat the same tests
on the original images several times (at least three original cases per modification proposal and typology
chosen), but not so many that respondents would become tired during the survey [48]. The number of
buildings chosen was limited by the possibility of accessing the documentation of the building projects
required for the analysis of their cost (Section 2.2), and by visibility for photo capturing.

Fifteen buildings were chosen from the predominant typologies (Figure 2).
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Figure 2. Location of study area.

2.5. Generating Visual Stimuli

For the color analysis and survey, the buildings chosen also had to meet the following requirements:

e  Good visibility and accessibility from roads for photo capturing.

e Sufficient distance from the observer so that photographs reveal as many details as possible of
the building and the surrounding landscape in plain sight. Previous studies recommend that
buildings should fill 25% to 30% of the total area of the image and the remaining area should show
the natural surroundings [48,49].

Photos should not be captured during adverse weather conditions such as rain, heavy cloud cover,
fog, and midday sunlight [50,51].

If these requirements are met, the building and its surroundings can easily be analyzed together
in the images created for the survey.

Following these criteria, 10 of the 15 projects were chosen to generate the survey scenarios.
The projects were grouped into two blocks by typology, based on the visual similarity of their
construction in fagade and roof finishing: five cases of residential-winery typology (I) and five of
agriculture-livestock typology (II).

Using real scenarios, two corrective measures were chosen based on the objectives of the study:
facade proposal A (facade finished in white), and fagade proposal B (walls finished in a suitable
color). Twenty scenarios were created for the survey: 5 x 2 for typology (I) + 5 x 2 for typology
(II) (Tables 2 and 3). To prepare the scenarios, the methodology for measuring the impact of color
developed in Adobe Photoshop®© CS by Garcia et al. was used (Section 2.1) [1]. Tables 2 and 3 include
the cost of each facade calculated from the data consulted in each building project, following the
methodology described above. The final column provides a percentage comparative analysis of the cost
of proposal B relative to proposal A. Following the methodology outlined in Section 2.1, the scenarios
modified with a white fagade were created so that their threshold of impact was within the CC range,
and the scenarios with a suitable color were modified within the VC spectrum.



Sustainability 2020, 12, 3840 7 of 16

Table 2. Scenarios for residential-winery typology (I).

Corrective Measure A. Whitewashed or Average B. Painted a Suitable Average B More Expensive
Typology Painted White Cost (€) Color (Other Than White) Cost (€) Than A by (%)
42,454.08 48,713.74 14.7%
8235.10 9142.33 11.02%
I
16,526.54 19,259.19 16.53%
9235.46 10,601.21 14.78%
4554.72 4843.55 6.34%

Table 3. Scenarios for agriculture-livestock typology (II).

Corrective Measure A. Whitewashed or Average B. Painted a Suitable Average B More Expensive
Typology Painted White Cost (€) Color (Other Than White) Cost (€) Than A by (%)
1163.90 1344.81 15.54%
2695.56 3066.7 13.77%
II
8103.44 9511.68 17.38%
2663.82 3014.04 13.15%

8459.91 9604.06 13.52%
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Figure 3 provides more details of two of the examples simulated using cases chosen for the
two typologies.

(a) (b)
Figure 3. Examples detailed of two scenarios: (a) typology I and (b) typology II.
2.6. Participants and Survey Procedure

The 20 infographs were initially shown to a group of 40 survey subjects. This preliminary study
was conducted among inhabitants of the study areas and students at the University of Extremadura.
The objective was to determine whether variables of a social nature such as age, gender, place
of origin, and income affected the rating of the 20 survey scenarios. Respondents were selected
randomly within these two easily accessible population groups. Many works in the literature indicate
that university students are suitable subjects for this type of investigation [52-56]. From a total of
40 participants, 18 were men and 22 were women. The mean age, for both genders, was around
33 years. The income of 30% of respondents was less than €6000 a year, while 35% had an income of
€6000-20,000. The remaining 25% did not state their income. With regard to place of origin, 37.5% were
from villages with a population under 5000, 42.5% were from boroughs with a population of up to
7500, and 20% were from towns with a population of 7500-20,000.

After identifying the limited impact of the social variables on the results (see Section 3), the sample
of survey subjects was increased to 120 participants, retaining the same territorial and social context
as in the preliminary study, but without analyzing the effect of the social variables on the rating of
the scenarios.

Respondents were shown images in a face-to-face interview [57-63]. A member of the research
group was present during each survey [60]. Photo resolution was 100-150 dpi. For 10 x 15 pictures,
the pixels corresponding to these resolutions were 393 x 591 to 591 x 886. These proportions were
appropriate for distinguishing details of the building from its surroundings [14].

Respondents were asked to answer the following question for all photos:

e  Rate the visual integration of each building with its surroundings from 1 to 10

l(verybad) 2 3 4 5 6 7 8 9 10(verygood)

An ascending scale of values is a simple and effective way to measure a respondent’s preference of
a visual stimulus [54,64] and is appropriate for the objectives of the study. Minimal time was allowed
for each visualization in order to record the first visual impulse the brain captures, following cognitive
and psychological theories [29,33,34]. This type of questionnaire permitted comparison of results in
previous works irrespective of the cultural context or the type of landscape [4].

2.7. Statistical Analysis

All statistical analyses were performed with the software IBM SPSS statistics 19 © [65].
The ascending scale from 1 to 10 allows the rating of each image to be analyzed using the arithmetic
mean of all the responses the image receives [66]. The mean value of the ratings obtained for each
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image (rating average (RA)) was used as the dependent study variable in both surveys (preliminary
and main).

(a) Preliminary survey

The independent variables are shown in Table 4: income (I), 4 levels; place of origin (P), 3 levels;
age (A), 3 levels; gender (G), 2 levels; building typology (T), 2 levels; and corrective measure (CM),
2 levels.

Table 4. Independent variables of preliminary study (40 participants).

1 not stated
Income 2 < €3000-6000
3 > €6000-9000
4 > €9000
Place of origin 1 2500-5000
(population) 2 > 5000-7500
3 > 7500-20,000
1 < 25 years
Age 2 30-50 years
3 > 50 years
M male
Gender F e
Typolo I residential-winery
yPoTosy II agricultural-livestock
C ti white paint
orrective measure B painting in a suitable color other than white

The rating averages were analyzed with the following factorial repeated measures ANOVA design:
4(I) x 3(P) x 3(A) x 2(S) x 2(T) x 2(CM). The last two variables (T, CM) were within-subject statistical
analysis and the four others (I, P, A, S) were between-subject analysis.

(b) Main survey

The independent variables of the main study were typology (T), with 2 levels, and corrective
measure (CM), with 2 levels (Table 5).

Table 5. Independent variables of main study (120 participants).

I residential-winery
Typology (T) II agricultural-livestock
Corrective A white paint
measure (CM) B painting in a suitable color other than white

The rating averages were analyzed with the following factorial repeated measures ANOVA design:
2(T) x 2(MC). These two variables were within-subject statistical analysis.

Paired comparison analysis of the mean values of each level and factor was performed using the
Bonferroni test, with a significance level of p < 0.05 (post hoc statistics). Using this type of analysis,
we identified the levels of each factor in which significant differences occurred. In this study, it shows
whether corrective measures in B cases are significantly better rated than A cases and whether response
interactions occur between the study factors (T and CM).

Cohen’s d index was also used to analyze the effect size of the significant differences observed.
Based on the literature consulted [67], Cohen’s d values higher than 0.8 were considered to have large
effect sizes. The sample size used in the final survey (1 = 120) was considered sufficient to detect at least
medium effect sizes (Cohen’s d above 0.5) at significant thresholds of power analysis ((0.90 =1 — f3;
 =0.10); o« = 0.01) [68].
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3. Results and Discussion

3.1. Preliminary Survey

The results of the preliminary analysis show that the variables of a social nature (between-subject
effects) analyzed have no significant impact on the rating of scenarios, and there appears to be some
consensus in the responses (Table 6). For within-subject analysis, both typology (T) and corrective
measure (CM) had a significant impact on the dependent variable RA and a large effect size, indicating
their importance in visual impact [67]; (typology: F(1, 12) = 8.061; p = 0.015; Cohen’s d = 1.639;
corrective measure: F(1, 12) = 9.118; p = 0.011; Cohen’s d = 1.743).

On average, typology I was always better rated (mean = 6.998 (SE = 0.189)) than typology II
(mean = 6.342 (SE = 0.137)), and corrective measure B (mean = 6.887 (SE = 0.128)) was better rated
than corrective measure A (mean = 6.454 (SE = 0.206)), irrespective of the respondents’ social context.
Similar results obtained by other authors show that in visual impact rating there is overall consensus
in key cognitive aspects such as color [1].

Table 6. Between-subjects test. Effects of preliminary survey.

Source Type III Sum of Squares df Mean Square F Sig.
Income 12.543 3 4.181 1.508 0.263
Place of origin 4.151 2 2.075 0.749 0.494
Age 0.975 2 0.488 0.176 0.841
Gender 0.504 1 0.504 0.182 0.677
Error 33.260 12 2.772

3.2. Main Survey

3.2.1. Analysis of Public Preferences

Given the results of the preliminary survey, the social variables were not analyzed. The study
factors were those described in Section 2.7 (Table 5) corresponding to within-subject analysis.

The results agree with those of the preliminary study. Factors T and CM are significant and have a
large effect size. Typology I (residential-winery) is better rated than typology II (agriculture-livestock)
(mean = 6.138 (SE = 0.105) versus mean = 5.683 (SE = 0.086); F(1, 119) = 52.298; p =5 X 10~11; Cohen’s
d = 1.326)), and proposal B (facades other than white) is better rated than proposal A (white facades)
(mean = 6.239 (SE = 0.096) versus mean = 5.581 (SE = 0.097); F(1, 119) = 52.035; p = 8 X 1077; Cohen’s
d = 1.785)). Previous studies reported that rating results higher than 5 correlate to acceptable landscape
integrations [1,14].

These main effects are clearly seen in Figure 4, which shows a positive linear trend or
correspondence between the ratings (rating average) and the corrective measures (CM). The better the
color of the finishings (proposal B), the higher the rating of the building, irrespective of the typology.
The more highly rated effect of typology I can be seen in its trend line (red line), which is significantly
above the trend line of typology II (green line).

Interaction between the two factors (T x CM) was also significant, with a medium effect size:
F(1,119) = 6.370; p = 0.013; Cohen’s d = 0.463. To determine where these differences occur, a post-hoc
paired comparison was performed (Figure 4).
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Figure 4. Means of preferences per typology and corrective measure. Different letters indicate significant
differences in pair cross comparison; identical letters indicate similar behavior in responses: (Bonferroni
test; univariate analysis in direction of dotted black arrows: F(3, 476) = 19.698, p < 4.7 X 10712, d = 0.705.

This analysis shows that the proposals for white facades, irrespective of typology, obtained similar
ratings, with no significant differences (Figure 4, I-A versus II-A cases).

Cases in I-A and II-B show similar statistical behavior in observer preferences. An agricultural
building painted a suitable color other than white (II-B) is rated the same as a white residential-winery
building (I-A). The similar rating given for the two cases by an average respondent may be due to the
differences in the building materials and finishings in the two groups of typologies. Other authors
reported that agricultural buildings are normally rated lower than residential buildings, and one of
the reasons for this may be the construction materials [14,54,64]. Using a suitable color to paint a
building which, due to its typology, has no fine elements in its finishings such as tiles, stone, or wood
can increase its rating [31]. In contrast, residential-winery buildings were expected to be rated higher
than agricultural buildings because of their materials, but these typologies were rated the same when
the facade color was white.

Although white is in theory a suitable color, it is less suitable than other colors that have less
impact (impact levels of white CC-DWC versus impact levels of more suitable colors DWC-VC) [1,14].
Similar ratings were given to buildings with good materials and white facades (I-A cases) and buildings
with poorer materials with fagades of a more suitable color (II-B cases).

Lastly, statistical differences between typologies occur only in B cases painted in a suitable color
other than white. In these cases, typology I is significantly better valued than typology II (Figure 4,
II-B versus I-B), although this may also be due to differences in the construction materials. In this
case, the combined improvements in materials and suitable color in I-B cases, compared to simple
finishings and white painting in II-A cases, make their ratings significantly different (Figure 4), and
residential-winery cases are always better valued than agriculture-livestock cases. Other authors
have put forward similar theories regarding an aggregate visual impact of surface elements visible on
facades [5,54].
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3.2.2. Cost Analysis

Using the data in Tables 2 and 3 (Section 2.5), an analysis was made of the costs of the compared
means by the type of corrective measure for the two typologies.

The analysis shows that, irrespective of typology, painting a building a suitable color other than
white is always a significantly better rated solution than painting it white, even though this option
is slightly more expensive (by about 15%). These results are statistically equal both for typology I
(14.26% (Table 7(a)) and typology 1I (14.96% (Table 7(b)) (F(1, 16) = 0.079; p = 0.073).

It can also be concluded that white is a slightly less expensive option, although this measure is
rated significantly lower than a more suitable color. Despite this, the average ratings obtained for
white were always higher than 5 out of 10, agreeing with the results of Garcia et al. [14], who found
that white was an acceptably rated color. Depending on the objectives of each individual building
project, white could be an option due to its lower cost.

Table 7. Cost comparisons between corrective measures by typology.

@T= Comparison (b)T= Comparison
Residential- I-A I-B I-B/I-A Agriculture- II-A 1I-B II-B /Il;- A (%)
Winery (%) Livestock ’
Mean cost (€) 16,201.18 18,512.00 14.26% Mean cost (€) 4617.33 5308.26 14.96%
* * * *
Rating average 0" o 6:542 14.09% Rating Average >428 5937 9.38%

(SE=0.118) (SE=0.112) (SE=0.093) (SE=0.098)

* Significant differences were found at 0.05 level.

4. Conclusions

4.1. General Conclusions

Fagade color is one of the elements with the greatest impact on the integration of a building. It can
easily be changed during a building’s lifetime for little expense and is an ongoing cost in building
maintenance. The results of this study will be useful for planners, architects, and planning legislators.
It has been demonstrated that choosing a suitable facade color entails a small increase in cost and
ensures that the integration will be rated significantly higher, although the final decision lies with the
developer. The specific conclusions provide useful technical criteria for good practices to integrate
buildings into the rural environment.

4.2. Specific Conclusions

e  Irrespective of the type of building analyzed, the rating averages of white were higher than 5 on
an ascending scale from 1 (very bad) to 10 (very good). This means that using white as a finishing
on facades is a viable building solution that aids visual integration, although facades in a color
other than white were rated significantly higher (by 9%-14%).

e From a cost analysis perspective, white is a less expensive technical solution than any other color
(around 15% cheaper), irrespective of the typology analyzed.

4.3. Future Research

The apparent secondary visual effect of the finishing materials of other visible parts of the
building such as roofs, cornices, trims, and plinths are mentioned in this study but not quantified by
cost. A similar comparative cost study is needed to analyze these elements, including the costs of
the materials.

The interaction between white and building materials must be taken into account. Simple or
poor-quality materials on roofs and facades in combination with white paint lower the rating, although
further research is also required in this issue.
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The effect of outdoor landscaping was similarly not quantified in this study, and no cases with
landscaping were chosen. Its positive visual effect as a filter using vegetation on frontal planes has been
studied [8,47] but not quantified in economic terms, and could therefore be addressed in future studies.

The photos were analyzed exclusively in terms of fagade color, without taking into account the
individual numerical rating of each building and considering only the relative improvement from one
proposal to another one. Although the mean ratings for each building were not very high (means no
higher than 5-7), all the comparisons indicate that using only a suitable color is visually sufficient,
in agreement with previous works [1,14]. The remaining margin for improvement in scores up to
10 could be explained by analyzing the visual impact aggregates of other variables not discussed
in this study, such as lines, shapes, scales, volumes, and location [5,42], which could be included in
future research.
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