
Contents lists available at ScienceDirect

Landscape and Urban Planning

journal homepage: www.elsevier.com/locate/landurbplan

Research paper

Testing the validity of a saliency-based method for visual assessment of
constructions in the landscape

Lien Dupont⁎, Kristien Ooms, Marc Antrop, Veerle Van Etvelde
Department of Geography, Ghent University, Belgium

A R T I C L E I N F O

Keywords:
Photographic simulations
Rural landscapes
Photo-questionnaire
Saliency maps
Correlation analysis
Landscape planning and design

A B S T R A C T

This paper aims at evaluating a method for objective visual assessment of constructions in the landscape based
on saliency, which is defined as the distinct perceptual quality by which an item in the world stands out from its
surroundings and therefore attracts attention (conspicuity). Photographic simulations of public facility build-
ings, water towers and transmission towers inserted in a rural environment are created in different designs,
colours and sizes. Their corresponding saliency maps, which are computationally generated predictions of the
human viewing pattern, are calculated and compared with the saliency map of the original landscape photo-
graph through a correlation analysis. Higher correlations indicate a smaller visual contrast from a landscape
point of view of minimizing the visual disturbance. The method can also be used to generate eye-catching
designs such as landmarks. The output of the saliency method is compared to human assessments of visual
integration obtained using a photo-questionnaire. The results demonstrate that the saliency method is sensitive
to differences in colour and size. In addition, the outcome is consistent with people’s subjective assessments. For
design differences, this is less the case, probably because more factors than just the visual aspect are involved
when choosing a design. The method could thus be useful when scenarios only differing in size and colour are to
be compared. It is fast and easy which allows the assessment of many different scenarios and viewpoints. This
could be valuable for designing more effective and all-round visual impact mitigation measures integrated in the
design of a construction.

1. Introduction

Within society there is a growing awareness of the importance of
landscape quality (Tassinari, Torreggiani, Paolinelli, & Benni, 2007).
This quality is determined by different aspects comprising nature con-
servation values, agricultural and forestry values, water resources,
cultural heritage, residential values and visual quality (Wu, Bishop,
Hossain, & Sposito, 2006). This latter aspect is to a high degree con-
trolled by human intervention in the landscape, which can greatly af-
fect or even alter its visual quality. The architecture of new construc-
tions plays an important role in determining the landscape’s visual
quality. Harmonious designs of diversity and uniqueness which take
into account the historical significance and landscape character of a
region are desired (Tassinari et al., 2007). When designed and built in
harmony with the surrounding landscape, particularly remote rural
buildings can be used as a means of enhancing the visual quality of the
landscape (Mérida-Rodríguez and Lobón-Martín, 2011). According to
Mérida-Rodríguez and Lobón-Martín (2011), landscape integration is
described as ‘making something become part of a whole’. As such,

integration entails the adaptation of an object or territorial action to the
physiognomic characteristics of the landscape or to some of its com-
ponents used as a reference. Integration is more than the visual aspect
as it also comprises the establishment of relationships between objects
and human interpretations in terms of function, meaning etc. In this
paper, we will focus on visual landscape integration as how well an
object visually fits into the landscape as a function of its size, colour,
design, materials used and visual relationship with other objects in the
landscape. For assessing this visual integration, however, clear, stan-
dardized and uniform methods and procedures are not well established
yet (Fabrizio and Garnero, 2012; Lange, 1994; Minelli et al., 2014;
Palmer, 2015; Tassinari et al., 2007; Uzzell and Jones, 2000) as a
consequence of the lack of solid theoretical approaches of the topic
(Mérida-Rodríguez and Lobón-Martín, 2011).

In this respect, research has been conducted to assess the visual
impact of a construction in terms of its visibility by mapping the area in
which the construction will be visible (e.g. Burrough, 1994; Fisher,
1996; Hernández, García, & Ayuga, 2004; Minelli et al., 2014; Möller,
2006; Nijhuis, Van Lammeren, & Van der Hoeven, 2011; Rogge,
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Nevens, & Gulinck, 2008). This is often carried out in GIS by performing
a viewshed analysis to determine the most suitable location for the
development of the new construction, i.e. the location with the lowest
visibility (smallest viewshed) (Bishop, 2003). However, such assess-
ments do not take into account the visual characteristics of the con-
struction in terms of lay-out and design, and can therefore not be used
to evaluate the visual integration in the surrounding landscape. This
kind of visual integration has not been extensively investigated within
the field of science. Studies concerning visual integration in an urban
environment are very scarce (e.g. Sumper, Boix-Aragonès, Villafáfila-
Robles, Bergas-Jané, & Ramírez-Pisco, 2010; Unver and Ozturk, 2002).
In rural landscapes, visual integration research has mainly focused on
visual impact mitigation of agro-industrial buildings (e.g. Di Fazio,
1989; García, Hernández, & Ayuga, 2003; García, Hernández, & Ayuga,
2006; García-Moruno, Montero-Parejo, Hernández-Blanco, & López-
Casares, 2010; Hernández et al., 2004), greenhouses (e.g. Rogge et al.,
2008) and renewable energy infrastructures such as wind-power plants
(e.g. Ladenburg, 2009; Minelli et al., 2014; Palmer, 2015) and photo-
voltaic plants (e.g. Chiabrando, Fabrizio, & Garnero, 2011; Minelli
et al., 2014; United States Department of the Interior, 2013) but far less
on other infrastructural buildings (e.g. transmission towers, water
towers, public facility buildings etc.) (e.g. Tassinari et al., 2007). For
large-scale infrastructural projects such as industrial buildings, rail-
ways, dams, quarries, high voltage lines etc., Directive 2001/42/EG of
the European Parliament and the Council of 27 June 2001 obliges an
environmental impact study. However, this study does not provide clear
guidelines nor assessment procedures and certainly not for visual im-
pact assessment (Dalal-Clayton and Sadler, 2005). For smaller-scale
building projects, an environmental impact study is not even compul-
sory. As a consequence, procedures and instructions for visual integra-
tion have not been implemented in the general practice of spatial
planning of most European countries (Lange, 1994; Schmid, 2001;
Tassinari et al., 2007), or, when they have been formatted, they are
vaguely described and/or are not used properly in practice (as is the
case in our study area in Flanders, Belgium).

This evolution might have – and in many cases already has – con-
siderable effects on the visual quality of the landscape as buildings can
cause significant transformations (Tassinari et al., 2007). Especially
poor and landscape-unaware designs are very likely to detract from the
visual quality of the landscape. According to Tassinari et al. (2007),
recently erected and contemporary constructions are often char-
acterised by poor architectural quality. In addition, the phenomenon
seems to be widespread in Europe (Tassinari et al., 2007). This is
probably due to the lack of or poor application of compulsory visual
impact assessments in spatial planning in most European countries in
combination with money-saving decisions made by contractors. For
example, to reduce the design and building costs, uniform design con-
cepts using prefabricated components are often chosen. However, these
predominantly focus on functionality or are based on a ‘that’s the way
we always do it’-principle, not reflecting on how to do it better and not
leaving room for considering the unique characteristics of the site or the
surrounding landscape from a landscape point of view of visually in-
tegrating the construction into its surroundings (Schmitt, 2003). This
entails a real risk that in the end – if not yet – cost reduction will
overrule any concerns regarding the visual impact on the landscape,
leading to a systematic ignoring of the issue of visual integration
(Tassinari et al., 2007), while improved appearance does not necessa-
rily lead to additional costs (Damm, 1982). In order to turn the tide,
more efforts should be made to establish methods, based on scientific
research, which can be used to easily evaluate the visual integration/
impact of new or modified constructions on the landscape before they
are (re)built.

As the visual impact caused by the characteristics of a construction
is rarely evaluated (Hernández et al., 2004), we test a tool that could
help quantifying the degree of visual contrast – as a partial determinant
of visual impact − of a construction in the landscape without being

decisive (see Dupont, Ooms, Antrop, & Van Eetvelde, 2016). In sum-
mary, the idea of the method consists of creating saliency maps for
photographic simulations of a new project. These are computationally
generated images which encode for salience at each location in an
image based on the image’s characteristics in terms of colour, orienta-
tion and intensity information (Itti and Koch, 2000, 2001; Itti, 2005;
Peters, Iyer, Itti, & Koch, 2005). As such, saliency maps identify the
features in an image which are most likely to catch the attention. As
saliency maps have been demonstrated to be reliable predictions of the
human viewing pattern in landscape photographs (Dupont, Ooms,
Antrop et al., 2016), they can be used to identify how eye-catching
different scenarios of a construction will potentially be. Depending on
the circumstances, either the scenario with the smallest visual contrast
and thus the least eye-catching one (e.g. minimizing visual disturbance
for landscape preservation) or the scenario with the largest visual
contrast or the most eye-catching one (e.g. landmark, designer sig-
nature) can be identified.

The aim of this paper is to evaluate this saliency-based method by
applying it to a number of photographic landscape simulations in which
the dimension, colour and design of an inserted construction varies. The
inserted constructions are infrastructural constructions such as non-
residential, public buildings, water towers and transmission towers,
which are often experienced as disturbing. The comparison of the re-
sults found for the different simulations of the same construction allows
us to determine whether the method is sensitive to these different
scenarios. In addition, the results are compared to human judgements
of the visual integration of the simulated constructions in order to ex-
amine if added visual contrast increases the experienced visual impact.

2. Methods

2.1. Creation of the simulations

2.1.1. Photographic stimuli
Ten landscape photographs were taken in rural areas in Belgium. To

obtain comparable images, the same routine was repeated when taking
the photographs. The images were all taken with a Canon EOS 1000D
camera using a focal length of 50 mm to assure that equal visual angles
were obtained. Furthermore, a tripod was used to achieve a constant
camera height of 1.70 m. The horizon was always placed in order to
generate pictures with a composition of 2/3 of land and 1/3 of sky.
Finally, all photographs were taken in similar weather and seasonal
conditions. Ten base photographs were eventually selected (Fig. 1). The
represented landscapes are rural areas in Flanders (Belgium) where
traditional building styles have become rare and have been replaced by
modern buildings with a contemporary, miscellaneous architecture.
Buildings are generally clustered in villages, but remote buildings also
occur.

2.1.2. Simulations
For each landscape photograph, simulations were created in GIMP,

a free-access photo-editing software package. An object that could ei-
ther be a water tower, a public facility building or a transmission tower
was inserted into the image. For each object, three different designs
were simulated as realistically as possible. The illumination conditions
of the inserted element were geared to the conditions in the original
photographs and shadows were added where necessary. This procedure
generated 30 simulations in total: in four landscapes a public facility
building was inserted, in three a water tower and in three a transmis-
sion tower.

In a second step, two additional simulations, in which the size of the
object was varied, were created for each of the 30 simulations.
Variation in size was chosen as this variable has been identified as es-
sential in determining the visual impact of a construction (Curado and
Marques, 2012; Mérida-Rodríguez and Lobón-Martín, 2011). More
specifically, a smaller and a bigger version of the object was inserted
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