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ABSTRACT

This paper explores the visual, acoustic and olfactory impairments to landscape aesthetic
quality in a river landscape case study, using hard- and soft-GIS approaches. The research
objectives are (1) to develop a model that localizes the spatial distribution of areas likely
perceived as unpleasant and assesses the intensity of visual, acoustic and olfactory impair-
ments in those areas by using a hard-GIS method, and (2) to test the statistical validity of the
model based on results gained from a soft GIS method. The case study area is the Lahn river
landscape, Germany. Results show a substantial share of the study area affected by modelled
impairments, especially areas close to urban environments and along rivers. The area affected
by impairments is highest for visual (91%), followed by acoustic (84%) and olfactory factors
(54%). However, impairment intensities are greatest for acoustics (30% of study area) and
visual (18%). Soft-GIS data tests revealed statistical defensibility of modeled impaired areas.
The results highlight the importance of disaggregate analyses of impairments and can
provide information on suitable locations for interventions to minimize impairments.
Combining hard-GIS with soft-GIS methods may contribute to the credibility, relevance and

ARTICLE HISTORY
Received 14 June 2020
Accepted 4 June 2021

EDITED BY
Christine First

KEYWORDS

Lahn river; hesse; landscape
aesthetics; landscape
character; impairments;
geographic information
system

legitimacy of scientific findings for planning processes and decision-making.

1 Introduction

The aesthetic quality of landscapes, understood here
as their capacity to fulfill human aesthetic needs and
desires (Carvalho Ribeiro et al. 2019), directly affects
people’s health and well-being. Contact with and
activities in nature and landscapes are associated for
example with improved physical health, faster recov-
ery from stress and mental fatigue, and more positive
emotions (e.g. Kaplan 2001; Kahn et al. 2008;
Abraham et al. 2010; Russell et al. 2013). The societal
demand for recreational opportunities in high aes-
thetic quality landscapes constantly rises in developed
countries (MEA 2005; Guo et al. 2010). Hence,
expected impairments of such landscapes are often
met with public resistance (Gobster et al. 2007;
Daniel et al. 2012). Given its significance for human
well-being, landscape planning has been assessing
landscape aesthetics for decades as relevant informa-
tion for understanding the current condition of land-
scapes and to devise appropriate measures for
sustainable landscape development for people and
nature (cf. Bishop and Hulse 1994; Ervin and
Steinitz 2003, von Haaren 2004; Gobster et al.
2019). Methods for spatially assessing landscape aes-
thetic quality are diverse and can comprise two gen-
eral types. First, so called ‘hard-GIS® or ‘user-

independent’ methods assess the physical appearance
of a landscape based on a combination of spatial
indicators (Carvalho Ribeiro et al. 2019), such as
landscape diversity, uniqueness and naturalness,
sometimes with several sub-indicators. Such methods
assume that people’s appreciation of landscape aes-
thetics is related to landscapes’ physical attributes,
which allows for mapping based on geographic data
(De Vries et al. 2007), and thus aesthetic appreciation
can be aggregated and generalized and treated as an
objective information. Hard-GIS methods often
assess values based on expert knowledge or literature
analysis and refer to general landscape preferences.
The methods thereby present an efficient way to
deliver assessments of entire study areas, but are
unable to capture the transactional process between
an individual and a place. Second, ‘soft-GIS’ or ‘user-
dependent’” methods directly ask people for their
individual perceptions and try to extrapolate from
the individual responses. In contrast to hard-GIS
methods, user dependent methods assume that land-
scape and its change is perceived subjectively by the
individual (Stedman 2016) and landscape character is
not solely inherent in the physical landscape, but
a product of mind (Lothian 1999). Soft-GIS applies
participatory mapping methods, such as Public
Participation GIS (PPGIS). They have shown
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successful to assess perceptional information of citi-
zens or soft-GIS data (Kahila and Kyttd 2009) and to
be potentially useful for planning practice (Ives et al.
2015). Yet, the application of soft-GIS methods
required substantial financial, technical and intellec-
tual resources (Kahila-Tani et al. 2019).

Landscape aesthetic quality has been predomi-
nantly spatially assessed at a regional scale based on
indicators such as diversity, naturalness and unique-
ness (Hermes et al. 2018; Carvalho Ribeiro et al.
2019). These indicators are also endorsed for land-
scape planning by the German Federal Nature
Conservation Act (BNatSchG 2009).! Focusing on
areas of high aesthetic quality and using only these
indicators as a basis for landscape planning implies
the risk that only areas important for conservation
are identified, but locations with a high potential for
improvements that are highly affected by aesthetic
impairments are neglected. However, approaches are
missing for the spatial assessment of existing impair-
ments of landscape aesthetic quality planning and
management.

Impairments of the aesthetic quality can be of
three different kinds - visual, acoustic and olfactory
impairments (Porteous 1982; Swanwick 2002). Visual
quality of the landscape can be seen either objectively,
as judged by experts or subjectively, as perceived by
its user (Lothian 1999; Vouligny et al. 2009). Visual
disturbances can be of various kinds, ranging from
single point structures such as wind turbines through
linear elements (e.g. roads and railways) to large
structures such as industrial facilities, power plants,
or mining sites (LANA 1996; Koppel et al. 1998; Nohl
2001; Gerhards 2002; Meyer 2003; Rodrigues et al.
2010). In contrast to visual qualities, acoustic char-
acteristics are largely overlooked in landscape aes-
thetics research (Liu et al. 2014). Acoustic
impairments are caused by anthropogenic noise,
especially from traffic (Esswein & Schwarz von
Raumer 2004; MVI-BW 2013). The most neglected
sensory quality is smell, yet it is used for an indicator
of bad water quality (Lee & Lee 2015). Annoying
smells from landfills, purification plants or industrial
processes cause olfactory impairments (ARGE 1994;
BMU 2002). All three impairment types negatively
influence people’s perception and experience of land-
scapes and reduce the benefits people get from
recreational activities. Yet, despite the importance of
each of the sensory qualities for landscape experience,
there is no study assessing them jointly.

Therefore, the aim of this paper is to explore the
visual, acoustic and olfactory impairments to land-
scape aesthetic quality in a river landscape case study,
using both a hard- and a soft-GIS approach. More
specifically, the objectives are (1) to develop a model
that localizes the spatial distribution of areas likely
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perceived as unpleasant and assesses the intensity of
visual, acoustic and olfactory impairments in those
areas by using a hard-GIS method, and (2) to test the
validity of the model based on results gained from
a PPGIS survey.

Using soft and hard-GIS methods allows to take
into account both an objective expert-based point of
view and complement it with a subjective approach.
We use the concept of unpleasant places, understood
here as perceived negative qualities of a place, such as
traffic noise, perceived insecurity or poor environ-
mental qualities (Kyttd et al. 2013; Raymond et al.
2016) as common denominator to compare the
results of hard-GIS method and soft-GIS approach.
Hard-GIS model uses determinants of acoustic, olfac-
tory and visual impairments and according distance-
to-source values to identify such unpleasant places.
We compare the results from hard-GIS method with
data from an online PPGIS survey in which respon-
dents marked places they perceived as unpleasant.

2 Case study area

The research was focused on a case study area in the
Lahn river landscape which is in the center of the
federal state of Hesse, Germany. The study area is
limited by a 5 km buffer to both sides of the river.
This buffer size was used to integrate the maximum
number of points located by the residents in the
PPGIS study. Previous effort on limiting the study
area to the morphological floodplain would have
substantially reduced the number of points. This
area includes a part of the river used as federal water-
way for navigation. Containing two of the biggest
cities of Hesse, Gieflen and Wetzlar, the area forms
part of the center of middle Hesse (HLUG 2013). The
whole study area covers about 297 km* and reaches
from the city of Wilmar in the north-east to the city
of Solms in the south-west. The Lahn river and its
river landscape are the main focus of this research.

Apart from the urban areas of the two cities in the
center of the case study area, the land use is mainly
characterized by woodland, especially at the edge of
the area, agricultural land and a fair number of
industrial sites and facilities as well as traffic facilities
(see Figure 1).

3 Methods
3.1. Research design

The research design consists of two steps to be seen in
Figure 2. The first step comprises the approach to mod-
elling the spatial distribution of three different impair-
ment types that identified in the literature as key factors
for creating an unpleasant surrounding in the landscape.
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Figure 1. Location and land use of the case study area including the cities GieBen and Wetzlar.
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Figure 2. Research design with two steps to modelling and evaluating unpleasant places.

These impairments are assembled of multiple determi-
nants which provoke either acoustic, olfactory or visual
disturbances. With the creation of a spatial overlay of the
determinants of each impairment type the areas with the
heaviest impairments could be located. Later on, these
heavily impaired areas of all three impairment types were
joined together in order to model unpleasant places
inside the case study area.

The second step consists of a statistical evalua-
tion of the spatial accuracy of the modelled unplea-
sant places based on the consideration of

independent data. The modelled data is compared
to independent data of unpleasant places that were
marked by inhabitants of the region in an online
survey.

3.2. A hard-GIS approach to spatially modelling
unpleasant places

To conduct the first step of the research design,
two different types of input data are needed: First,
information on structural determinants, such as



motorways and landfills, and the respective thresh-
old values based on reviewed literature, and sec-
ondly, geodata on land use which was derived from
a Digital Basic Landscape Model (BKG 2016) to
apply literature findings to the case study area
(Figure 2).

Distance values stem from various literature
sources. Where possible, we used administrative
regulations such as the German ‘technical instruc-
tions for protection against noise (TA Lirm)’, or
administrative guidelines and conventions - e. g.
for landscape plans or the intervention regulation -
that are often derived from them. In other cases,
we used literature suggesting approximate distances
in which the negative impairment (acoustic, olfac-
tory or visual) of the single determinants could be
perceived (Table 1). These impairment areas of the
determinants of unpleasant places were then
applied to land use data concerning the study
area. After preparing the geodata based on the
determinants for acoustic, olfactory and visual
impairments, we created three matrices to evaluate
the impact values against each other. Finally, a GIS
software (ESRI ArcGIS version 10.5) was used to
analyze and visualize the resulting impairment
areas of all determinants.

Each determinant is categorized into one, or some-
times more than one, of the three impairment types
acoustic, olfactory and visual. In the following table it
is shown, which determinants are relevant for each of
the impairment types, which distance value was
assigned to them through literature research and
which sources were used.

The determinants most liable for an acoustic
impairment in the case study area are all types of
streets, especially motorways, federal highways and
state roads, railways, strip mining, industrial sites
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and facilities and recreational spaces (Bayrisches
Landesamt fiir Umweltschutz 2003; Esswein and
Schwarz 2004; MVI-BW 2013).

An olfactory impairment is mainly caused by
landfills and purification plants, as well as indus-
trial sites and facilities, masts and chimneys,
motorways and federal highways (ARGE 1994;
BMU 2002).

The determinants with the heaviest visual impacts
are especially landlines but also motorways, federal
highways and state roads, as well as railways, con-
struction sites, solar plants and industrial sites and
facilites (LANA -  Landerarbeitsgemeinschaft
Naturschutz, Landschaftspflege und Erholung 1996,
Koppel et al. 1998, Nohl 2001, Gerhards 2002, Meyer
2003, Rodrigues et al. 2010). Larger areas of arable
land can be perceived as visually unpleasant. Yet well-
structured arable landscape with many different
attractions for the human eye is not seen as an
impairment (Nohl 2001; W&bse 2002; Wojtkiewicz
and Heiland 2012).

Most determinants, such as motorways, cause
more than one impairment. This is due to differ-
ent types of the perception that are affected by the
determinants. A street for example can exude
noise, an unpleasant smell and can also affect the
visual quality of a surrounding. Moreover, arable
land was only considered as a structural determi-
nant when the covered area was larger than three
hectares and there were no visual interruptions
like hedges or groves.

To account for the fuzziness of the perception of the
unpleasantness of a place, every determinant in each of
the impairment types has a maximum impact value
attached that will be categorized into five impairment
classes (from very high to very low impairment) in the
according matrices (see Appendices 1-3). The

Table 1. Determinants of acoustic, olfactory and visual impairments and according distance values taken from literature data.

Acoustic impairment

Olfactory impairment Visual impairment

Determinants of impairment Distance value Literature Distance value Literature Distance value Literature
Motorways 1800 m 1), 2) 250 m 4) 500 m 6), 7)
Federal highways 800 m 2) 150 m 4) 500 m 6)
State roads 330 m 2) 75 m 4) 500 m 6)
District roads 210 m 2) 50 m 4) 300 m 6)
Municipal roads 90 m 2) 50 m 4) 300 m 6)
Facilities for traffic 90 m 2) 25 m 4) 150 m 6)
Other traffic related areas 90 m 2) 25 m 4) 150 m 6)
Railways 1200 m 2) - - 500 m 6)
Construction sites 90 m 2) 50 m 4) 500 m 7), 8)
Landfill 90 m 2) 500 m 5) 300 m 6), 9)
Purification plant 90 m 2) 500 m ) 300 m 6), 9)
Strip mining 300 m 3) - - 300 m 6), 9)
Solar plants - - - - 500 m 7), 10)
Landlines - - - - 1000 m 7)
Industrial sites and facilities 500 m 2) 250 m 4) 500 m 6)
Masts and chimneys - - 250 m 4) 450 m 11), 7)
Arable land > 3 ha - - - - 300 m 6), 9)
Recreational spaces 200 m 2) - - - -

1) Esswein and Schwarz (2004), 2) MVI-BW (2013) 3) Bayrisches Landesamt fiir Umweltschutz (2003) 4) ARGE (1994) 5) BMU (2002) 6) Koppel et al.
(1998) 7) Gerhards (2002) 8) Meyer (2003) 9) Nohl (2001) 10) Rodrigues et al. (2010) 11) LANA - Landerarbeitsgemeinschaft Naturschutz,

Landschaftspflege und Erholung (ed.) (1996)
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categorization is dependent on the determinant with
the highest impact, i.e. highest distance value. For
example: the acoustic impairment from a motorway,
which is the strongest emitter of noise, can be heard up
to a distance of 1800 m. This distance is divided into
five equidistant classes. All other emitters are assigned
to those classes according to their impact in relation to
the strongest emitter. The underlying assumption is
that the impairment intensity at the given maximum
distance is similar over all emitters, whereas there are
large differences between them directly at the source.
Accordingly, state roads, with a maximum distance of
330 m, are categorized into the two lowest classes. The
maximum impact values of all impairments can be
seen on the right site of the matrices in blue (see
Appendices 1-3). We chose a simplified linear distri-
bution for the distance values of each impairment
category, as it was the most suitable for the modelling
process in this research.

The model of the propagation of the impairment
categories is processed with the help of a GIS software.
It results in isophones (one up to five, depending on
the categories) for each feature available in the consid-
ered determinants. Based on these assignments, it is
possible to combine all of the different determinants
for one impairment type into a resulting impairment
raster showing the intensity of the impairment in five
classes (one very low: dark green to five very high: red).
To do so, all determinant raster sets for one impair-
ment type were combined and each cell of every raster
was compared to the overlying cells. Each cell contains
one of the category values from 0 (no class assigned) to
5 (very high impairment). During the comparison, the
highest value is chosen and written into the resulting
impairment raster.

After this step, the three considered impairment
types need to be combined in order to model the
unpleasant places in the case study area. Doing so,
the generated results were analyzed and the three high-
est categories (3-medium, 4-high, 5-very high) of each
impairment type were chosen for further processing,
because a perceivable impairment is most likely in the
areas of these categories. Then, a joined map was
created by combining each of the highest three cate-
gories of the three impairment types into one category.
Each cell of the three impairment raster sets now
contains either a 0 or a 1, indicating either no heavy
impairment (0) or a medium to very high impairment
(1). In the next step these three resulting impairment
raster sets were merged into one overall impairment
raster showing the number of perceivable impair-
ments. The raster cells were therefore added up so
that the resulting raster contains values from 0 (no
heavy impairment) up to 3 (all three impairment types
are heavily perceivable).

In general, it can be said that the more impair-
ments there are at a location, the higher the prob-
ability of an unpleasant place.

3.3. A soft-GIS approach to evaluate and amend
the model

To evaluate the findings of the model used for the
localization of areas with acoustic, olfactory and
visual impairments that represent unpleasant places,
we tested results from the model against independent
data from an online PPGIS survey by using inferen-
tial statistics (ordinal logistic regression).

The online survey was conducted in the Lahn
region using a PPGIS method in the summer of
2017. In a random sampling effort, 3000 residents
of 13 communes adjacent to river have been
invited via post mail, including a reminder post
card. The relation to the river and the main topics
were introduced at the first survey page ‘The river
landscape of the Lahn is a central component of
the landscape in Middle Hessen. What places are
important and meaningful? How is the river and
its shores used for different activities? Are there
any unpleasant or problematic places?. On
a separate place, respondents were asked to locate
on a map their unpleasant places and specify their
experience by selecting one or more perceived
problems and unpleasant experiences (PPUE)
and/or adding another reason (‘Which of the
unpleasant experiences do you associate with this
place?’). Within the study area 90 respondents
located 113 unpleasant places. To align with Hard-
GIS model, the PPUE were categorized into the
three impairment types acoustic, olfactory and
visual. Some unpleasant experiences, such as ‘the
atmosphere is unpleasant’ have been assigned to
more than one impairment type. This categoriza-
tion resulted in 90 unpleasant places. Some (23)
unpleasant places were assigned to PPUEs that did
not relate to the impairment types.

For statistical evaluation we used an ordinal logis-
tic regression analysis from the R package ‘MASS’
(Cran 2019). The odds were estimated that unplea-
sant places from the model and survey data are
located in the same area. Regression coefficients
were determined and then the odds ratios as well as
the percent change in the odds for a one unit increase
in the independent variable were derived in accor-
dance with Blissett (2017). The same statistical
method was used to evaluate the combined model
of unpleasant places including a spatial overlay of
all three impairments (with the three highest cate-
gories). Further details are explained in Appendix 4.



4, Results

4.1. Spatial distribution of modelled unpleasant
places

4.1.1. Acoustic impairments

Acoustic impairments exist in a large part of the
case study area with about 30% of the areas eval-
uated as highly to very highly impaired (see
Figures 3a and Figures 4). Particularly affected is
the eastern part of the case study area. Most of the
acoustic impairment is caused by the motorway
and the railway which run all across the case
study area. The modelling results show that the
remaining three categories are not as prominent.
Noteworthy is only the medium level of acoustic
impairment that covers 17% of the case study area
and can be perceived in higher distances to streets
and railways. The remaining categories one and
two are evenly distributed throughout the case
study area and reach further into the surrounding
and more away from the river.
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4.1.2. Olfactory impairments

Olfactory impairments are distributed rather uni-
formly regarding the different impairment categories
throughout the case study area (Figure 3b). In con-
trast to acoustic impairments that are present in
about 84% of the area, olfactory impairments are
available only in 53% of the area (see Figure 4).
Furthermore, areas of very high impairment intensity
are present in only a few spots towards the center of
the eastern part of the examined area. It covers about
1% of the area and is solely based on landfills and
purification plants. The same findings apply to
the second highest category that is only present
around the described spots. Most of the case study
area is of only low olfactory impairment. We can
trace this back on the occurrence of many determi-
nants for an olfactory impairment that only occur in
this category (e.g. construction sites, streets, etc., see
Appendix 2). Overall, a slightly higher concentration
of impaired areas exists in the eastern part of the case
study area around the city Gieflen.

3a

3c

© OpenStreetMap (and) contributors, CC-BY-SA

© OpenStreetMap (and) contributors; CC-BY-SA

3b

© OpenStreetMap (and) contributors, CC-BY-SA

3d

© OpenStreetMap (and) contributors, CC-BY-SA

Categories of impairment intensity Number of overlapping Survey data - impairments:

(3a-3c): impairments (3d): [ study area (Basic DLM),

B 5 - very high [ 2 - low = acoustic (n=67) *visual ("=77) __ course of the ¢\ 1_2%geg(%reetMap N
B 4 - high W ery low B e aolfactory (n=50) e all (n=113) Lahn river 0 2 4

[1 3 - medium B Kilometres

Sources: BKG 2016

Figure 3. (a-d): Resulting maps for the spatial modelling of impairments and unpleasant places: 3a: Modelled areas with
acoustic impairments and appropriate survey data, 3b: Modelled areas with olfactory impairments and appropriate survey data,
3c: Modelled areas with visual impairments and appropriate survey data, 3d: Modelled potential unpleasant places based on all

impairments and appropriate survey data.
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Figure 4. Percentage of the case study area which is covered by the five classes of Impairment intensity of all three impairment

types.

4.1.3. Visual impairments
Visual impairments are ubiquitous in the case
study area (see Figure 3c), with only 8,5% of the
study area not affected by any of the visual impair-
ments (see Figure 4). Very high (about 10% cover-
age) and high intensity (about 9% coverage) visual
impairments are present in places throughout the
entire case study area, bur mostly concentrated
along the route of landlines. Medium intensity of
visual impairments is common, with a presence in
about 48% of the case study area and relating to the
respective impact distances considered (see
Appendix 3).

Low visual impairments are present in about 19%
of the case study area (see Figure 4), especially in the
southern part with greater distances to the river.

4.1.4. Potential unpleasant places
The spatial overlay of the modelled areas with
a medium to very high intensity of impairment
from all three impairment types shows an agglom-
eration of areas that are impaired by all three
impairment types around the vicinities of the
two cities Wetzlar in the western part of the case
study area and Gieflen in the eastern part of the
case study area. Another agglomeration proceed-
ing along the pathway of the motorway and the
federal highway was discovered. Towards the east-
ernmost part of the case study area multiple smal-
ler scaled impairment areas of all three types
could be located. Especially around the Lahn
river in the western part of the case study area
these small scaled areas of all three impairment
types are present as well.

The comparison between the previous maps
(Figure 3a-c) and map 3d emphasizes that the

majority of the areas that are impacted by two
impairment types are caused by an acoustic and
a visual impairment. An olfactory impairment almost
exclusively exists when the other two impairment
types are spatially present as well.

4.2. Unpleasant places

Overall, unpleasant places are not distributed evenly
across the case study area (Figure 3d) but cluster
around the two larger cities in the east (Gieflen), the
west (Wetzlar), and the course of the Lahn river.
Furthermore, many of the places are located inside
build-up areas and around industrial facilities as well
as the bigger streets. Only a few unpleasant places are
located at the edges of the study area and further
away from the river.

An overview of the number of sites chosen as
unpleasant paces for visual, acoustic or olfactory rea-
sons as well as other unpleasant experiences is provided
in Table 2. The summary also includes some the survey
response options. The summary illustrates that visual
and acoustic impairments are most often associated
with unpleasant places (77 and 67 sites, respectively)
while olfactory impairments account for only 50 sites.

4.3. Interactions between impairments and
unpleasant places

Results from the ordinal logistic regression showed
that acoustic impairment from survey data (as
opposed to areas without acoustic impairment) is
associated with a 97% increase in the odds of being
covered by unpleasant places from the model (t-value
of 1.865, p-value of 0.063, see Table 3). The odds that
olfactory impairments from survey data were located
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Table 2. Perceived unpleasant experiences categorized into the three impairment types and other experiences. Note: as some
experiences, such as ‘atmosphere is unpleasant’ were assigned to more than one impairment, the total N does not add up to

113 as presented in Figure 3d.

Sensory impairments

Category Visual Acoustic Olfactory Other unpleasant experiences
Survey response ® Atmosphere is ® Atmosphere is ~ ® Atmosphereis  ® I feel that I do not belong there
options unpleasant unpleasant unpleasant ® Temporary inaccessible due to flooding
® The scenery is not ® The locationis  ® It is full of ® Certain groups of people or use of methods bothers
attractive crowded garbage me
® The location is ® The location is  ® The location ® Use of the location requires a membership to an
crowded noisy smells association/club
® The water quality ® The location lacks necessary equipment, services,
is poor safety structures, routes, etc.
® It is full of garbage ® ] have been harassed or discriminated against
® Environmental protection or other administrative
rules restrict use of location
N 77 67 50 23

Table 3. Output of the ordinal regression. The table shows
the regression coefficients with their values, standard errors,
t values, odds ratio, percent change in the odds for a one unit
increase in the independent variable, and p-values for three
different regressions of impairments from the model and
survey data.

Impairments Percent

(model and Standard Odds change in

survey data) Value error t-value ratio the odds p-value

Acoustic 0.676 0.363 1.865 0.676 96.6 0.063
model ~
survey

Olfactory 0.841 0.358 2352  0.841 1319 0.019
model ~
survey

Visual model 0.325 0.475 0.684 0.325 384 0.495
~ survey

in the same area of unpleasant places from the model
were 132 times higher as opposed to areas without
acoustic impairment from survey data (t-value of
2.352, p-value of 0.019), this coefficient was statisti-
cally significant at the 5% level. For areas of acoustic
impairments from the survey, the odds of being
located in areas of acoustic impairments from the
model were 38 times that of areas without acoustic
impairments from the survey (t-value of 0.684,
p-value of 0.495).

Furthermore, results from the evaluation of the
combined model of unpleasant places including all
three impairments (with the three highest cate-
gories) showed that the highest coefficients for the
odds of spatial concordance of model and survey
data could be found for acoustic impairments
(154%), followed by olfactory (50%) and visual
(3%) (see Table 4).

By spatially comparing the combined model with
survey data the following pattern could be identi-
fied (see Figure 3d): In the city Wetzlar and west of
Wetzlar most of the modelled data matched with
the survey data (57%: 64 unpleasant places in total
of which 58% acoustic, 52% olfactory, 69% visual).
All of the underlying areas in this region are
marked by a medium to a very high impairment

Table 4. Output of the ordinal regression. The table shows
the regression coefficients with their values, standard errors,
t values, odds ratio, percent change in the odds for a one unit
increase in the independent variable, and p-values for one
regression of the combined model of unpleasant places
(including all three impairments) and the impairments from
the survey data.

Impairments Percent
(combined change

model and Standard 0Odds  in the

survey data) Value error t-value ratio odds  p-value
Acoustic 0.935 0.3915 23881 25472 1547 0.0174
Olfactory 0.4051  0.457 0.8864 1.4994 499 0376
Visual 0.0386 0.4865 0.0794 1.0394 39 0.9368

and additionally in most of them all three impair-
ment types can be perceived. The rest of the
unpleasant places from the survey data are primar-
ily distributed along the course of the Lahn river
(42%). It is very prominent that most unpleasant
places are present in areas specified as very heavily
impaired by the model (43%). Only three unplea-
sant places towards the center of the case study
area were lying outside of the modelled potential
unpleasant places. The affected area is declared as
a nature reserve and is therefore not as heavily
impaired. However, if the modelled single impair-
ments are reviewed as well, we can say that these
unpleasant places are present in areas with
a modelled low visual impairment and a low to
very low acoustic impairment.

5. Discussion

The presented results show that large parts of the case
study area in the Lahn river landscape are affected by
the modelled acoustic, olfactory and visual impair-
ments. Especially the areas around the two big cities
Gieflen and Wetzlar and the near surrounding of the
Lahn river are heavily affected by the three impair-
ments. The edges of the study area are however



366 (&) S.ROING ET AL.

mostly unaffected by our modelling results. Testing
these results based on independent survey data
showed high odds that impairments and ultimately
unpleasant places estimated by models match with
those identified in the survey. Particularly, for the
olfactory model we could find statistical evidence
(p-value = 0.019) that modelled olfactory impair-
ments occur in the same areas as identified in the
survey.

The modelling results for acoustic, olfactory and
visual impairments show varying spatial patterns,
thereby reemphasizing the importance to include
multiple sensory aspects in aesthetic quality assess-
ment (Porteous 1982). Visual impairments can be
found in 91% of the total area, whereas acoustic
impairments impact 84% and olfactory impairments
54%. Yet, looking at the impairment intensities, the
highest categories (high and very high intensity)
cover the largest area for acoustic impairments (30%
of the study area) followed by visual (18%) and olfac-
tory (2%). Taking the specific example of a road, it
means that even when the road is not well visible
anymore the noise can still be heavily perceptible.
Jeon and Jo (2020) show that there is a strong inter-
action of audio and visual information and that in
combination they best performed to explain sounds-
cape and landscape components, such as pleasantness
or naturalness.

In this study we have shown that all three impair-
ment types overlap in the immediate surroundings of
the large river Lahn which dominates and characterizes
the landscape. This calls for attention, as blue spaces
have shown to be positively associated to mental health
(Gascon et al. 2017) and to lead to higher momentary
subjective wellbeing than urban fabric or indoor envir-
onments (MacKerron and Mourato 2013).

This apparent contradiction could be explained by the
presence of a four-lane road right next at the southern
shore following the river path. The finding highlights the
importance to consider impairments in the analysis of
aesthetic quality of the landscape. While approaches that
not consider impairments and focus on positive aesthetic
factors might have led to misleading high values for
aesthetic quality of the landscape, the inclusion of impair-
ments in general and sensory impairments in particular
allows researchers and planners to see the nearby road as
well, especially if acoustic and olfactory impacts are
strong as well.

6. Conclusions

The modelling applied here can be useful for land-
scape planning practice. By using hard-GIS approach
to model impairments, indications of potentially
unpleasant places can be generated. This information
can form the basis for more in-depth, and eventually
more focused, survey-based investigations of actual

perceived unpleasant places. In addition, the informa-
tion can provide planners important information on
where interventions are needed if the perceived qual-
ity of places for citizens should be enhanced. The
results show by what types of impairments and in
which intensity an area is affected by acoustic, visual
and olfactory impairments. This information is not
directly evident from assessments of the aesthetic
quality of landscapes commonly found in landscape
planning. Planners can use this information, supple-
mented by spatial assessment of the demand for areas
suitable for recreation, to develop targeted measures
aimed at reducing impairments and thereby increas-
ing recreation opportunities (Albert et al. 2019).
Potential measures can then focus on minimizing
the sources of impacts (for example suggestions to
lower speed limits on roads to reduce acoustic
impacts) or on amending existing impacts, for exam-
ple by planning wide-enough tree corridors along
roads to reduce noise propagation. Further research
may focus on testing the modelling approach in other
regions, and by testing it together with planners,
stakeholders and decision-makers in practice.

Hard- and soft-GIS methods can be seen as com-
plementary approaches. As demonstrated in this
study, soft-GIS methods can be used to verify and
complement hard-GIS methods, but also hard-GIS
methods can provide basic information for subse-
quent in-depth survey-based investigations of actual
perceived unpleasant places as discussed above.
Results have shown that not only experiences asso-
ciated to sensory dimensions led participants to
locate an unpleasant place. Personal emotional
experiences, such as sense of belonging or undesir-
able incidences, a lack of accessibility and safety, and
social experiences, such as feeling bothered by other
people, contributed as well to perceived unpleasant
places. This is in line with previous studies, which
found that various factors, such as noise, scariness,
restricted access or unattractiveness, contributed to
perceived place dissatisfaction (Tyrvéinen et al. 2007;
Kytté et al. 2013; Raymond et al. 2016).

Combining hard-GIS methods with soft-GIS
methods brings together ‘hard’ objective, register-
based geodata with ‘soft’, subjective, experiential sur-
vey data and contributes to credibility, relevance and
legitimacy of scientific findings for planning pro-
cesses and decision-making (Kyttd 2011; Durham
et al. 2014). Therefore, utilizing both hard-GIS and
soft-GIS methods and exploiting their complemen-
tary features helps to build a bridge between research
and practice, between various professionals in the
planning process, and between planning practices
and inhabitants’ unique experiences of everyday life
(Kahila and Kytta 2009).

However, implementing hard-GIS and soft-GIS
methods has inevitable limitations (Spiegelhalter and



Riesch 2011; Brown and Fagerholm 2015; Burkhard
and Maes 2017). When assessing the impairments in
the case study area, the land use data was connected
to selected literature data. The distance values we
used are conservative estimates commonly used in
landscape planning in Germany. We argue that
these conservative estimates are adequate for the
field of application outlined above. They could be
refined using more advanced modelling and using
additional data. The biggest improvement might be
gained from incorporating visibility analyses based on
a digital surface model (relief and height of buildings
and vegetation) to determine the areas actually
impacted by visual impairments (compare e.g.
Hernandez et al. 2004). But the propagation of noise
and smells could be modeled more accurately, too.
This should lead to a more realistic representation of
the on-site situation and to stronger correlations
between modeled impairments and surveyed unplea-
sant places. These improvements, however, require
more advanced modelling, more data, and empirical
foundations, which are not always as readily available
as land use data and conservative estimates. Hence,
each step towards a more realistic representation of
the actual on-site situation is a step towards less
practicability, and time and cost efficiency for assess-
ments on broader scales. We would suggest incorpor-
ating such advanced modeling, complemented by on-
site surveys, when planning and allocating measures
as outlined above for areas preselected based on our
results.

With regards to the comparison between the mod-
elling results and the survey data, a few issues can be
noted. To evaluate the aesthetic quality model, the
survey data on PPUE had to be categorized in the
three impairment types, leading to three potential
shortcomings. First, the PPUE survey question was
not design to be categorized into impairment types,
and thus the choice of statements, which was unequally
distributed between the types may have influenced the
results. Second, the breadth of PPUE had been reduced
offering less detail on what exactly the perceived
impairment of that place was. Third, some of the
PPUEs did not fit into the categories provided by the
aesthetic quality model (see Appendix 5). This did not
only reduce the number of points, but also misses
another dimension of aesthetic quality. Kyttd et al.
(2013) have shown that negatively perceived places
are strongly related with factors describing social life,
such as insecurity or bad reputation. Integrating more
cognitive aspects indeed could further enhance the
technocratic and expert based approach of landscape
assessment (Dakin 2003).

Note

1. http://www.gesetze-im-internet.de/bnatschg_2009/
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