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a b s t r a c t

A high landscape aesthetic quality (LAQ) arguably is an important ecosystem service that positively
affects humans’ health and well-being. It is strongly appreciated by citizens and provides the backdrop
and precondition for many outdoor activities. The objective of this paper is to map and assess the LAQ
of landscapes across Germany. We developed and tested a method for a spatially explicit national assess-
ment of LAQ. The method uses landscape diversity, naturalness and uniqueness as established indicators
for landscape attractiveness, and applies several landscape metrics as proxies to spatially evaluate and
map each of them. The results demonstrate that the LAQ varies substantially across Germany. Areas of
high LAQ are located in the German high and many low mountain ranges, in riverine landscapes, and
at the German coast and islands, whereas particularly low LAQ scores are found in urban agglomerations
and intensively used open agrarian landscapes. The proportional distribution of values shows that most
area is covered with mediocre scores, and that areas of extremely high or low scores are rare. The results
respond to the EU biodiversity strategy’s request to member states to map and assess ecosystem services,
and can usefully inform national and sub-national policy-, plan-, and decision-making.

� 2018 Elsevier B.V. All rights reserved.

1. Introduction

Landscape aesthetic quality (LAQ) can be regarded as an impor-
tant ecosystem service that positively affects humans’ health and
well-being. It can be understood as the pleasure people obtain
from the aesthetic appreciation of natural and cultivated land-
scapes (MEA, 2005a). LAQ can be seen as an offered ecosystem ser-
vice, meaning that it is valued by humans, but not necessarily
currently utilized (von Haaren et al., 2014; Albert et al., 2016b).
According to the psychophysical paradigm, the appreciation is sup-
posedly related to landscapes’ physical attributes, allowing for LAQ
mapping based on geographic data of such physical attributes (de
Vries et al., 2007). Evidence from various studies suggests that
(direct or indirect) contact with high LAQ landscapes can increase
cognitive performance, enhance people’s mood, foster the mental
and motoric development of children, support recovering from
stress and mental fatigue, trigger positive emotions, and promote
physical activity and social interactions (Kaplan and Kaplan,
1989; Kaplan, 2001; Chang et al., 2008; Kahn et al., 2008;
Abraham et al., 2010; Ward Thompson, 2011; Russell et al.,
2013; Hartig et al., 2014). While the general significance of expo-
sure to natural environments for public health still has to be inves-
tigated further (Bowler et al., 2010), it can be concluded that on a

societal level, preserving landscapes of high LAQ may help main-
taining or improving general work productivity and societal pro-
cesses, and relieving the national health system (MEA, 2005a;
TEEB, 2010). Importantly, LAQ also provides the backdrop and
physical precondition for many nature-related recreation and tour-
ism activities, often with strong significance for local economies, as
an example from German national parks shows (Mayer et al., 2010;
Mayer, 2014). The widely acknowledged MEA (2005b) categorizes
aesthetic values next to recreational, spiritual and educational val-
ues as cultural ecosystem services (CES). CES belong to those
ecosystem services that are usually directly experienced and intu-
itively appreciated, therefore often triggering public resistance
against potential impacts (Gobster et al., 2007; Daniel et al.,
2012). The growing importance of and demand for CES especially
in industrialized societies is opposed by their constant loss and
poor substitutability (MEA, 2005b; Guo et al., 2010; Hernández-
Morcillo et al., 2013; Milcu et al., 2013; Almeida et al., 2015).
Hence, CES in general and LAQ in particular should be strongly
taken into account in spatial planning. Yet, CES are the least com-
monly quantified and mapped ecosystem services (Egoh et al.,
2012; Martínez-Harms and Balvanera, 2012; Crossman et al.,
2013), with aesthetic values being the second most often assessed
services among them (Hernández-Morcillo et al., 2013; Milcu et al.,
2013; La Rosa et al., 2015).

A national assessment of LAQ could usefully inform policy and
decision-making: It could demonstrate the distribution of LAQ
across the country, thereby identifying hotspots and areas in need
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for further improvement, and allowing for inter-regional compar-
isons. It could help exploring and monitoring the cumulative
impacts of landscape changes over time, and could inform impact
assessments of policies. National LAQ assessments could also pro-
vide evidence for environmental impact assessments of large-scale
infrastructure projects, providing a consistent methodology and
therefore comparable results across different regions. Last but
not least, it would contribute to Target 2, Action 5 of the EU
biodiversity strategy, which calls upon EU member states ‘‘to
map and assess the state of the ecosystems and their services
[. . .]”, a process commonly abbreviated as MAES.

The objective of this paper is to assess and evaluate LAQ across
Germany. A suitable method to map and assess LAQ on the
national level needs to fulfill several requirements: It should use
indicators that (1) comply with the state of knowledge in cultural
ecosystem services mapping as well as landscape character assess-
ments, (2) correspond to the public’s general perception and pref-
erences regarding LAQ, and (3) be applicable in a spatially explicit
formal assessment. Furthermore, the metrics used should be suit-
able to represent those indicators, and build upon existing spatial
data. They should also be applicable on the national level while
being differentiated enough to be relevant on regional scale. For
contributing to MAES as well as national and (inter-) regional plan-
ning and decision support, the method should be suitable for mon-
itoring systems and scenario analysis. For being applicable by
planning agencies and administrative organs, spatial analysis
should be computable on a desktop PC. In the remainder of this
paper, we introduce our method, present the results, discuss them
in the light of other studies, and provide some recommendations
for further research.

2. Method

2.1. Approach used for assessing landscape aesthetic quality

The method employed to map and assess LAQ in Germany con-
sists of four steps (Fig. 1). First we conducted a literature analysis
investigating determinants for LAQ, and the indicators that are
commonly used to operationalize them. The reviewed literature
mostly relates to cultural ecosystem services assessments (recent
reviews are provided by Hernández-Morcillo et al. (2013), Milcu
et al. (2013) and La Rosa et al. (2015)), but we also included studies
rooted in environmental/landscape planning presenting
approaches for assessing landscape character or aesthetics (e.g.
Nohl, 2001; Swanwick and Land Use Consultants, 2002; Tveit
et al., 2006). Furthermore, relevant works from the fields of

(environmental) psychology and health research (overviews of
concepts and research are given e.g. by Bratman et al. (2012) and
Hartig et al. (2014)) were considered. Our review started with a
systematic search of relevant key terms in peer-reviewed papers
referenced in the ISI Web of Knowledge, and was subsequently fur-
ther expanded, also including gray literature and text books We
selected a set of indicators and corresponding landscape metrics
that are applicable on the national level. Based on our findings
we developed a method for a formal assessment of LAQ in
Germany, and finally implemented it.

2.2. Determinants and indicators for landscape aesthetic quality

In German landscape planning, aesthetics have long been taken
into consideration. Assessments use a broad set of indicators but
have been only conducted on local to regional scale (von Haaren,
2004; Roth and Bruns, 2016). Examples for ecosystem services
assessments on national level from other countries are given by
de Vries et al. (2007) and Norton et al. (2012) for national land-
scape character/appreciation assessments, and Sen et al. (2014)
for an economic valuation of recreational services. An approach
for mapping recreational values on European scale was presented
by Paracchini et al. (2014). In Germany a first draft for a CES assess-
ment was presented by Marzelli et al. (2014), who used two easily
available indicators. However, national level assessments hitherto
could not reach a level of differentiation appropriate for the above
mentioned purposes because the number of indicators considered
is very restricted and proxies are very general, such as taking land
cover or habitat types as a proxy for CES or LAQ.

Spatially explicit assessments of LAQ can be broadly divided
into two approaches: user-dependent subjectivist approaches
and user-independent formal assessments (Lothian, 1999; Daniel,
2001; Tveit et al., 2006). Both approaches serve different purposes
in planning and can be combined for getting the best planning
results. Subjectivist approaches show local users’ perception and
preferences in a given area using methods like interviews,
questionnaires, experiments, observation or participatory mapping
(e.g. Howley, 2011, Schirpke et al., 2016, van Berkel and Verburg,
2014, Plieninger et al., 2013). They are usually very time-
consuming and mostly applied on local level e.g. for getting
knowledge about the acceptability of landscape changes by the
local population. Only recently they are also applied on larger
scales typically using the internet as a communication medium
(Goossen et al., 2013). Formalized assessments use general public’s
preferences for certain landscape features, based on basic research
concerning general perception of landscapes and visual amenities,
expert knowledge, and statements in the law (societal will) (e.g.
Nohl, 2001; Jonietz and Rathmann, 2013; Augenstein, 2002). Such
assessments refer to an intersubjective value (not objectively
proved but agreed on by most people) that refers to a core of basic
common landscape preferences that can be deduced from the liter-
ature (basic research and assessment methods). Only this core is
measured in formal landscape aesthetic assessments. The results
can be used for comparing and rating the LAQ of different areas
and regions and thus support decisions about projects or the
opportunity to develop a region for tourism. Local or individual
preferences may deviate from the intersubjective results but
should be considered separately.

General landscape preferences and correlations between
different landscape metrics and such preferences are explored in
different spatial contexts with often similar approaches. They are
documented in various studies that use e.g. questionnaires with
photos or photorealistic visualizations (e.g. Arriaza et al., 2004;
Palmer, 2004; de la Fuente de Val et al., 2006; Dramstad et al.,
2006; Ode et al., 2009; Tveit, 2009; Ode and Miller, 2011;Fig. 1. Research design.
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