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Abstract

Bastian O., Cudlin P,, Pechanec V., Brzoska P, Stérbové L., V¢eldkové R., Purkyt J., Grunewald K.:
Assessments of biodiversity and habitat services in cities — exemplified by Dresden (Germany) and
Liberec (Czech Republic). Ekoldgia (Bratislava), Vol. 39, No. 2, p. 174-189, 2020.

The choice of suitable biodiversity assessment methods for practical purposes in city planning
and decision-making is still a challenging problem. Despite the availability of a wide variety of
methods for almost all dimensions of diversity (mainly species and habitat diversity, including
spatial aspects), few of them have entered the practical ‘daily’ work. In the example of in-depth
examinations in German and Czech cities (e.g., Dresden and Liberec), it was found that the most
frequently applied analyses are those of protected species and habitats in urban nature conserva-
tion in general, and particularly in city development planning to derive avoidance, protection and
compensation measures. Preference analyses (questionnaires, structured interviews) are becom-
ing increasingly popular. Economic calculations of habitat values and the valuation of ecosystem
services are still in their infancy. We will present methods that are presently being applied or could
be included in a practical methodological toolkit to analyse and valuate biodiversity in urban
nature conservation, city planning and decision-making.

Key words: economic valuation, land use, preference analyses, protected species, vegetation.

Introduction

Plants, animals, and microorganisms including fungi are the basis of all ecosystems and the
services they provide. Not only pristine and rural areas but also urban and peri-urban areas
can host a rich biodiversity and deliver a wide range of benefits to sustain and improve hu-
man livelihood and the quality of life through ecosystem services (TEEB, 2011). Due to the
permanently growing proportion of people living in cities, biodiversity is continuously gain-
ing importance. On the one hand, the diversity of species and genetic variants is an inherent
component of ecosystems; it can be a regulator of ecosystem processes but also a prerequisite
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for various ecosystem services it supports. On the other hand, biodiversity itself can be a good
(Mace et al., 2012) or the result of ecosystem services (particularly the habitat service, i.e., the
capacity or the service to provide suitable living spaces and living conditions for plants and ani-
mals), which can be classified as a regulating, supporting or intermediate service. In the sense of
the international CICES classification of ES (Haines-Young, Potschin, 2018), habitat service(s)
belong to the ‘group’ of ‘Lifecycle maintenance, habitat and gene pool protection, which is part
of the division of ‘Maintenance of physical, chemical, biological conditions.

Cities can be important sites of local and regional biodiversity. Within their boundaries, the
richness of land cover types and intensities of land use create a wide array of different habitats
and microhabitats, and highly varied habitat mosaic configurations. Biodiversity in cities is
adapted to human settlements in different ways. There are species that occur predominantly or
exclusively in cities or species that occur both in urban areas and in the wider landscape, but
also species that avoid urban spaces and habitats (Werner, Zahner, 2009).

Ecological characteristics of cities relevant for urban biodiversity include the

existence of (e.g., Werner, 2016; Bastian, Xiao, 2018):

o dryand heat islands,

o small structures, small-scale spatial patterns of site conditions and land use,
o wilderness on fallow land,

« frequently disturbed habitats,

o ahigh share of thermophilic and non-native species,

o refuge and substitute habitats, stepping stones.

It is very important to assess the present state of biodiversity in cities in order to

draw the appropriate conclusions for planning and management, on the one hand be-
cause of the (intrinsic) value of biodiversity underpinned by legal obligations, on the other
hand as the sustainable supply of many ecosystem goods and services largely depends on
maintaining biodiversity at a favourable conservation status.

More or less all spheres of biodiversity (UNEP, 1992) are relevant in city planning and
management, especially:

o species diversity (number of species),

«  diversity of ecosystems, biocenoses, habitats, and landscapes,

o for particular questions, also genetical diversity (within-species diversity), for example,
varieties of fruits.

The choice of suitable biodiversity and habitat service assessment methods for practical
purposes in city planning and decision-making is still a challenging problem. Data availabili-
ty, personnel and monetary resources are crucial as well as the specific tasks to be performed,
for example, nature conservation (protection of species, habitats, areas), compensation and
replacement measures, land use and landscape planning. A wide variety of methods and
approaches have been described in the literature or used in case studies (User’s manual for
CBI, 2012; Grunewald, Bastian, 2017). But few methods are actually applied under practical
conditions in city administrations.

The aim of the study was to find which role methods to analyse and valuate biodiversity in
its different dimensions play in urban nature conservation, city planning and decision-mak-
ing. In this paper, we present a bundle of methods that are presently being applied or could
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be included in a practical methodological toolkit without major difficulties, particularly in
cities. We refer to data availability, feasibility to work with these methods, and expressiveness
of the results. We show advantages and problems of methods, and we discuss necessities, op-
portunities and limitations for broadening the toolkit.

The investigation was performed in the framework of the EU project BIDELIN (The value
of ecosystem services, biodiversity and blue-green infrastructures in cities, exemplified by
Dresden, Liberec and Dé¢in) (2017-2019), supported by the European Union, the Free State
of Saxony (Germany) and the Czech Republic (Project No. 100282320) (IOR, 2019). There-
fore, we focus on experiences, data and applications from Germany and the Czech Republic,
particularly from the cities of Dresden and Liberec.

Dresden is the capital city of the German federal state of Saxony, which borders on the
Czech Republic and Poland. The city lies in a marked widening of the Elbe river valley. Its
total population is c. 563,000 inhabitants. The territory stretches over several physical land-
scapes: a hilly loess region, and foothills of lower mountain ranges. The Elbe river with its
broad floodplain mostly covered by semi-natural meadows crosses the entire city from south-
east to northwest. Though surface sealing and intensive land use have changed the natural
conditions drastically, the inner city is greened by parks and avenues but also by many small
habitats of partly rare and threatened plants and animals.

Liberec is one of the biggest and most important cities of Northern Bohemia. The city
lies at the LuZickd Nisa at the foot of the Jestédsky hibet, covered partially by the Nature Park
Jestéd and the Protected National Area Jizerské hory mountains. Commercial spruce forests,
some beech forests, and semi-natural meadows occur on its cadastral territory. However, in
the city centre, there are only a few parks and other urban greenery. Its population is 102,000
inhabitants.

Methods

In order to identify methods that are presently being applied or could be included in a practical methodological

toolkit to analyse and valuate biodiversity in urban nature conservation, city planning and decision-making, the

following working steps were involved in the investigation:

. literature analysis referring to biodiversity assessment methods in cities,

. assessment of the practical experiences in city administration and planning, particularly in the cities of Dres-
den and Liberec,

. evaluation of the suitability of existing methods to assess biodiversity and ecosystem services in cities,

. application of these methods in the framework of the BIDELIN project to assess ecosystem services in both
cities included in the study,

. identification of research gaps, challenges, and limitations.

We classified the methods according to their complexity, from the direct counting and mapping of species and
ecosystems to more complex, integrated approaches such as the degree of naturalness and the habitat value, and
we stressed preference analyses and monetary methods like the Habitat Valuation Method and valuation based on
restoration costs.

Thus, we included methods belonging to the three broad perspectives on valuing biodiversity that cover eco-
logical, socio-cultural and economic benefits of biodiversity as distinguished in the Millennium Ecosystem Assess-
ment (MA, 2005) and TEEB (2010). This is also in line with the three main approaches of valuing biodiversity in
environmental management proposed by Laurila-Pant et al. (2015), where the first approach is to value biodiversity
in terms of the services provided for society, while the second approach is to assess socio-cultural values; the last
approach adopts a biological viewpoint.
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Results
Ecological indicator approaches

Counting and mapping of rare/protected species. Recording and mapping of animal and
plant species is a very common tool, the application of which is driven mainly by legal means
(national nature conservation acts, European regulations, e.g., Natura 2000). A special focus
is placed on species being protected and/or endangered (red list species).

According to German legislation, it is not allowed to kill or destroy native

animals and plants without reasonable cause. There are also categories of special or strict
protection: Among animals, all native bird species (except, e.g., feral domestic pigeons) and
bats, including their habitats, are protected, many mammals, all reptiles, amphibians, but
also fishes and insects are included. That means, it is not allowed to pursue or even kill them.
A similar situation obtains in the Czech Republic, where all autochthonous species of plants
and animals are protected if they do not occur on land to be managed in a standard manner.

Development planning is obliged to take care of protected species. Such plans have

to lay down avoidance measures (planning alternatives, construction field preparation
outside the breeding season) and compensation. Measures to ensure the Continuous Eco-
logical Functionality (CEF) are obligatory; they must be implemented completely before the
construction works are started, for example, creation of substitute habitats for birds, sand
lizards, rare beetles and butterflies (EEC, 2007).

There are various data sources for species, mainly faunistical and floristical maps and
publications. In many cases, however, the data are incomplete, not up to date or at an inap-
propriate scale. Thus, it is often necessary to engage consultants to analyse the occurrence
of (particularly European) protected species in a planned development area and to draw
conclusions for protection, avoidance and compensation measures.

An important data source for biodiversity issues (among them species and habitats) in
both countries is the landscape plan, which is defined as the expert planning of nature con-
servation and landscape management (Haaren, Albert, 2011; Riedel et al., 2016). Vice versa,
the landscape plan needs to be fed with biodiversity data (Bastian, 1998). To a large extent,
the landscape plan covers the spatial dimension, which is very important for biodiversity
conservation and management.

The landscape plan is an important document that gives an overview of habitat/biotope
issues and provides a framework for conservation and management. Both landscape plan
of Dresden and urban plan of Liberec are similar in the basic content. But there are several
specific features, partly indicated below. For example, the landscape plan of Dresden (Land-
schaftsplan Dresden, 2018) refers to
o animals, plants, especially rare and protected species,

o historical woodlots (valuable for specialized animal species),

« highly valuable woods,

o biotope compound systems, habitat connectivity: core areas of habitat connection and
species diversity, corridors and stepping stones (similar to the USES concept of the
Czech Republic and Slovakia) (Diviakova et al., 2018),
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o core areas for protected building-inhabiting animal species,
o conservation measures for amphibians along roads,
o  precautionary assessment of species populations before the implementation of measures
designed in the landscape plan,
o maintenance and improvement of habitats of ground-nesting bird species on arable
fields and meadows,
o deficits and threats to protected areas, species, habitats and connectivity (e.g., barriers).
In the urban plan of Liberec (City plan Liberec, 2019), special emphasis is placed on
o significant elements of ecological stability,
« urban greenery,
o scattered greenery in the landscape,
o peripheral forest landscape,
o territorial system of ecological stability (USES),
o landscape character.
Both landscape plans are similar concerning nature protection in general, but the Dres-
den plan puts greater emphasis on protecting biodiversity, while the Liberec plan focuses
primarily on supporting environmental stability.

Vegetation

Vegetation can be regarded as the most conspicuous biotic component of a terrestrial area.
We distinguish between current vegetation and actual potential natural vegetation (Tiixen,
1956). The actual vegetation is shaped by natural conditions and land use. The potential natu-
ral vegetation is defined as the vegetation representing the abiotic site conditions (including
all essential irreversible changes) as a manifestation of the abiotic environment. The com-
parison of the actual vegetation and the potential natural vegetation enables the assessment
of the actual changes in the vegetation, particularly the extent of human impact. An indicator
for this difference is the naturalness of vegetation (e.g., after Schliiter, 1982, 10 degrees), or
reciprocally the hemeroby (Table 1).

For the differentiation of nature in cities, the degrees of hemeroby, synanthropy and natu-
ralness are suitable indicators (Table 1).

In view of naturalness or human influence, Kowarik, Kérner (2005) distinguished four
basic forms of nature found in cities:

o Nature 1 ‘old wilderness’: remnants of pristine nature,

o Nature 2 ‘traditional cultural landscape’: continuity of former agricultural or forested
land,

«  Nature 3 ‘functional greening’: urban parks, green areas and gardens,

o Nature 4 ‘urban wilderness’: new elements from natural colonization processes, particu-
larly distinct on urban wastelands.

With the aim of achieving a comprehensive evaluation of urban nature, an additional
form Nature 5 ‘artificial and unnatural elements’ (e.g., buildings, green roofs) was developed
within the framework of the project. This form of nature encompasses heavily sealed or built-
up areas, which may also be partially greened, but can still be regarded as predominantly
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Table 1. Hemeroby of vegetation (modified after Blume, Sukopp, 1976; Bastian, Schreiber, 1999).

Hemeroby Anthropogenic vegetation | Ecosystem types (examples)
changes

Ahemerobic None Remnants of pristine nature

Oligohemerobic | Rather low/few Near-natural forests, bogs

Mesohemerobic | Medium Semi-natural or more artificial forests, heaths, dry and rough
meadows, extensively used meadows and pastures

B-euhemerobic | Strong Intensively used grassland and forests, perennial ruderal
vegetation, segetal communities (on arable fields)

a-euhemerobic | Very strong Special cultures (orchards, vineyards, ornamental lawns), an-
nual pioneer and ruderal vegetation

Polyhemerobic | Extremely strong Waste deposits, spoil heaps, paved paths, gravelled railroad
tracks

Metahemerobic | Vegetation totally removed | Poisoned ecosystems, totally built-up/sealed areas (buildings,
tar surface)

artificial in the overall urban context. Although this type of urban nature is not nature in
the ‘classical’ sense, it should nevertheless be regarded as a potential ecosystem, and thus, a
potential provider of habitats for different species, e.g., plants. Thus, areas are also included
that would not have been considered according to the four basic forms of nature according
to Kowarik, Korner (2005).

By means of the extended classification of urban areas with regard to their form of nature,
as shown in Fig. 1, as an example for Dresden, areas can be identified in which there is urban
planning potential with regard to preserving nature (Nature 1 and 2). These kinds of area can
be identified, for example, within the areas of the urban forest ‘Dresdner Heide’ or along the
Elbe river (see Fig. 1). Additionally, this classification shows parts of the city where upgrad-
ing measures could be necessary (Nature 4 and 5). Furthermore, the spatial distribution of
urban nature forms shows where an increased need for horticultural maintenance (Nature 3)
and an increased demand for the provision of habitats for a possible promotion of biodiver-
sity (Nature 4 and 5) can be expected. The latter occur especially in the city centre of Dresden
(see Fig. 1). Thus, the extended urban nature approach according to Kowarik, Kérner (2005)
is interesting for assessing the existing nature forms in a city and for identifying areas with
special need regarding the promotion and preservation of urban biodiversity.

Classification of land cover data (biotope and land use mapping)

Land cover maps showing type and intensity of land use combined with biotope types are
widely distributed and frequently applied. Land cover data include indicators that can be
used to characterize human impact on the territory and correspondingly the degree of natu-
ralness. This data type can also serve to roughly characterize vegetation and can indicate the
site conditions crucial for organisms, for example, estimate the intensity of human influence
on the microclimatic conditions of the vegetation cover and on the habitat structures for wild
plants and animals. Moreover, land cover data imply causal ecological networks and run-
ning processes. Therefore, one can obtain the frequency and distribution of all habitat types
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Fig. 1. Five basic forms of nature in cities (after Kowarik, Kérner, 2005, modified).

Table 2. Classification of habitat types (role for biodi-
versity and habitat function) - 5 degrees (1 - the highest;

5 — the lowest) (according to Bastian, Schreiber, 1999).

Habitat/land use type Habitat value
Deciduous forest 1
Humid/wet forest 1
Mixed forest 1.5
Coniferous forest 2
First afforestation 2
Tree row, alley 2.5
Hedge 2
Orchard meadow 1
Dry, nutrient-poor grassland 1
Wet grassland, moist ruderal area 2
Grassland, dry ruderal area 2.5
Fields, arable land 4
River 2.5
Riparian vegetation 1
Pond 1
Sports, leisure area 3.5
Industrial site 4.5
Open building area 3
Dense urban development 5
Road 5
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of an area as well as information on their
naturalness.

The landscape plan of Dresden in-
cludes habitats and land cover maps that
are based on Colour Infrared Photographs
(CIR). These data identify about 100 dif-
ferent habitat types, which can be further
differentiated by structural and additional
features (primary scale 1:5,000, generalized
1:50,000), and can be combined with 19
comprehensive habitats and land use com-
plexes. By classifying the habitat or land
cover types with regard to their suitability
for being habitats of flora and fauna (and
for hosting a rich biodiversity), it is possible
to identify habitat values (see Table 2).

The classification of the habitat and
land cover types in the city of Dresden
shows the amount and the distribution of
areas that exhibit high to low habitat val-
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Fig. 2. Values of habitat and land cover types in the city of Dresden (green colour and low numbers: highest values,
orange and red colour and high numbers: lowest values; see Table 2).

ues, and therefore, indicates their significance for the protection and preservation of biodiver-
sity in the city (Fig. 2). Areas with the highest habitat values are in the northern part of Dresden
(dark and light green areas). These areas include mainly large forest territories, such as the
Dresdner Heide, as well as agricultural regions in the outskirts. But small patches within urban
parks, as indicated in the GrofSer Garten in the city centre, may also exhibit high biotope values
and can be seen as important near-natural habitats. The lowest habitat values (dark red areas)
are located in the central parts of Dresden with high soil sealing and very high human influ-
ence. But in general, most of the city area is classified with low habitat values (orange areas).

Protected areas

Settlements can host important substitute habitats for various threatened species of natural
and cultural landscapes (Miiller, Abendroth, 2007). Following the principle of differentiated
land use and nature conservation intensities (Haber, 1998) across the entire territory, pro-
tecting biodiversity in urban areas must include all categories of nature, from the remnants of
natural landscapes (e.g., near-natural forests), cultural landscapes (orchards), urban-indus-
trial areas including rural settlements and landscaped areas. The core areas of nature conser-
vation, however, are represented by various legally protected areas, also in cities.
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The conservation status implies — as a rule - the high value of an area in terms of biodi-
versity (and habitat services) but also a higher priority in planning and decision-making. We
can find various categories of protected areas and objects in the cities of Dresden and Liberec
(Table 3). There are also sites of the EU-wide Natura 2000 network, which is designed to help
achieve the goal of the European Union of ‘halting the loss of biodiversity and the degrada-
tion of ecosystem services in the EU by 2020, and restoring them in so far as feasible, while
stepping up the EU contribution to averting global biodiversity loss’ (COM, 2011). Natura
2000 comprises two basic categories: (especially and strictly) protected species and protected
areas — FFH sites (Fauna-Flora-Habitat Sites = Special Areas of Conservation pursuant to the
Habitats Directive 21.5.1992, 92/43/EWG), and Special Protection Areas (SPA, pursuant to
the Wild Birds Directive 2. April 1979, 79/409/EWG).

Table 3. Nature conservation areas and objects in Dresden and Liberec (Schutzgebiete Dresden, 2018; AOPK, 2011).

Dresden Liberec
Total size of the territory 328.28 km? 10.61 km*
Nature reserves 248 ha 71 ha
Natural monuments 134 ha 35ha
Landscape protection areas 12,238 ha 1,460 ha
Protected habitats 1,470 ha
Valuable trees ¢. 1,950 individuals
FFH 1,901 ha 1ha
SPA 1,609 ha

Unlike comprehensive habitat and land cover mapping, selective habitat mapping considers
only for valuable (and protected) habitats (partly synonymous: biotopes) (Cudlin et al., 2005).

Examples of legally protected habitat types in Germany are natural running and stand-
ing waters, including their riparian vegetation, bogs, swamps and reeds, dunes, heaths,
bogs, swamp and riverside forests, natural rocks, natural coast areas; in Saxony and some
other German federal states additionally, for example, nutrient-poor fresh and mountain
meadows, hollow trees, orchard meadows, clearance cairns, ravines and dry walls. As an
additional category, the landscape plan of Dresden also mentions ‘complex of habitats or
land use types with great significance for biodiversity’ (three-grade scale: medium, high,
very high).

Economic valuations

Biodiversity is not only an ecological, but also a social and economic issue (Laurila-Pant et
al., 2015). Economic valuations of biodiversity/ecosystems in cities are still not very com-
mon. They are of great significance, particularly in terms of cost calculations for compensa-
tion measures (for species and habitats) and for landscape management.

Habitat values are used in the framework of the Impact Mitigation Regulation (Albrecht
et al., 2014) for comparison and compensation purposes. These values are regarded as physi-
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cal indicators for the performance of an ecosystem to maintain biodiversity, or - depending
on the specific application - as part of the physical capital value of an ecosystem. First, this
value is non-monetary, but it has the characteristics of exchange values, which can easily be
transformed to monetary values.

Monetary values for habitat types are also used in the Impact Mitigation Regulation. If
values and functions of nature are impaired by an avoidable impact (e.g., by construction
measures), the damage can be calculated as the equivalent of the costs of compensation (sub-
stitution and compensation costs) or replacement measures (replacement costs) necessary
for the recovering of the functions of nature. The starting point for the derivation of mon-
etary values are nature conservation requirements on the extent of compensation and re-
placement measures (compensation obligation, German Nature Conservation Act §8). This
obligation can be seen as the consensus of society to maintain the functions of nature (or the
ecosystem services). The compensation cost is adequate to society’s willingness-to-pay.

This ties to the Habitat Equivalency Investment Model (Schweppe-Kraft, 2009), which
calculates the restoration costs while taking the necessary time or duration of development
into account. In a similar vein, Sejak et al. (2003) created a Habitat Valuation Method (HVM)
for habitat type quality assessment, which combines the expert and habitat-specific restora-
tion cost assessment (Table 4). They awarded scores between 1 and 6 for each of the criteria
phylogenetic maturity of vegetation, habitat naturalness, structure diversity, species diversity,
rarity of the habitat type, rarity of species, habitat vulnerability, and threat to habitat type
(Sejak, Cudlin, 2010). The financial value of one point corresponds to the arithmetic mean of
the costs of analysed restoration projects in the Czech Republic spent to improve the ecologi-
cal state of 1 m? by one point. In 2003, the authors assigned monetary values to the score (1
point = 0.40 €); by 2015, it had increased due to inflation to 0.59 € (Pechanec et al., 2017);
and in 2018, it was re-counted using new restoration projects and reached 1.14 €.

Using the Habitat Valuation Method, a total habitat value of 106,087,048 € was found
in the Liberec cadastral territory. The total value for 1 m* was 22.3 € (220,300 € ha'), which
means that the annual value was 1.12 € m™ (10,000 € ha'! year). It must be stated, however,

Table 4. Habitat types and their monetary values in the Czech Republic, calculated with the Habitat Valuation
Method (Pekanec, unpublished data).

Habitat | Name Areain CR Point value Monetary value
(km?) (EUR) of 1 m?
T1.1 Mesic Arrhenatherum meadows 1907.16 33 37.62
L5.1 Herb-rich beech forests 1229.30 45 51.30
L3.1 Hercynian oak-hornbeam forests 1010.61 47 53.58
12.2 Ash-alder alluvial forests 796.06 42 47.88
L9.1 Montane Calamagrostis spruce forests 438.81 36 41.04
T1.5 Wet Cirsium meadows 416.78 49 55.86
T1.3 Cynosurus pastures 408.56 39 44.46
K3 Tall mesic and xeric scrub 351.90 33 37.62
L2.3 Hardwood forests of lowland rivers 241.38 66 75.24
L4 Ravine forests 209.34 42 47.88
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that such monetary calculations with the Habitat Valuation Method have rarely been applied
in practical work.

As nature conservation and habitat management are nearly always limited by scarce
monetary resources, the description of biodiversity in monetary terms is useful, particularly
in terms of the costs for maintaining, managing and restoring valuable habitats.

Grunewald et al. (2014) developed a methodology for a regional (state-wide) calculation
of landscape management measures and costs. It was compiled in an exemplary manner for
the Federal State of Saxony (c. 18,420 km®) in Germany. Table 4 shows an example for the
city of Dresden. Costs of habitat management are required to plan landscape management
and nature conservation measures. They would also be useful to calculate (and demand) a
budget, which truly reflects the total annual expense of maintaining (and developing) valu-
able biotopes (Table 5).

Table 5. Annual management costs for valuable biotopes in the city of Dresden, Germany (after Grunewald,
Syrbe, 2013; Geifiler, 2017, modified).

Acronym | Biotope type Total Ann. costs Ann: costs
area (ha) €/ ha €/ habitat type
BS Orchard meadows 278.4 600 167,040
GM Extensively used nutrient-poor mesophilic grassland 264.0 413 109,032
RS Acid dry grassland 40.0 520 20,800
All protected biotope types in Dresden 1,470 ha (tzg?)cggjts)

For ecosystem service assessments, the biophysical accounting is only one side of the
coin. It represents only the biophysical basis or the supply side. It should be complemented by
demand-oriented approaches that relate more to the perspective of users and beneficiaries. In
the broadest sense, such preference analyses are also economic valuation methods.

Public appreciation of urban biodiversity

People place value on species, ecosystems and biodiversity in general as well as on ecosys-
tem services without necessarily assigning monetary values. There are a lot of methods for
expressing preferences in non-monetary yet quantifiable terms, including quantitative and
qualitative techniques (i.e., surveys, interviews), participatory and deliberative tools (e.g.,
Hofmann et al,, 2012; Botzat et al., 2016; Moyzeova, 2018). A recent representative study by
Fischer, Kowarik (2018) regarding a question on the appreciation of urban species-diversity
through people in the city indicates that a high degree of biodiversity in urban environments
is accepted and supported the most. In this study, about 4000 people in five different Europe-
an countries with diverse backgrounds were interviewed and asked about their preferences.
In recent years, a number of structured surveys have been carried out in Dresden, for
example, in relation with urban climate adaptation and green spaces, the restoration of an
urban watercourse (Geberbach), the design of an urban park (Stidpark) or the upgrading of
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urban green spaces. The results of all these surveys reflected the public’s high regard for bio-
logical diversity and the ecosystem services associated with it.

As part of the BIDELIN project, surveys on the perception of urban ecosystem services
and their impact on well-being were carried out in the summer months of 2018. A total of
217 Dresden citizens were interviewed in various parks in the city. The assessment of deci-
sions on important ecosystem functions and services, which can, for example, be provided
by city parks, shows the high importance of biodiversity-related ecosystem services for the
inhabitants (see Table 6). The most frequent choices (94 to 92%) relate to habitat services that
parks can provide for plants, animals or bees. Only ‘recreation’ (99%) and ‘improvement of
air quality’ (96%) were chosen more frequently.

Table 6. Assessment of choices concerning important ecosystem services and functions provided by Dresden city
parks (n = 217).

Ecosystem services and functions “Very important”
Recreation 99%
Improvement of the air quality 96%
Habitat for plants 94%
Habitat for animals 92%
Habitat for bees (pollination) 92%
Improvement of microclimate (shadowing, cooling, air humidity) 89%

The planning process of an urban park in Dresden, the so-called Siidpark, can be con-
sidered as another example of the high valuation of biodiversity and thus the significant
role of biodiversity in the city. Citizens were involved in this process and have been asked
about their wishes for the park design and park facilities. Many aspects related to biodiversity
emerged among the most common responses. The most frequently stated demand was the
plantation of an orchard meadow with fruit trees, which is a legally protected biotope type in
Saxony (see 3.1.4.). Further common demands concerned the creation of ‘untouched’ natural
areas and the maintenance of meadows.

Discussion and conclusion

The aim of the study was to find which role methods to analyse and valuate biodiversity in its
different dimensions play in urban nature conservation, city planning and decision-making.

Looking at the practice of planning and decision-making in cities on the example of
Dresden and Liberec, we see a broad variety of tools applicable on different scales for vari-
ous more or less complex tasks. As Chevassus-au-Louis et al. (2009) note, the quantification
of biodiversity is a particularly ambitious goal, and the desire to define a simple and unique
indicator analogous to the ‘ton of coal equivalent’ is an illusion, as is any definition of a mon-
etary indicator to account for all of the aspects of biodiversity. The very specific nature of
local situations also makes value transfers problematic.
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Among the various methods, the classification of land cover data according to the habitat
values by Bastian, Schreiber (1999) shows an easily applicable method for obtaining an over-
view of the spatial distribution of areas and their share with regard to their significance for
biodiversity. The ‘classical’ biodiversity indices (or functions that take into account the relative
frequencies of species present at the site), which describe the richness and distribution of spe-
cies, do not play a major role.

Methods related to species and areas enjoying legal protection, however, have the highest
significance for the practitioners in city administration. In daily planning and decision practice,
such species and areas absolutely have to be taken into consideration. In principle, adequate
methods have proven their worth, although enhancements by better data and knowledge pro-
gress are possible.

As Laurila-Pant et al. (2015) note, for all the classical indicators, threshold levels can be
set, which dictate the minimum level of biodiversity to maintain. These thresholds serve as
the minimum level of biodiversity that society seeks to preserve. Therefore, defining such a
threshold represents the first social aspects of the analyses. Overall, these ecological biodiver-
sity indicators are useful quantitative tools for assessing the state of biodiversity, as well as for
communicating complex environmental issues in order to integrate them more thoroughly into
policy decisions (TEEB 2010).

Despite the numerous advantages of the ecosystem services concept (e.g., De Groot et al.,
2010; Ring et al., 2010; Spangenberg, Settele, 2010; Haaren, Albert, 2011; Matzdorf et al., 2019),
the application of the ecosystem services concept is (still) not widespread in city planning and
decision-making (including in Dresden and Liberec). Of course, meanwhile the concept is
more or less broadly accepted, but primarily among scientists and some politicians. There is
also increasing consensus that ecosystem services are a basic prerequisite for the quality of life
in cities, and that for the future well-being of citizens, the quality and functions of urban eco-
systems need to be improved.

To some degree, economic valuation of biodiversity and ecosystem services is used never-
theless, namely for the calculation of economic expenditures of ecosystem management. Thus,
nature conservation efforts can be made financially sustainable over longer periods of time, also
in cities (Mertz et al., 2007; Sejak, Cudlin, 2010; Spangenberg, Settele, 2010).

The knowledge of economic (monetary) values in a strongly economically oriented world
can also be helpful for awareness raising and for improving weighing decisions. It can produce
a ‘wow’ effect when one hears that the annual economic value of FFH sites in the city of Dres-
den (1,901 ha) is 4.6-6.5 million €/a, and that of protected biotopes (1,470 ha) ranges between
3.6 and 5.1 million €/a. We downscaled the data calculated for the entire Natura 2000 network
of the EU (annual value 2,447 €/ha (median) -3,441 (mean) (see IEEP, 2002; Kettunen et al.,
2009; Gantioler et al., 2010; Bastian, 2013). It is obvious that the benefit of these protected areas
exceeds the costs for habitat management (Table 5) by far.

Our preference studies showed the high appreciation of urban biodiversity by the citizens of
Dresden. This is in line with indications from literature that reflect a high importance and per-
ception of biodiversity in cities for the citizens (e.g., Botzat et al., 2016; Fischer, Kowarik, 2018).

We conclude that the existing methods of analysing and accounting for biodiversity
and habitat services may provide a valuable knowledge base for decision-making, plan-

186



ning, nature conservation and management (not only) in cities. In most cases, only few
selected methods are applied, depending on the object of investigation, data availability
and costs. Laurila-Pant et al. (2015) argue for more integrative approaches that consid-
er all three perspectives of biodiversity valuation. According to Ring, Schréter-Schlaack
(2011), to achieve sustainable solutions in biodiversity conservation we need policy mixes
consisting of a broader range of assessment and valuation methods. They should include
biophysical ranking methods but also integrated approaches that consider the complexity
of ecological, social and economic systems, among them measures of attitudes, preferenc-
es and intentions, civic valuation, ecosystem benefit indicators, and negotiations among
stakeholders.
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