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Abstract

Landscapes differ in their capacities to provide ecosystem goods and services, which are the benefits humans obtain
from nature. Structures and functions of ecosystems needed to sustain the provision of ecosystem services are alte-
red by various human activities. In this paper, a concept for the assessment of multiple ecosystem services is propo-
sed as a basis for discussion and further development of a respective evaluation instrument. Using quantitative and
qualitative assessment data in combination with land cover and land use information originated from remote sensing
and GIS, impacts of human activities can be evaluated. The results reveal typical patterns of different ecosystems*
capacities to provide ecosystem services. The proposed approach thus delivers useful integrative information for
environmental management and landscape planning, aiming at a sustainable use of services provided by nature. The
research concept and methodological framework presented here for discussion have initially been applied in different
case studies and shall be developed further to provide a useful tool for the quantification and spatial modelling of
multiple ecosystem services in different landscapes. An exemplary application of the approach dealing with food
provision in the Halle-Leipzig region in Germany is presented. It shows typical patterns of ecosystem service distri-
bution around urban areas. As the approach is new and still rather general, there is great potential for improvement,
especially with regard to a data-based quantification of the numerous hypotheses, which were formulated as base for
the assessment. Moreover, the integration of more detailed landscape information on different scales will be needed
in future in order to take the heterogeneous distribution of landscape properties and values into account. Therefore,

the purpose of this paper is to foster critical discussions on the methodological development presented here.
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1 Introduction

he ecosystem services concept is strongly based

on the approach of de Groot’s “Functions of Na-
ture” (1992), which has predecessors in landscape eco-
logy and planning, For example in the Eastern German
landscape literature, landscape functions and landscape
potentials have been an important item of research (see
Haase & Mannsfeld 2002, Bastian & Steinhardt 2003,
Bastian & Schreiber 1999). In the Western German
area Marks et al. published their instructions for the
evaluation of landscape system performances in 1992.
In the global context, the contributions of Costanza
et al. (1997) and Daily (1997) have been milestones
in ecosystem services research. Nowadays, ecosystem
services have become a very popular research theme
and a conceptual framework for numerous research
projects (e.g. the Millennium Ecosystem Assessment;
MA 2003). The attractiveness of the approach most
likely originates in its integrative character, which
supports inter- and transdisciplinary research, linking
environmental and socio-economic concepts (Miller
& Burkhard 2007). Moreover, today's environmental
and economic crises and upcoming problems related
to environmental degradation and resource depletion
make the necessity of new management tools obvious
(Vandewalle et al. 2009, Rees 1998, Dailey et al. 2009).
From a systems analytical point of view, the concept
provides a systematic listing of the most important
ecosystem components and processes and the depen-
dence of human societies on them (de Groot 2000).
Most studies carried out so far provide very appealing
conceptual frameworks and interdisciplinary scientific
methods.

However, one main obstacle seems to be the applica-
tion of the ecosystem goods and services concept at
the landscape level due to the lack of appropriate data
for their quantification. Many studies are focussing
on global assessments (Naidoo 2008, Costanza et al.
1997), which provide valuable information but are not
directly applicable for regional or local decision ma-

king. A review of concepts of dynamic ecosystems and
their services in the RUBICODE project showed, that
most quantifications of ecosystem services are carfi-
ed out with economic measures. Assessments in non-
monetary terms are very few although standardised
approaches to quantify ecosystem services are required
(Vandewalle et al. 2009). As a suitable spatial reference
RUBICODE explored the concept of Service Provi-
ding Units (SPUs) which are ,,the total collection of
organisms and their trait attributes required to deliver a
given ecosystem service at the level needed by service
beneficiaries. The SPU must be quantified in terms of
metrics such as abundance, phenology and distributi-
on“ (Vandewalle et al. 2009). This is an interesting ap-
proach as it divides (but also reduces) landscapes into
service providers which might result in the derivation
of new landscape classification units. A comparison of
these service providing units with natural units or land
cover units thus seems to be interesting.

The mapping of ecosystem services has been listed as
one key element that is required in order to improve
the recognition and implementation of ecosystem ser-
vices into institutions and decision-making by Daily &
Matson (2008). In recent years, many new mapping ap-
proaches of ecosystem services have been developed
by various scientists (e.g. Tallis & Polasky 2009, Nelson
et al. 2009, Egoh et al. 2008, Naidoo et al. 2008, Troy
& Wilson 2006, Willemen et al. 2008). These approa-
ches vary considerably in the scale and scope of the
analysis as well as in the assessment method of eco-
system goods and services production. Reviewing the-
se studies reveals the striking difficulty of combining
spatial accuracy with comparability of different case
studies. Following the first attempt of Costanza et al.
(1997) to estimate and map the value of ecosystem ser-
vices in monetary terms at global scale, Turner et al.
(2007), Kreuter et al. (2001) and Troy & Wilson (20006)
are using the same approach of value transfer in order
to quantify and map the monetary value of ecosystem
services at global or regional scales. The value or bene-
fit transfer method, in which the valuation results of
ecosystem services at one study site are transferred to
others, has been criticised for neglecting spatial diffe-
rences of habitat types (Tallis & Polasky 2009, Nelson
et al. 2009). Other mapping attempts quantify a dif-

© 2009 TALE-D. All rights reserved. www.landscapeonline.de

ISSN 1865-1542 Page 2



B. Burkhard et al.

Landscape Online

Landscapes® Capacities to ... 15 / 2009

ferent number of ecosystem services in biophysical
units, without including monetary valuation. Naidoo et
al. (2008) present a method for the global mapping and
quantification of four ecosystem services in biophysi-
cal units and compare the service production with pri-
ority sites for biodiversity conservation. They restrict
their analysis of ecosystem services quantification to
four services because of the lack of available data at
the global scale. Also Egoh et al. (2008) who conduc-
ted their study of mapping ecosystem services at the
national scale for South Africa, concentrate on the bio-
physical quantification and assessment of spatial con-
gruence and relationships of only five soil and water
related ecosystem services. They identify areas of me-
aningful (ranges) and hotspot supply of each analysed
ecosystem service and count the number of ranges
and hotspots per catchment for the visualisation of
the total service supply in their maps. Willemen et al.
(2008) map and quantify the capacities of eight land-
scape functions to provide ecosystem services for the
Gelderse Vallei in the Netherlands. The authors em-
phasise the biophysical variation of landscapes which
leads to an uneven distribution of goods and servi-
ces. Only parts of the landscape functions are direct-
ly observable from land cover data. Non-directly ob-
servable landscape functions necessitate the inclusion
of field observations prior to extrapolating landscape
functions from spatial indicators. For those landscape
functions, Willemen et al. (2008) apply rules based on
literature reviews as has been previously done by Hai-
nes-Young et al. (2006) and Gimona & van der Horst
(2007). Recently, two ambitious projects emerged to
further develop spatial explicit modeling and map-
ping of ecosystem services. The first is the MIMES
approach (Multiscale Integrated Model of the Earth
Systems’ Ecological Services, www.uvm.edu/giee/mi-
mes) which builds on the GUMBO model (Boumans
et al. 2002) and aims at evaluating the effects of land
use changes on ecosystem services on various scales
by integrating participatory model building, data coll-
ection and valuation. This integrated model system is
still under development. The second modeling tool,
the Integrated Valuation of Ecosystem Services and
Tradeoffs tool (InVEST) that has been developed by
the Natural Capital Project (www.naturalcapitalproject.
org) has already been described in published studies

(Tallis & Polasky 2009, Nelson et al. 2009). So far, this
tool, which aims at linking models of ecological pro-
duction functions with economic valuation methods,
includes a limited number of ecosystem services as
well as terrestrial biodiversity.

Unlike InVEST, our approach aims at developing a
more general methodology to evaluate capacities of
different landscapes to provide ecosystem services. It
does not focus on the economic evaluation of eco-
system services or environmental accounting (like e.g.
Miler et al. 2008, Boyd & Banzhaf 2006), whose per-
tinence is debated due to its economic terminology,
its anthropocentric orientation and the underestimati-
on of biological principles (Ludwig 2000, Chee 2004,
Rapport & Singh 2006). Nevertheless, economic eva-
luations are an essential part of human-environmental
systems research. They support awareness raising for
the dependence of human societies on nature and help
design institutions for the conservation of important
natural systems in a sustainable manner (Heal 2000).
In this sense, there is no either-or among ecological
and economic evaluation methods (Farber et al. 2002).
Turner et al. (2003) have shown in their survey of the
nature valuation literature that there is a need of stu-
dies to encompass a range of interdependent ecological
functions, uses and values at different sites. This type
of study is of great relevance to environmental mana-
gers who have to deal with complex trade-offs between
conservation and land use development. Although we
do not integrate an economic valuation in our propo-
sed method, a classification of the service production
capacities allows a comparison between different bio-
physical units.

In contrast to the studies presented above, our ap-
proach includes the concept of ecological integrity as
a prerequisite for providing ecosystem goods and ser-
vices to humans and therefore widens the purely anth-
ropocentric view of other studies (Miller & Burkhard
2007). As defined by Barkmann et al. (2001), ecolo-
gical integrity denotes the ,,support and preservation
of those processes and structures which are essential
prerequisites of the ecological ability for self-organi-
sation® of ecosystems. It is mainly based on variables
of energy and matter budgets and structural features
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of whole ecosystems. These components are similar
to those referred to as ,,supporting services™ in other
ecosystem services studies (MA 2003). In the assess-
ment framework presented here, ecological integri-
ty and related indicators (Miller 2005) represent the
base for the provision of regulating, provisioning and
cultural ecosystem services. The different ecosystem
services of these three groups were mainly selected
from lists provided by de Groot (2006), MA (2005)
and Costanza et al. (1997).

As spatial units, the land cover classes of the Eu-
ropean CORINE project (EEA 1994) were used as
starting points. Originating from remote sensing data,
these land cover units provide a logical combination
of land cover and land use - as it can be found in the
real landscapes. As CORINE land cover units are qui-
te coarse data with regard to their spatial and thematic
resolution, a lot of information is aggregated with a
high degree of generalization. Hence, several land-
scape features, qualities, rarities and configurations
cannot be represented. Therefore, CORINE data are
used as a starting point and the integration of additio-
nal data is planned step by step. This will improve the
value and explanatory power of spatial assessments
of ecosystem services. The information needed for
an appropriate evaluation of ecosystem services and
the estimation of their value are difficult or - in many

aspects - even impossible to obtain. But, ,,even im-

> 3
perfect measures of their [ecosystem services| value,
if understood as such, are better than simply ignoring
ecosystem services altogether, as is generally done in

decision making today* (Daily 1997: 8).

In this paper, we are therefore proposing the first step
of a comprehensive assessment strategy for ecosys-
tem services provision at the landscape level. It is a
new approach as it offers great potential to combine
various data sources and different topics. Outcomes
are descriptive tables and maps which illustrate the
potentials of particular areas to provide ecosystem
services. We are aware that a broad range of central
issues like for example questions of scale-dependenci-
es and scale—interactions, habitat heterogeneities and
temporal aspects are not considered yet. But this was
not the aim of this paper. Our approach aims at deve-

loping and discussing a research framework to answer
the following questions:

- What potential do the different land cover units have
to provide which ecosystem services?

- How can we combine expert judgements with quanti-
tative data to assess landscapes® capacities to provi-
de ecosystem services?

- Is it possible to derive a general assessment metho-
dology, applicable and transferable to various areas
and scales?

2 Assessment framework

he basic idea of the assessment strategy is the

analysis of existing landscape data to evaluate
capacities to provide ecosystem services in a spatial
manner. In a first step, which is presented here, easily
available land cover data (like CORINE) were linked
to expert judgements about the different land cover
types’ capacities to provide various ecosystem servi-
ces. For future assessments, the successive integration
of quantitative data as well as further landscape attri-
butes and configurations are planned. With this paper,
we want to introduce and demonstrate the potentials
of spatial assessments of ecosystem services. At the
current state of application, the assessments are based
on a high amount of qualitative data and rather lar-
ge spatial units. Hence, generalizations of particular
habitat features are unavoidable. Nevertheless, we do
not assume that every part of a given habitat type is
of equal value with regard to its capacity to provide
ecosystem services, social values or management prac-
tices. This kind of information is planned to be gene-
rated during future applications. After that, results are
expected to provide statistical and spatial information
and illustrations (maps) which are useful for landscape
planning and environmental management. Conceptual
models and, in particular, spatially explicit informa-
tion, like maps, have a high potential to support the
understanding of complex systems and interrelations-
hips (Dresner 2008).
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2.1 CORINE /land cover classes as reference areas

The aim of the CORINE program of the European Uni-
on is to compile information on the state of the environ-
ment with regard to certain topics which have priority for
all member states of the community (EEA 1994). There-
fore, a geographical information system has been created
to provide information on the environment which is es-
sential when preparing and implementing community po-
licies. CORINE includes 44 land cover classes altogether
grouped in a three-level nomenclature into 1) artificial
surfaces, 2) agricultural areas, 3) forests and seminatural
areas, 4) wetlands and 5) water bodies (for descriptions
of the land cover classes, see Appendix 2 of this paper).
These classes (are supposed to) represent all land cover
types in Europe. The classes are clearly defined in the
nomenclature provided by the project (EEA 1994). One
task during the development and application of our as-
sessment framework in theory and in case studies was to
find out, whether these predefined land cover classes are
suitable and sufficient to represent the ecosystems and
land cover types occurting in our case study areas.

The geographical data in the European CORINE data
base have been converted to a European geographical re-
ference system and contain a minimum mapping unit of
25 ha. The national CORINE data bases are collected by
national teams and disseminated on demand by National
Reference Centres. The European CORINE data base is
the result of the integration of these national databases.
Datasets on a 100 metre grid, a 250 metre grid and a 1 km
grid are available at marginal cost respectively downloada-
ble for free from the EEA website (http://dataservice.
eea.curopa.cu/). For our studies, CORINE data in ESRI
ArcView polygon shape format were used. The vector
data have the advantage of being more spatially explicit
and it is easy to join the spatial data with ecosystem servi-
ces evaluation matrices in the related attribute tables.

2.2 Definition of ecosystem services

Based on the ecosystem services lists provided by de
Groot (2006), MA (2005) and Costanza et al. (1997) and
the list of ecological integrity components described by
Miiller & Burkhard (2007) and Miller (2005), a general set
of ecosystem services was derived. The individual servi-

ces are grouped in the four categories 1) ecological integri-
ty (supporting services), 2) provisioning services, 3) regu-
lating services and 4) cultural services. As cultural services
are very difficult to grasp and to value (MA 2005), they are
reduced to ,,recreation and aesthetic value* and ,,intrinsic
value of biodiversity*. The first term was generated be-
cause appropriate indicators like visitor numbers are easily
available; the second one because, in our point of view,
the lack of appreciation of nature and species diversity
as such (besides their contribution to human welfare) is a
considerable drawback in many of the available concepts
of ecosystem services. For definitions of the selected set-
vices and potential indicators for their quantification, see
Appendix 1 of this paper. The selection and quantificati-
on of appropriate indicators and data for the individual
ecosystem services are as crucial as the selection of the
services themselves. We have to be aware that the whole
analysis is a model of reality trying to reduce the comple-
xity of human-environmental systems in an appropriate,
logical and reproducible manner. Hence, generalizations
and simplifications have to be tolerated in order to receive
a holistic picture of complex systems.

2.3 Assessment matrix: land cover vs. ecosysten services

To assess different land cover types’ capacities to provide
ecosystem services, a matrix was created. On the y-axis of
this matrix, the 44 CORINE land cover types are placed.
On the x-axis, the 29 ecosystem services as defined in Ap-
pendix 1 are placed. At the intersections (altogether 1276),
different land cover types’ capacities to provide the indivi-
dual service were assessed on a scale consisting of:

0 = no relevant capacity, 1 = low relevant capacity, 2 =
relevant capacity, 3 = medium relevant capacity, 4 = high
relevant capacity and 5 = very high relevant capacity.

The assignments in Table 1 are based on first expert eva-
luations (conceptual and from different case studies) and
can be seen as research hypotheses which are to be tested
in further case study applications with data from measu-
rements, modeling or additional expert assessments. Table
1 shows concentrations of high capacities to provide a
broad range of ecosystem services for the different forest
land cover types, peatlands, moors and heathlands. Mo-
reovet, it reveals rather high capacities of many nature-
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Table 1: Matrix for the assessment of the different land cover types* capacities to provide selected ecosystem goods and ser-

vices (for definition of land cover types and ecosystem services see Appendices 1 and 2).
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Complex cultivation patterns
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Annual and permanent crops
Transitional woodland shrub

Road and rail networks

Port areas

Discontinuous urban fabric
Airports

Permanently irrigated land

Ricefields

Sport and leasure facilities
Vineyards

Mineral extraction sites
Non-irrigated arable land
Sclerophyllous vegetation
Sparsely vegetated areas
Burnt areas

Dump sites
Fruit trees and berries

Olive groves

Pastures
Moors and heathland

Broad-leaved forest
Coniferous forest
Mixed forest

Construction sites
Green urban areas
Natural grassland
Salt marshes
Water courses
Water bodies
Coastal lagoons
Estuaries

Sea and ocean

Salines
Intertidal flats
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near land cover types to support ecological integrity.
The highly human-modified land cover types, like
utban fabric, industrial or commercial areas, mineral
extraction and dump sites, have very low or no rele-
vant capacities to provide ecosystem services. Hence,
a pattern emerges which matches well with the results
one would assume. The application in case studies will
reveal, whether this matrix is applicable in real cases,
if the hypotheses can be tested with existing data and
if these proxies will lead to modifications. During this
»,maturing® process of the matrix, which has already
started with first case studies and will continue in fu-
ture, the whole approach receives a better foundation.
The matrix might on the one hand be seen as the most
innovative point of our concept, on the other hand it
seems to be the most vulnerable also.

2.4 Applications in case studies

Up to now, a similar assessment framework has been
applied in different case studies: i) related to the estab-
lishment of the biosphere reserve ,,.Schwibische Alb*
in southern Germany, ii) in boreal areas in northern
Finland with forestry and reindeer husbandry (Burk-
hatd et al. 2009a , http://joyx.joensuu.fi/ ~tkumpula/
clmirf), iii) in the German North Sea related to the ins-
tallation of offshore wind parks (www.coastal-futures.
org), iv) to assess the impacts of tourism on the Ger-
man island of Sylt (Schmidt 2008) and v) about the
rural-urban region Halle-Leipzig/Germany as part of
the PLUREL project (www.plurel.net). In the indivi-
dual case studies, relevant CORINE land cover classes
were selected from the whole set of 44 classes in a first
step. This means, only land cover types occurring in
the particular study areas were considered (e.g. there
are no olive groves in Finland). In a second step, the
list of 29 ecosystem services was checked for relevan-
ce in the particular study. It becomes obvious that in
some cases, the list presented here had to be supple-
mented by additional, case study-specific services. For
example, the provisioning service “food by reindeer
meat” is of such a high relevance for the case study
in northern Finland, that it was included as an indi-
vidual class in addition to the other groups. For the
study in the North Sea, ecological integrity parameters
had to be adapted to marine conditions (Burkhard et

al. 2009b). The data behind the assessments in the case
studies origin in modeling, statistical data or are based
on expert evaluations.

2.5 Further development and future applications of the
concept

In order to attain better access to suitable data in fu-
ture, a cooperation with the German chapter of the
Long Term Ecological Research (LTER-D) network is
planned. Different LTER-D sites were selected to be
representative for forest ecosystems, coastal regions,
agricultural areas, city regions and mountainous areas.
Thus, the main biomes in Germany can be covered and
exemplary assessments and calibrations of the assess-
ment tools can be carried out in the near future.

Besides a better data appliance, the integration of
further landscape components is the main target in fu-
ture. There are a) static features like elevation, slope,
soils, hydrology, vegetation data (more detailed than in
CORINE) and b) dynamic features like climatic and
weather conditions, land use technology improvements
or changes in land use intensity to be considered. This
will lead to a better consideration of spatial and tem-
poral heterogeneities of landscape features and values,
which are probably not suitably represented in the CO-
RINE classes.

3 Exemplary first results

To illustrate the procedure, we present selected re-
sults from the PLUREL project’s case study area
Halle-Leipzig in central eastern Germany (Fig. 1). In
this region, the main land use changes during the last
decades were related to urban sprawl, including hou-
sing and commercial areas and a change in agricultural
production patterns following the German reunificati-
on. Additionally, the region is characterized by open pit
brown coal mining areas often having been converted to
lakes after abandonment. Figure 2 shows the CORINE
maps of the region illustrating the land cover distribution
in the years 1990 and 2000. An expansion of discontinuous
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Corine land cover classes
I Continuous urban fabric
Discontinuous urban fabric
B Industrial or commercial units
Road and rail networks
1 Airports
I Mineral extraction sites
I Dump sites
B Construction sites
P Green urban areas
B Sport and leisure facilities
Non-irrigated arable land
Fruit trees and berry plantations
I Pastures
B Complex cultivation patterns
I Agriculture and natural vegetation
Il Broad-leaved forest
Il Coniferous forest
I Mixed forest
Natural grassland
Moors and heathland
B Transitional woodland shrub
[0 Sparsely vegetated areas
I 'nland marshes
Il Water bodies

o 20 40 Kilometers

Figure 2: CORINE land cover maps of the research area, showing the land cover distribution of 1990 (left) and
2000 (right) and the administrative borders of Leipzig, Halle, and surrounding districts.

e ante g —o 0 0 e il Sl v e e e e e gk, T R
© 2009 TALE-D. All rights reserved. www.landscapeonline.de ISSN 1865-1542 Page 8



B. Burkhard et al.

Landscape Online

Landscapes® Capacities to ... 15 / 2009

urban fabric and industtial or commetcial units around the
urban areas of Leipzig and Halle is visible during the ten
years period illustrated here.

3.1 Quantification of ecosysten: services

To give an example of a possible quantification of selected
ecosystem services, data on the provisioning ecosystem
service ,,food provision® were collected for the study area
Halle-Leipzig, covering the years 1990 and 2000. Table 2
shows respective data for the provision of crops, fodder,
livestock, capture fisheries & aquaculture, wild food and
total food (weighted and aggtregated) in GJ/ha land cover
type per year. For the calculation of a single value per land
cover type, statistical data about the crop composition in
% have been combined with harvest masses in dt/ha per
crop type (fruit, meat, milk, fish) and finally with the asso-
ciated energy values in GJ /dt. The results show an increase
in agricultural production in all classes except water bodies
(Table 2). The production data were classified according to

the same scale as in the ecosystem service provision matrix
(Table 1). Hereby, the maximum values were taken as refe-
rence values to represent the class ,,5 = very high relevant
capacity®. First, the classification was carried out for each
land cover type individually, resulting in a high valuation of
fish and wild foods in the land cover types water bodies,
respectively forests, in spite of the very low food provision
per hectare in comparison to the other land cover types.
In order to provide a general view of food provision and
to put the food providing land cover types in relation to
each other, the results of all food types were subsequent-
ly aggregated. Before doing so, a weighting between the
food types “crops” and “fodder” was necessary, as they are
both provided by the land cover class “non-irrigated arable
land”. For the weighting, each of the two food types was
included according to its share of cultivated arable land in
the respective year. Additionally, the energy in GJ/ha that
is provided by fodder was divided by ten because of the
lower energy value of meat in comparison to fodder crops
necessary to produce that

Table 2: Provisioning ecosystem service ,,food provision in the Halle-Leipzig region divided by types of food
and land cover classes and as weighted aggregation of all food providing services (Data sources: Saxon State
Ministry of the Environment and Agriculture 2001, 2003; KTBL 2005).
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meat. The classification of the aggregated food provision
service shows another picture than the individual land co-
ver type classifications.

3.2 Spatial distribution of ecosystem services

If we combine the data presented in Table 2 with the spa-
tial GIS data by joining the crop production data to the
attribute table of the GIS polygon shape file, the spati-
al distribution of ecosystem services can be displayed in
maps (Fig. 3). The increase in crop production is visible in
the darker areas.

0 -13Gjha)
13.1-26 Gjha )
26.1 -39 Gj/ha )
39.1-52 Gjha)
52.1-65Gjha) 40 Kilometers

To get an impression of the overall capacity for food pro-
vision, the individual food types in Table 2 were aggregated
to one class ,,food* and the same classification scale was
applied to the land cover types occurring in the study area.
Figure 4 shows the maps of food provision in the Halle-
Leipzig region in the year 1990 and 2000. The low food
provision capacities of urban and suburban areas, mi-
neral extraction and dump sites as well as forest areas
become obvious in both years.

0

1 (>0 - 13 Gjha)
2 (13.1 -26 Gj/ha )
3(26.1-39Gjha)
4 (39.1- 52Gjha)
5 (

52.1 - 65 Gjha) 0 20 40 Kilometers

Figure 3: Spatial distribution of the ecosystem service “crop provision” in the year 1990 (left) and 2000 (right) for the
region of Leipzig, Halle, and surrounding districts.
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0
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Figure 4: Spatial distribution of the aggregated ecosystem service “food provision” in the year 1990 (left) and 2000
(right) for the region of Leipzig, Halle, and surrounding districts.
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4 Discussion

he example of food provision in the Halle-Leip-

zig region demonstrates that a combination of the
hypotheses from the expert judgements (Table 1) with
statistical data (Table 2) is possible. The methodology
offers results showing clear patterns of ecosystem ser-
vice distribution. Comparable results were achieved in
the other case studies applying a similar methodology.
The application of CORINE land cover data from the
years 1990 and 2000 has demonstrated changes in the
case study region. Typical effects of urban sprawl with
increasing urban and commercial areas around the ci-
ties of Leipzig and Halle became visible. The conversi-
on of open pit mining areas into lakes is another com-
mon phenomenon in this region. Both developments
have impacts on the provision of ecosystem services.
But, the reduction of arable land did not cause a de-
crease in food production services. On the contrary,
improvements in agricultural productivity have caused
an increase in food provisioning services despite the
shrinkage of agricultural area. Therefore it was impor-
tant, not to look at spatial extensions of land use alone
but also on their intensities respectively productivities.
By modifying the spatial land cover and the production
data, future scenarios have been simulated in the PLU-
REL project. The simulations show that the trends
presented here are probable to continue in this region
for the next decades.

The question of suitable accounting units is still de-
bated. In the Halle-Leipzig study we decided to use
energy (GJ food produced per hectare land per year), a
rather neutral unit that nevertheless includes additional
qualitative information on the food supply in compari-
son to the mass unit dt/ha. Monetary accountings are
more value-laden and therefore trickier to apply. Addi-
tionally, market prices (e.g. for food) are strongly fluc-
tuating between years and countries hindering spatial
and temporal comparisons of monetary accountings.

The evaluations of the ecosystem services provision

capacities/land cover matrix (Table 1) are probably the
most crucial point in this methodology. So far, the as-
sessments are based on expert evaluations and experi-
ence from the case studies. As the material presented
here is a first attempt to develop, discuss and estab-
lish a new methodology, estimations and input data
were intentionally kept as simple as possible. With a
better data base and in a longer perspective, it is not
convenient just to count and to add different ecosys-
tem services, respectively the processes behind them.
There must be a weighting procedure which enables an
appropriate accounting of different components and
their relevance. Nevertheless, the assessment matrix
(Tab. 1) reveales interesting patterns of relations bet-
ween land cover types and their capacities to provide
ecosystem services.

The CORINE land cover types appear to provide a
suitable spatial and thematic reference, at least to start
the assessment with. As they originate from satellite
imagery, they represent the real situation at the earth’s
surface. The land cover which can be found there is a
combination of natural conditions and human action
(land use). Therefore, satellite data are a suitable base
for ecosystem services assessments. The idea of eco-
system services has been built on a comparable linka-
ge of natural conditions and human use/benefits of
them. Whether an additional spatial subdivision in ser-
vice providing units (Vandewalle et al. 2009) is advisa-
ble, has to be proven in further case study applications.
Certainly, the rough spatial resolution and thematic ge-
neralizations of the CORINE data are strongly limiting
the outcomes presented here. Especially if working on
the local or regional level, further data have to be in-
tegrated in order to obtain a better representation of
landscape and land use features.

© 2009 TALE-D. All rights reserved. www.landscapeonline.de

ISSN 1865-1542 Page 11



B. Burkhard et al.

Landscape Online

Landscapes® Capacities to ... 15 / 2009

5 Conclusions

\ X Jith this paper, we present a new methodology to

evaluate ecosystem service provisions of diffe-
rent land cover and land use types in relation to human
activities. One must bear in mind, that the assessments
and the table/map compilations have been mainly
based on expert judgements up to now. The successi-
ve substitution of these expert assessments by ,,real
or model data, constituting the major task and work
plan in future, will reveal whether this method and the
hypotheses made will stand or if they have to be mo-
dified. However, the assessment of the capacities of
different (eco)systems or land cover/land use types to
provide ecosystem services seems to be very promi-
sing, The coupling with GIS and spatial displaying of
ecosystem services® distributions in maps have a very
high potential for landscape analysis and management.

Maps of landscapes® capacities to provide ecosystem
services give an idea about potentials, possible conflicts
and limits in environmental management. The integ-
ration and analysis of further landscape data, like land
use information (types and intensities), biotic informa-
tion (additional vegetation data, fauna, habitats) and
abiotic information (soil types, elevation models, cli-
mate data, hydrological information), in the assessment
process open further opportunities. Figure 5 shows the
conceptual framework, including the current steps of
analysis (CORINE data, expert judgements and exem-
plary quantitative assessments), future integration of
additional data sources and further quantifications.

During the conceptual work on the assessment frame-
work and within our case studies it became obvious,
that the conditions, structures, problems, spatial and
temporal scales we want to address are more diverse
than expected. Impacts of land-use intensity on ecolo-
gical functioning often depend on spatial scales much
larger than a single field or land use (Zurlini & Girardin
2007). The land cover classes, ecosystem services and

Linkage to Modeling
Basic data Ecosystem Services Expert judgements Monitoring Results
Statistics
CORINE I Capacities to provide _ -
soumone |1 Ecosysiem [ | HiEShetl sy Quenttame
: ioration Services i
.. B T (S L Spatial and
Land use s Capacities to provide | . Statistic_al
| |\ | Hypothetical |al\| Quantitative information
Intensity data [—> Ecosy_stem E"| asessments \r> asessments on the
: Services capacities of
' different land
Biotic i Capacities to provide > o cover types to
inf i | Eraevatars I:_J Hypothetical /L> Quantitative provide
SIEQREIETON [—> Y m asessments [\ asessments | T ecosystem
Services :
= services
H Capacities to provide H h Q
| f ypothetical | uantitative
[—> Ecosy‘stem I:-| asessments \r> asessments
. Services
—

Figure 5: Conceptual framework to assess and quantify landscapes’ capacities to provide ecosystem services.
The dashed and dotted lines indicate the components presented with examples in this paper.
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respective indicators suggested here may not have the
capacity to cover all topics and scales in general. The-
refore, we suggest them as a core set of ecosystem set-
vices and land cover/use types with respective poten-
tial indicators. It is apparent, that CORINE data with
their coarse resolution of at least several hundreds of
metres do not have the potential to represent natural
conditions on a local scale. Therefore in the individual
studies, supplementary case study-specific ecosystems
and land cover/use types needed to represent the pat-
ticular circumstances at the individual study site have
to be integrated. Moreover, temporal dynamics and
processes taking place on different scales should be
taken into account. The same should be done for the
ecosystem services. Where there are further significant
components not being covered by the list presented
here, it is simple to include additional topics by integ-
rating further ecosystem services.

As main points open for discussion with regard to the
research idea presented here the following questions
emerge:

- Does the methodological framework add value to the
current research on ecosystem services and their
modeling?

- Are there appropriate data available to assess ecosys-
tem services in the way presented here?

- How can these data and information be integrated
and aggregated into indicators using which units?

- Is the list of ecosystem services sufficient and which
services can be quantified?

- Is there an appropriate way to weight the individual
ecosystem services with regard to their relevance?

- How can we cope with complexities of landscapes
with regard to spatial and temporal scales, hetero-
geneities and dynamics?

We are looking forward to respective discussions, com-
ments and questions about these issues in the future.
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List of ecosystem services with definitions and potential indicators (based on Miller & Burkhard 2007, de Groot

2006, MA 2005 and Costanza et al. 1997).
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rechanme can he l\.rrnn;::'_.' mfhwniced
by changes o land cover, incheding,
m partiodar, gdeerasons thar change
the wasr seomge potcnoal of the
systerm, such as the conmversion nf
wetlamds or che replicement af
forests with croplands or croplands

withs wrbuin sdisia

[Febrs pvalphle Bnrowich & ha
K / ha

Muimnbies o el | B
K] / ha

Plaz bicemass | ka
Al prminhbe f Ba

Kl / ha

Wewnl [ b

|-_| { ha

Winxl ar |||:||'.- lebsieing § ha

K]/ ha

Wond e [EEST Idvereass b
k| & ha

Apmovanl o elembes of kot

kg ha

| e im® b

Teiegesaraic, albodl, packipisloe, W il

Termperwure amplindes
Lyapnmanspiaoa

Sree-sink af waler vapomr,

rmharse, {200

Mumber af eesds causing damsages

Cipmmpibwancr rechan: mics
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Ecosystern service

Definition

Potential indicators

Air quahity regalaton

Lroshan regmalation

Mtricnt repialation

Warer purification

Pollination

Cultural services

Recrearion & acstheric values

Tnnsimeic valise of |_|i|'a|:":'\.l.|"bir!.

The capacity of  ecosystems to
remave toaic and other elements

frutm the atmosphere.

Sesretative cover plavs an AT
role in soill retenton and the

prevention of kndslide.

The capacity of cooaystemns i carry
ot (rejcyching of g ™, For

arthers

Ecosyerems have the capacity wo
purify wates but can zlso be a

source of imputkies o fresh water

Ecosyerem changes affect the
distribution, abundanes, and
effectavences of T\ullimrm:. Wind
and bees are in change of the
reproduction of A kor of culmre

plants

Refers speatically o lnndscape and
visnal qualitics of de resp. case
study arca [scenery, scenic beasty).
The benefit is the sense of beauty
people et from lookmg at the
landseape and relared recreational

benefits.

'T|'||, l\.':||'.||, af el :'||1|,| l|_'||,'|:§l:_'_l
themsebves, beyond economic or

human henefirs

Leat area mdex

Air qualiry smpdinsdes

logs esf sl parbeles by wind or
WHELT
VEEEMEOD Cover

M, P or other nutriene tassoves

rabes

Warer quality and quantiy

amount of plant produicts
dastmbution of plents

availafalicy ot pollinators

Mumber of visrors or Facilines

Creestinnmaires on personal

preferences

nuimber of endangesed, protecned or

Tare specees Or habitts
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Appendix 2

CORINE land cover — description of categories (from EEA 1994).

Code MWame Description

111 Continuous arban fabric Buildings, roads and arficially surfaced aress cover more than
B of the total surface.

112 Discontinuous whan fabric Buildings, roads and artficially swrfaced aseas cover beoween 50
and P ot the mial surface area; they are assocaied with

vegretaved areas and bare sodl.

121 Industrial or eomimerces] nnits Emire indasirial of commercial ecomglenes, including secess
roads, Im.ls.np._-.l Areds, Car ]'r;[k:, vwasreland e [r..!_g,
sanaturums, spa facibites, hospetals, rese bomes, mlimry bases,
educativnal esablishments, university sites, cominercial centres,

WaAre Waler fTearment ph.n:s.]

| ey Road and mif netoncks and Medorways and ratlloays, including associated installations
associnted land (statong, plathorms, embankeoents), Minimuom width: 100 m,
123 Pexre areas Infrasrrocure of port areas, inclodisg guays, dockvards and

merinas, Inland and maonne basine are noc incladed,

124 Airpors Airport installasons rumesays, buldimngs and associated land.
Biuilfings (offices, rerminal buildings, hangars, workshops,
warehouses, stomge tanks, car parks), prassed areas and

assoctated spaces are included 10 the wirport surfuee anca,

HES Minesal cxrraction sites Arcas with open pitcxreaction of constrecton mancrial
(sandipirs, quarnes) or other mineraks (open-cast mines), Inchades
flouded gravel pits, except for aver -bed extracton. This heading
includes buikdings and associawed industrial infraswreciure (e.g
cement factories) and small water hodies of less than 23 ha

crested by mining
132 Diunyp sikes Public, industmial or mine dump siges

133 COTELFUCEO 8iEes Spaces under construction development, soil or bedsock

EXCRVATICNE, EArThwnrks

141 Crreen urban areas Areas with VEQETATHIN orithan the urban fabric, inc:lm!lru_l. |'|L||'.|1r
rlﬂ.l'k‘.’i, PTIVITe FTEEIL ODCes, CRIMETEnes ‘|'I-'i|:|'| \'IJHI.'I:HI'J.LML, LL'|1L'I.

raanisions and their geoands

142 Sport and leisure facilities Camping gronmds, spos groddeds, leisure parks, golf courses,
mescnurses, efc, Includes formal parks not surrounded by urban

ansis.

211 Mon-rrigared arable land Cereals, lepumes, fodder crops, root crops and fallos land
Ineludes flowers und tree nurseres, vegetbles in green houses,

arcmatic, medicinal and culinary planis
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Mame

Dieseriprion

23

a1

k|

242

243

244

Permanendy iropsed lnd

Rice fields

Vinsvasads

Fruip tress and berry T||:r-:| wine

il wroves

[Pas hari=s

Annual crops associared with

[t ikl Chofh

Complex cul rranion pamerms

Agercoliuse and ssapaficant nacoral
VEJLETRTHIY ITHISAICE

Ao foresrry areas

B -l Foaree

Crpes omigaced permanentdy o pencdically, using & permanent
infrasiuciuee firfganon channeks, drsmge nereork), Mo of
theese erops cuul d mot be oulevsned wichour an amfelal waee
ull:r\l'.. [haes et inehele :,Emr:lilujll:\. wriprane Banal, EFrmklrr
irrpatien i ot ae be comeidered hoere, Ueldy B or sk

irngation technigues are m be mken o occoune

Land prepared fur oce culdvazion. Flar surfpces with irnpgmion
channels. Surfaces periodically fooded

Asris |:|;|||I|.'\-d with wines

Porcede r'hrll:ll with fruit frees 1 shrubis sngle or mesid Ines
lrnqir\-q, Fror ooe o= asenciared wth EH'I:r"l:I||:'|'|r-'|' prasses zurfaces

Inchades chesnur and walnut groves

Areas planved with oiive wrees, including mined occurrence of

alive rees and vines an che same |:|||.||.'n.].

Denie o goreer, o Floeal eomnipeiing, dominated by
gramitancar, ot wkhr 8 rotatin syeiem. Manby tor grosire
but the Fadder may be hareessed mechamcally, Enchades aneas
with hedges (hocage)

Mon-permanent crops (arable lind or pas wre) assocaied wich
PEEETIRSEE CHArs O Chie e padne. Papcidke il i
vrcharchs muixad wiih s - e wagied] anveal (i TE T Leis

than 29% 4 e ol srfsce aren

|umrapestion of small parcels of diverse sn mmal crops, pasrare
wndfor permanent crop, proaided char none of these thes
calepnaies covers an idennfishle sueface unn of more than 25 ba
within & snggie livd umt. Arable L||||:_r|.|l|l\.rr|: aited airchands sech
IHEUY ke gthan T30 of dthe bsal mmface grea of the urpt, Uiy
Fardems are mcloded in chis megore

Areas poncipally cocupicd by ggmoulnene, wespersed with
sigaiificant natural areas. Agricdmunal laod oocupies hetwesn 25
and T of ol ol sadeee of the unle ]'L.d.w.d [sieigge} ances

are cxelwlex] Promn this by

tmmml erops ne graging land vmder che wnoded cover nf
farestry species. This camegory sppears frequectly i Soutbern
Eurnpe. [t is vmmally linksd 10 very extensive sreas with a very
variable specrral sgnamre (different species, ree densiry, sod

ypes]

Vigemimmn tormation compeecd princpally of tooes, incloding
ebiruh amdd busk smderssopers, where beosd- leoved species
predomimate. Broad -leaved trees must represent mone than
three-quarters af the surface unir o this caregrry. Young
coppaes and young plentations belong o chis cansgar.
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Code Marme Diescriprion

51 oo furest ".'l\.p.lullml Parimancs Coimpesced precipally of ross, I|||.|u||||||;
shrub aml bush umlbersaneys, whese oonifers g
predumingse. Sarface planted with conifors mees reproscns ar
kasr 73% af the ool surfece of e ynit ofthoreisc, the enir =

amne ik mixed irest

i Illined frapest Vegegation formaton cnmpesed mooet pally of trees, inchafing

shrub arcd hosh undersinerms, whene mizcher hnod - lcaeal me
ronifEmes -.r-\-ri!- predoemra e This categney mehades nnt only

rremel Syproyk in the sirict slviculiural gemse (single trec or dues
e, b dlio coesgley boesse porcels compeiig: i
Ies cane enosaic of broadlesvod and someed BPUCHS Wi i

beenngeneoes saml of more tan 25 ha e be disingusbed

o Ml gresaliead Lisw v UCniviny il e shniated ln ascss ol Eisijzh,
uneven ground. Fregoendy mcludes modiy ansas, bios wmd
beeattfand. Lemgihi of ome durmg which animals can grase mos
b kenn theen 1310 dayps from June m ﬁrrr.'n-h:r

2 Blusors and heathland Yereaooo with lew and desed cover, dominssed by boshes,
haube and herhaccouy planes thewthe, hriare, broom, gone,

Inbrrrure, cic.)

123 Selerpbyloes vepesdbion Hushy selermbylls vegeiasion, mehuckeygr rbcpest dod g
134 Tremsroonal woodlamd shrah Bashy or hetbacecs vepreation with scattered trees Can

rrpresent ether winalland e prachition o Frrest repenensian
cokilmt. TS caspoey ibclackes s suldarn 1o ebhiain af
wihere plac healeh b giving cause for concern, and et wiich
ure teing uffocesnad

n Pizechis, doncs sed wands Teschios, duncs and expanscs O send Of pobhbes i cosstal o
aonnnentl lncstinns, nclkafeg baks of soream channels with
povrreniial reprme, Teaches must be g least 100 o wide po e
inchadicd, Sanch rinrbanks can be mcheded unle i ther

veeruey 7 b o e 'II.Jr:!'-cl'.r.n.-l. e by et vegee  Exbino

fnaeram praik, seckhe, couch prass, nceaes and Lches, soc)
bezbng i chibs canegorn

kL] Elase socke Soaee, IR, encks ourcrops, nclialng score encauos, eocks dod

peel flacs deaed above the higls waer mark,

333 Spassey Tipetibed abdis Tnnchuades stepeses, el and Leclels Binchindes siseral laigzh
whnimnde Sl whch arc B u.'_hu.'ll.Ll] 1FRLTY Do el

or lare melning, of snrw of ice cover {mounain sieppes)

i [hisritr dpeds Aivsa affecid by roccen fircs, sl malnly Hack.
EX k] Gilmcwers and pespeiual inow Lanpd covensd Ty EEMCIEES OF PECTisnEnl snrmthekts
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Code MName Drescription

411 Irland mershe: lfm'--'-'l;lrl!_g lagel uu.ml,lg.' flocsded in wiinrer and more or less
sarurated by yaeer all year roumd. Marches may be made up of
tiver o -borws, aecds in which waterways  shilt from their coutse,
dupn'.-':sinn-: whers the mund water ahle reaches the surdace
peemancntly or scasonally, or basims where tun off o drainage
water accumularcs, Inclades marshes adjacent m Ing-:'u':ns OF neag

rvers flowang ins logroons.

412 Peatbuys Pentland consisting mainly of decomposed moss and vegetable

marter. May of may not be exploited,

421 Salt mrslies Wepetabed low -Iving areas, above the lhgh tide line, susceprble
o flooding by sea warer. Citen in the process of flling m,
gradually bein g colonised by halophilic plants. Inchsdes estuary
marshes receiving fresh or brackish water

422 Salince Salr-pans, actve of i poocess of abandonment. Sectons of salr

marsh nplnnnl fiar the |'|n'u'|u:rin-r| of salt by E'.'.:.T:-nr.:l,inn.

423 [nrermktal flass l:jt-nu'rullg.' '.I.‘]'I.'-\'.-H_t.-r‘:‘l.l't‘\‘l EXHArISEE of mad, sand or rock Ig.'|n|.:

betaeen hih and low water marks,

1| Water cowrses Matural or artificial woter courses serving as water drainage

channeds, Includes canals, Minimum widech for inclusion: 100 m,

512 Water bodhes Matural or artificinl sireiches of wsier. Includes the water

surfaces of dams

521 Coastal bgoons Srretches of sale or brackish warer in coaseal areas which are
s.¢~|'|ar.:|:r:d trowm the sea by a tongue of land or other similar
tapography. These water bodies can be connected o the sex an
limmined poinTs, erthar p-urm.1nr.~n1."l.' or for parrs of thie vear nnl:.'.

Estuarine lagoons belong to thas cateypor.
522 Eetunrics The mauth of a river, withm which the dde chbe ane foaws

523 Sen and oeean Fomes weaward of the lowese dde limie
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