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Box 1
Ecosystem Services in the Toolbox
Regulating services Carbon sequestra�on

and Carbon storage

… (or net primary produc�on) models how much C
from CO2 (g C m-2 a-1) the biotopes take up from
the atmosphere (climate mitiga�on) (2.1.1.2)

Toolbox α

… informs on how much carbon (g C m-2) is stored
in the biomass of the biotopes

Toolbox α

Temperature regula�on ... models the cooling intensity (Kelvin or KWh) of
urban green spaces (soil-biotope units) during a
user-defined heat wave compared to sealed sur-
faces (2.2.6.2)

Toolbox α

Media�on of waste - PM10 … calculates how much par�culate ma�er with a
diameter of 10 μm is absorbed by the vegetated
surfaces (kg ha-1 a-1) (2.1.1.2)

Toolbox α

Flash flood regula�on … indicates the capability of spa�al units to retain
the discharge (m³) of a single heavy rain event
(2.2.2.1)

Toolbox α

Visual screening … calculates percentages of a buffer area where
an unsightly object(s) are screened from people`s
view (2.1.2.3)

Toolbox α

Maintaining nursery popula-
�ons and habitats

… es�mates the capabili�es of biotope types to
maintain nursery popula�on of birds as indicator
species (ranked by order)

Toolbox γ

Pollina�on … models the capability of biotopes to support pol-
linators (ranked by order)

Toolbox γ

Base flow regula�on … assesses the yearly quan�ty of groundwater re-
charge (mm a-1) of soil-biotope units that contrib-
utes to base flow maintenance of streams (2.2.1.3;
equiv. to 4.2.2.1 und 4.2.2.3)

Cultural services Recupera�on through physi-
cal interac�on with nature

… evaluates delineated complex areas, such as
parks, that combine characteris�cs of biotopes and
technical infrastructure in a way that, through ac-
�ve or immersive interac�on with nature, enable
recupera�on or enjoyment and promote health
(ranked by order) (3.1.1.1)

Toolbox β

Recupera�on through pas-
sive interac�on with nature

… evaluates delineated complex areas, such as
parks, that combine characteris�cs of biotopes and
technical infrastructure in a way that, through pas-
sive and observa�onal interac�on with nature, en-
able recupera�on or enjoyment and promote
health (ranked by order) (3.1.1.2)

Toolbox β

Aesthe�c experiences … evaluates delineated complex areas, such as
parks that combine characteris�cs of biotopes and
technical infrastructure in a way that enables aes-
the�c experiences (ranked by order) (3.1.1.4)

Toolbox β

Provisioning
services

Groundwater … assesses the quan�ty of yearly groundwater re-
charge (mm a-1) of soil-biotope units that can be
used for drinking or nondrinking purposes (4.2.2.1
und 4.2.2.3)

Toolbox γ

Cul�vated plants for nutri-
�onal purposes

... evaluates the site (landform, soil, climate, natu-
ral hazards) to repeatedly and sustainably bear edi-
ble plants (ranked by order) (1.1.1.1)

Toolbox γ



Which ecosystem services are covered by the toolbox?
At the current state, the ecosystem services indicated by a red circle are implemented, others are be-
ing prepared or currently developed (s. legend Fig. 1 and Box 1)

Fig. 1: Ecosystem services covered by the toolbox – now and in future

Provisioning Regula�ng Cultural Services
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How does the toolbox work?
Input: The toolbox models ecosystem services using geodata previously provided by the user in a map
data format (shape files). They cover important compartments of urban ecosystems (Fig. 2). To run the
models, the toolbox needs addi�onal non-spa�al parameters, which are either available in the toolbox
or have to be entered by the users before they run the model. The model output comes in maps and
in tables. Typically, the users does not look inside the heart of the toolbox, shaded yellow in Fig. 2.
Before running the models, he should have achieved a general understanding of the assessment tools
(e.g., by consul�ng the manual) to estimate if they are appropriate to the problem at hand.

Fig. 2: How the toolbox works
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We present the performance of the provisioning and regula�ng services in biophysical values, e.g. in
kg · ha-1 · a-1 (Tab. 1). The cultural ecosystem services are scaled in ranks. You get a visualiza�on of
where in your area a specific ecosystem service becomes manifest (Fig. 4 and 5). At the same time, an
integrated relative value informs on the overall performance of each ecosystem service (Fig. 5).

Fig. 3: Output-Maps

Tab. 1: Output table (example)

ES: Carbon sequestration
(kg ·ha-1 · a-1)
Number of polygons 7244
Minimum value 0.0
Maximum value 2915.0
Range 2915.0
Arithme�c mean 72.0
Median 0.0
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Fig. 4: From maps to standardized ra�ng of the overall ecosystem service performance of the total
area.

Table 1: Input Variables for the IMECOGIP-Toolbox – mandatory and optional

In general, the accuracy of the results depends on the specificity of the input variables, the assessment
model chosen and the spa�al differen�a�on of the input. For many countries, standardized land
use/land cover (LULC) classes or biotope types are available. As default data set, the toolbox offers EU
Urban Atlas for the reconnaissance level, the LULC of the RVR (Regional Authority Ruhr Area) and the
Urban Biotope Types on the detailed level for small scale analyses. The toolbox being an open system,
the users can adapt own datasets to their area of interest by either transla�ng their own LULC/Bio-
topes to the default ones or by tailoring their own database. In the latter case, they have to make sure
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that they provide the parameters needed to model certain ecosystem services, e.g., leaf area indices,
runoff coefficients that
appear in the table
among the secondary
variables.

The secondary variables
are those, which the
toolbox automatically
a�ributes to the preset
LULC classes or bio-
topes, and those which
the toolbox internally
calculates based on the
primary variables. A
third group is among the
secondary variables.
These are related to the
soil units.
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Fields of applica�ons
You can benefit from the toolbox in mul�ple fields of ap-
plica�on (cf. boxes 3-5).
• Screen your area and map the ecosystem services pro-

vision. Analyze its strengths and weaknesses. Assess
spa�al inequali�es and inequi�es. Jus�fy action plans
for enhancements.

• Monitor and document temporal changes in ecosystem
services provisioning.

• Compare planning variants and decide where and by
which measures to optimize your plan to let nature
work for the ci�zens’ benefit.

• Develop your own ecosystem services standards that
are specific for your city or region.

• Broaden the choice of sustainability indicators comple-
mentary to nature conserva�on requirements.

• Enhance participatory processes by making ecosystem
services transparent to the informed ci�zens.

• Supplement gains or losses in the stock of natural assets by considering ecosystem services.
• Plan nature-based solu�ons based on ecosystem services.
• Jus�fy and support funding applica�ons by highligh�ng the benefits of ecosystem services.
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The toolbox in comparison to other assessment tools for ecosystem services
• Open source GIS environment
• Some tools consider the interaction of soil-water-vegeta�on complexes
• Pre-installed land use/biotope and soil classifications for Germany and China
• Open for your own modifica�ons

o You can model your own biotope types or land use classes
o You can specify your own soils

• Applicable worldwide
• Scalable: adaptable to a variety of spa�al scales
• Fast processing
• Comes with a Manual

Contact

Prof. Dr. Harald Zepp imecogip@rub.de

Applied Physical Geography
Ins�tute of Geography
Ruhr-University Bochum

Universitätsstr. 150
44780 Bochum
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