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1. Abbreviations
AAMS

Add-On „Automatic Attribute Management System“

BM

Add-On „Biomass Module“

BMF

Add-on “Biomass from forests”

BMA

Add-on “Biomass from agriculture”

CA

Add-On „Cellular Automaton“

ES

Ecosystem services

FG

Foreground

F&S

Functions and services

GUI

Graphical User Interface

LSM

Add-On „Landscape Structure Module“

LUC

Land use/Land cover

OSM

OpenStreetMap

RU

Response Unit

WE

Add-On „Water erosion“
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2. Introduction
2.1.History
GISCAME is a community development of PiSolution GmbH (2007-today), TU Dresden (TUD), Institute
of Soil Science and Site Ecology (2007-2013), the Center for Development Research (ZEF)- University
of Bonn (2012-today), and Karlsruhe Institute of Technology- Institute of Meteorology and Climate
Research Atmospheric Environmental Research (KIT IMK-IFU, 2015-today).
GISCAME resulted from longstanding collaboration, ongoing development and integration of latest
scientific results. The ongoing contribution by experts of the ZEF and further scientific institutes, such
as the Helmholtz Centre for Environmental Research (UFZ), has been a key element for the
development. Regular workshops with users having daily practice, research institutes, and scientists
from Germany as well as from South-East Europe provide a good basis to continuously test the
software from a user-friendly and practice-oriented angle.

2.2.Users and fields of application
The fields of application vary according to the target group of users. So far, GISCAME has been
applied especially at research institutions. Its flexible, object-oriented structure allows the extension
and further development in many different research subjects. The following issues have been in the
focus up to now:
-

Simulation of land use change (manually or automatically with the help of transition
probabilities, simulation of time steps, intersection of data layers),
Investigation of land use change (integration of various driving factors, analysis of influencing
factors),
Evaluation of effects of land use change on the provision of ecosystem services,
Generation of maps of ecosystem service potentials,
Special analyses (estimation of soil erosion, impact of landscape structure, investigation of
biomass potentials), and
Support in policy impact assessment (simulation of planning and governance instruments,
participatory scenario development).

Another area of application is spatial planning. Regional planners, for example, focus on slightly
different purposes, such as
-

-

Timesaving simulation of planning scenarios and identification of the most beneficial
planning alternative(s),
Time saving in spatial planning by easy visualization of optimal planning scenarios in
participatory processes, or
Visualization of effects of spatial planning.

A third user group is municipalities. Their interest in using GISCAME lies in issues like
-

-

Support in consensus-building in planning processes
Cost-effective simulation of possible scenarios in early stages of planning processes
Identification of fields of conflicts
Communication support in civic involvements
13

Last but not least, educational institutions and schools can apply GISCAME
-

To support sensitisation regarding mechanisms of actions in ecosystems and landscapes,
To introduce of geographic information systems for children and young people, and

-

To facilitate playful knowledge transfer in „learning by doing“.

2.3.Handling
The handling of GISCAME is interactive and intuitive. The core of the navigation is the context menu
of the content management system. By right-click, many central actions can be triggered. The GUI
can be designed individually. Flexible windows can be arranged user-driven regarding number,
location, and size.
Additionally to the handbook, the menu item How to contains a short description of the process flow
of each tool. If you have any problem with GISCAME, which cannot be solved with the help of this
handbook, please consult us by writing an e-mail to support@giscame.com.

Regarding the handling of the manual only few following instructions can be made:
-

Italic written terms illustrate that exactly these terms can be found in the GUI of GISCAME.
Interlinked terms are defined in the Glossary at the end of the manual.
Bold written terms point out the central concern of a paragraph.

Highlighted terms, as well as cross-references of Figures, Tables, headings, etc., are interlinked.
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3. Data and requirements
3.1.Land use/land cover maps
Spatial data containing information on land use/ land cover (LUC) need to be delivered in a specific
format, which is compatible with the GISCAME interfaces. The data can be prepared in any
geographic information system. An example for this data format is illustrated in Figure 1. The
following characteristics are required for the LUC map:
-

Type of data:
Format:
Spatial resolution:
Thematic resolution:

raster
ASCII
cell size must be defined in the file in line five in meters.
between 5 and 200 LUC types is; ID 1 must be “water body”. ID -9999
must be “no data”.
Geographic reference: WGS 1984, UTM Zone 33 North (for Saxony, Germany). The Zone
might differ in dependence from the location of your region.

Figure 1: Example for ASCII-formatted land use/land cover data.

A definition of land use types (IDs according to the txt file of the map) needs to be provided in csvformat, which is compatible with most table calculation software (e.g. EXCEL). Please prepare a Table
with four columns (Table 1). Please provide the table without headings.
1st column:

Colour code as hexadecimal code (http://en.wikipedia.org/wiki/Web_colors).

2nd column:

short description (short name of the LUC class or abbreviation)

3rd column:

long description (full name of the LUC class or further specification)

4th column:

ID (identification number according to the map)

Table 1: Example for a LUC table.

0066FF Water body
Water body
1
FF0000 Dense urban
Densen urban fabric
2
FFA500 Loose urban
Loose urban fabric
3
FFD600 Very loose urb. Very loose urban fabric 4
ED82ED Big buildings
Big buildings
5
…
…
…
…
These data need to be implemented into GISCAME Definitions (chapter 5.2.2).
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3.2.Attribute layers
Attribute layers can be optionally implemented. Such maps contain specific information of the raster
cells and thus spatial explicit characteristics of the region. Examples are site conditions, such as
elevation, temperature, precipitation, etc. Attribute layers an also contain information of spatially
explicit planning instruments (e.g. priority areas for afforestation), on the legal status of cells (e.g.
ownership type, or nature protection status), or on local physical characteristics, such as infiltration
capacity or surface roughness.
The data must be prepared similar to the LUC maps (chapter 3.1, Figure 1). All spatial data must have
the same spatial resolution and the same geographic reference system (WGS 1984, UTM).
Some specific attribute layers are required to rum Add-ons (see BM and WE, chapters 9 and 14,
respectively). Other add-ons were developed for the management and merging of such attribute
layers (add-on AAMS).

3.3.Assessment matrix
3.3.1. Indicator table
Before you can define the assessment matrix in GISCAME (5.2.3), an indicator table (Figure 2 and
example in Table 2) might be prepared in spreadsheet software. The provision of the indicator table
is optional, but strongly recommended. It provides transparency and reliability for the user of
GISCAME. During the simulation of land use scenarios, the indicator table can be used as rational for
the resulting functions and services (F&S) assessment by showing for hiding it.

Figure 2: Example of an indicator table, which is shown during the simulation of a scenario.

In order to base the F&S assessment on indicators and to implement this table into GISCAME, the
following requirements need to be fulfilled:
-

At least one F&S is based on indicator values.
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-

Indicator values can be assigned to at least 50 % of the LUC types.
The indicator values cover the minimum and the maximum of the Region’s potential to
provide F&S.

Indicator values may origin from modelling, empiric data, or benefit transfer. If there are not
sufficient values available, you will need an assessment matrix, which is based on expert evaluation
(chapter 3.3.2).
If enough values are available, please conduct the indicator table according to the following
description:
-

-

List IDs and names of the LUC types in the 1st and 2nd columns (Y-axis)
Choose up to ten F&S, which should be assessed (e.g. on the basis of CICES, The Common
International Classification of Ecosystem Services, 2013, http://cices.eu/)
Type in the names of your F&S in the 1st row (X-axis)
Define suitable indicators, which describe the F&S, in the 2nd row
o Each F&S can have 1-5 indicators
o Weighting, if applied, factors can be documented. This detail can be defined in
GISCAME (chapter 5.2.2).
Type names of the indicator’s units in the 3rd row.
Fill indicator values column-wise in the matrix; values for each LUC type are required
o LUC types, which are not relevant for the services (e.g. urban fabric for erosion
protection), need to be left empty.

LUC types, for which no indicator value is available, need to be left empty. These cells need to be
filled by experts. The gaps will show you during the simulation process in GISCAME, which parts of
the assessment were based on measures or empirical data, and which were generated by experts
(see also Figure 2).
-

Save this worksheet as comma separated values (csv-format) and hold it for the definition
(see chapter 5.2.3).

Table 2: Example of an indicator table in csv-format, as is look in spreadsheet software in preparation for the
implementation into GISCAME. It lists indicator values for all LUC types and all F&S. Yellow marked cells indicate “not
relevant” or ”no contribution” to the F&S or “no indicator value available”.

ID LUC type

…
9
10
11
12
…

…
Hedges
Wetlands
Viticulture
Orchards
…

Wood
production
Yield
[m³/ha*a]
(at
age
100)

Food
and
fodder
Yield
[dt
/ha*a]

Soil
erosion
protection
C-Factor
(USLE)

CSequestration
[tC/ha*a]
of
standing
volume

Recreation
Landscape
aesthetics

…

…

…

…

…

Drought
risk
regulation
Transpiration coeff.
[l/kgTM]

Drought
risk
regulation
water
demand
[mm]

Ecological
integrity
Variety
of species, hemeroby

…

…

…

396

531

11

0

0

0

0

0

35

17

398

434

0

57

104

400

434

…

…

…

…

…

…
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…

…

3.3.2. F&S assessment matrix
The assessment matrix is a table, which comprises information on the potential of each LUC type to
provide each F&S. On the X-axis, 1 to 10 F&S are listed; the Y-axis contains 5-200 LUC types. Each cell
of the matrix contains a value between 0 and 100, which means “no contribution” or “maximum
contribution”, respectively (Table 4).
You need prepare the F&S evaluation matrix in advance of applying GISCAME. In the case that no
indicator values are available for a study region, it is possible to base the assessment matrix on
expert judgements. In this case, however, it is more difficult to make the assessment scientifically
sound and reliable.
In the optimal case, you are using the indicator table to generate the F&S assessment matrix. For this
purpose, the indicator values (see chapter 3.3.1), need to be harmonized by normalization. For this
step, it is essential that the minimum and the maximum value of each indicator are known. The
minima and maxima should be defined as relative extremes, which occur in the region. Equation 1 is
used for the calculation of normalized values. Now the indicator values are comparable at the
relative scale from 0 to 100. This is the basis for a comparative F&S evaluation.
Equation 1: Formula for the transformation of indicators (I) on a relative scale from 0 to 100 (Inorm) using worst and best
values of the indicators (Imin and Imax, respectively), where the best value is the one that contributes the highest potential
within a region to provide the respective F&S. The worst value, in contrast, represents the lowest potential among all
LUC types to provide the respective F&S.

This indicator table with normalized values might contain gaps, were no indicator values or even no
indicators for certain F&S were not available. An example is shown in Table 3.
Table 3: Extract of a normalized indicator table with gaps, which need to be filled by expert judgment, whereas USLE…
Universal Soil Loss Equation (factors dimensionless), recreation, and ecological integrity: completely expert-based
assessment; yellow marked cells: expert-based assessment required.
Wood
Food
production and
fodder
indicator

Soil
CRecreation Drought risk Drought
Drought
Ecological
erosion
Sequestration
regulation
risk
risk
integrity
protection
regulation regulation

harvest
harvest c-Factor [-] standing
[m³/ha*a] ( [dt /ha- (USLE)
volume
age=100)
1*a-1]
[tC/ha*a]

landscape
aesthetics

transpiration
coefficient
[l/kgTM]

water
demand
[mm]

mean
value
(50:50)

Variety of
species,
hemeroby

worst value

0

0

0,232

0

0

560

738

0

best value

285

102

0,000

443

100

173

328

100

1

0

52

70

61

42

50

46

ID LUC type
7

Fallow land

0

1

Waterbodies

0

9

Hedges

0

0

11

0

10 Wetlands

0

0

0

11 Viticulture

0

34

4

42

74

58

12 Orchards

0

55

24

41

74

58

13 Hop

0

89

0

41

74

58
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You need to choose the experts, which fill the gaps, on your own. These might be specialists for
single F&S. For example, biologists can be asked to assess the contribution of each LUC type to
regional biodiversity. In this context, also stakeholders can act as experts. For example, farmers
might assist assessing the contribution of different crops or management strategies to soil
protection.
Table 4 shows an example of a final F&S assessment matrix. This table must not have any gaps.
Please save this file in csv-format and hold it for the definition if GISCAME (chapter 5.2.3).
Table 4: Final F&S assessment matrix. The values were rounded to minimum intervals of 5ID

LUC type

Wood
production

Food and
fodder

Soil erosion
protection

CSequestration

Recreation

Drought risk
regulation

Ecological
integrity

1 Waterbodies

0

0

100

0

100

100

100

2 Dense urban

0

0

0

0

5

0

0

3 Loose urban

0

0

0

0

10

0

0

4 Very loose urb.

0

0

0

0

15

0

0

5 Big buildings

0

0

0

0

0

0

0

6 Sealed surfaces

0

0

0

0

0

0

0

7 Fallow land

0

0

70

0

70

60

65

8 Very dense urb.

0

0

0

0

0

0

0

9 Hedges

10

10

100

0

100

45

85

10 Wetlands

0

0

100

0

90

100

100

11 Viticulture

0

35

30

5

50

60

15

12 Orchards

0

55

70

25

50

60

15

13 Hop

0

90

50

0

30

60

15

14 Bare rock

0

0

0

0

20

0

100

Box 1: Importance of indicator selection of the final F&S evaluation.

The selection of proper indicators for the F&S evaluation is of supreme importance for the whole
application of GISCAME. According to the context of GISCAME application, the choice of indicators
can support various perspectives and different perspectives. Indicators must be applicable for as
many LUC types as possible.
Therefore, we strongly recommend applying indicators from validated, official, pre-selected
indicators for commonly used and agreed F&S types. Sources for such classification are for example
- The Common International Classification of Ecosystem Services (CICES), version 4.3 under
http://cices.eu/ , or
- Kandziora, M., Burkhard, B., Müller, F., 2013. Interactions of ecosystem properties,
ecosystem integrity and ecosystem service indicators—A theoretical matrix exercise.
Ecological
Indicators
28,
54-78.
(Further
information
under
http://www.sciencedirect.com/science/article/pii/S1470160X12003238).

3.4.Linear data
LUC data in GISCAME is generally raster data. This format entails the drawback that, depending on
the spatial resolution, information of small, linear elements can be lost. Streets and rivers, for
example, can have strong impact on the provision of regional F&S.
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In order to take this fact into consideration, the raster-formatted LUC data is combined with open
source linear data from openstreetmap (OSM, www.openstreetmap.org). The application of OSM
data facilitates in depth landscape structure analyses and allows better orientation in the maps.
OSM cover the whole world. An advantage of OSM data is that it is regularly updated. Therefore,
newly developed streets or railways are certainly included in the simulations. The OSM data can be
obtained using a special module, the so-called OSM4GISCAME. The instructions how to use this
module can be found in chapter 5.1.
Figure 3: Illustration of LUC map extract without OSM data (left), according OSM data (middle), and combination of LUC
data in raster format with OSM data in vector format.
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4. Registration
A registration for GISCAME is possible after contracting the company PiSolution GmbH
(info@pisolution.de). Once all contract-wise questions are cleared, you have received login and
password for both, OSM4GISCAME and GISCAME.
In order to use OSM4GISCAME, visit http://apps.giscame.com/osm2pimp/local_osm.php. Enter your
login, password, and captcha code. For further steps, see chapter 5.1.
In order to use OSM4GISCAME, visit http://apps.giscame.com/. Enter your login, password, and
captcha code. For further steps, see chapter 5.

Further information on GISCAME, its features, reference projects, related publications, etc. are
available at the official GISCAME website www.giscame.com. You can directly access the website by
clicking at the GISCAME symbol top right at the front page of GISCAME software. If you have any
question or feedback, please do not hesitate contacting the development team by mail
(support@giscame.com).
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5. GISCAME setup
5.1.OSM4GISCAME
LUC maps and attribute layers have raster format in GISCAME. Depending on the spatial resolution,
information on infrastructure might be lost due to generalization processes. OSM4GISCAME is
software which provides linear data from an open source portal (openstreetmap,
www.openstreetmap.org). This data comprises
-

streets (4 categories, increasing in size and impact from small district road to highway),
railway network (streets category 5), and
rivers (5 categories with increasing size and impact from creeks to streams).

Information on the infrastructure helps during the work with GISCAME to orientate in the map and
they also support some spatial analyses, such as landscape structure assessment (see chapter 12).
OSM4GISCAME is used to bundle spatial data.
In order to connect LUC data with the current infrastructure of your region, all spatial data (LUC maps
and attribute layers) must be implemented in OSM4GISCAME. This software creates a zip-container,
which is to be imported into GISCAME. Before using OSM4GISCAME, LUC data as well as attribute
layers need to be sent to support@giscame.com to be implemented there. The support team
compiles a so-called project, which will be listed under Map options projects. Clicking into the
check boxes listed under each project illustrates available data layers in the OSM world map.
OSM4GISCAME can be found under http://apps.giscame.com/osm2pimp/login.php. After
registration and login procedure (see chapter 4), you will find a map of Europe as pre-selection
(Figure 4). Under Map options, you can switch the continent and illustrate available projects and
maps.

22

Figure 4: Start GUI of OSM4GISCAME. This module is used to merge raster data with current infrastructure in vector
format.

Top right of the front page, you can switch languages. German (de) and English (en) are available.
Besides Map options, further menu items are available. These are explained in the following:
Grid size (m)

describes the extent of grids in the window, which you can create in order to select
the region, which should be exported. Change the number of meters and click on the
check mark to actualize the grid.

Zoom

You can zoom in and zoom out with the help of the eponymous menu item or by
scrolling with your mouse up to zoom in, or down to zoom out.

Export

In the case your model region is situated within a larger database, it might be useful
to export additionally boundary cells. These will not be visible in the following
GISCAME analyses. But it is an option to reduce the boundary problem. Select your
project from the drop down menu. Now all available LUC maps and attribute layers
are offered for selection (check boxes). Give the export a name and start the export.
Depending on the size of the region, this might take few minutes.

Search

Allows you to search cities by name and to set a marker. This supports orientation.

Export overview provides a list of exports you did so far. In the case you have added new attribute
layers or LUC maps the project, you can update the zip-container. You can also delete
or download older folders.
Change password offers the option to change your personal password.
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Logout

…to close the session.

Pleas select your region (location and extent) including attribute layers and produce a zip-container
using the menu Export. Hold the folder for the import into GISCAME (chapter 5.3).

5.2.Menu item Definition
5.2.1. Process flow
In order to run GISCAME, some definitions need to be made in advance. Figure 5 gives an overview of
mandatory and optional steps. Two core steps need to be done, the definition of LUC types (chapter
5.2.2) and the definition of F&S (chapter 5.2.3). Both parts connect the spatial representation (map)
and the graphical F&S assessment. Additionally, further information can be used to specify
interactions of raster cells mong each other (proximity effects, see chapter 5.2.7). Also attribute
layers (chapters 3.2 and 5.2.6) may influence the potential provision of F&S.

Figure 5: Process flow of the menu item Definition.

5.2.2. Land use/land cover
The preparation of LUC data is described in chapter 3.1. There are two ways to implement LUC data
in GISCAME. First, the csv-interface allows importing complete tables (second row in Figure 6). This
might be the fastest way to define your LUC types. For this purpose, select your file and press Start
import. Using the icon with the small disk, you can store the LUC definition under a self-chosen
name.
Second, each LUC class can be defined manually right within GISCAME. For this purposes, choose
NEW in the drop down menu on the top of the window (Figure 6). In the field count land use types
you can choose in another drop down menu, how many LUC classes your data have. The number of
classes can range from five to 200. You can click the check box colour to receive colours suggestions
roughly following the LUC order of the CORINE Land Cover level 3 classification
(http://ec.europa.eu/agriculture/publi/landscape/about.htm). Note that after storing the LUC
definition no additional LUC types can be added. However, dispensable LUC classes can be cancelled
later on.
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After the LUC types are defined, all fields (colour code, LUC name, description, IDs) can be edited
afterwards. To change a name or a code, click into the respective field. Change the name and click
finally save to store your changes. Please note that changes in the LUC definition will affect all
existing maps, which rely on the definition.

Figure 6: Definition of a new LUC set within GISCAME. Each field must be filled manually.

5.2.3. Functions and services
F&S stands for ecological functions and ecosystem services. Depending on the application purpose,
process-based, normative, or economic criteria can be evaluated. In GISCAME up to 10 F&S can be
evaluated at the same time. For defining how many, which, and how F&S should be evaluated, also
two options are available; the csv-import and alternatively the manual definition.
The csv-import is the fastest way to implement the assessment matrix. Define a template and fil in
the F&S assessment values following three steps:
1)
2)
3)
4)

Define the number of F&S using the drop down menu (parameter count)
Fill in names of the F&S
Define the F&S set name and save it using the small disk icon.
Click at template .csv and store the template.
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5) Open it in your spreadsheet software and fill in assessment values. These might be derived
from indicator values, expert assessment or the like. Save the completes assessment
matrix.csv.
6) Now, go back into GISCAME-Definition, search for this file in your local computer under CSVimport and press the button start import.
7) As a result, your assessment matrix is filled with values. Do not forget to save it.
Subsequently, you can manually change each assessment value manually, if needed.

Figure 7: Implementation of the F&S assessment matrix using the csv-import. First, the template must be defined
(template.csv); second, the table can be uploaded (“Durchsuchen”; import values).

The second option is to manually define F&S assessment matrix. The following steps must be done
(see also Figure 8):
1)
2)
3)
4)

Select the number of F&S to be assessed.
Type in names of F&S.
Type in the assessment values on a scale from 0-100 into each single cell of the table.
Name the F&S set and save it using the disk icon.

5.2.4. Indicator table
In addition to the assessment matrix, we recommend providing an indicator table, which explains
the assessment values of each F&S – LUC – combination. The provision of an indicator table is
optional. It has the advantage that the whole evaluation process becomes more transparent, as
names, units, and values of applied indicators are visible later on. For this import, a csv-formatted
indicator table, as described in chapter 3.3, is required.
Before you can import the prepared indicator table, a template must be defined. For this purpose,
please do the following steps:
1) Specify the number of indicators that you use for each F&S with the help of the drop down
list (Figure 8).
2) Choose create template.csv, store it and open it with your spreadsheet software.
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Figure 8: Specification of the indicator table template.

3) Fill in all indicator values into the template, save it and upload the table using the indicator
editor (Figure 9). Here, you have several editing options. You can search for the prepared
template (Durchsuchen) and upload the template.csv. Now, the indicator table appears.
Choose the colour you like and skip empty columns in order to reduce the size of the table, if
you want. Refresh updates the illustration. You can save or delete the indicator table or
download it to your personal computer. The indicator table will be visible during the work
with GISCAME later on.

Figure 9: Implementation of the indicator table using the csv-import. First, the template must be defined; second, the
table can be uploaded.

The image of the assessment matrix is available during the work with GISCAME. To get an impression
of the matrix image, click at the word matrix image (Figure 10). Assessment values, which are
underpinned by indicator values, are highlighted in red. Click at the highlighted valued and you will
get insight into the indicator table.
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Figure 10: Illustration of the F&S assessment matrix using the matrix image. Values, which are based on indicators, are
marked in red. Click on these marked values to get the figure of the indicator table.

5.2.5. Time axis
The time axis represents an option to modify the assessment matrix according to expected or
experienced changes of indicator values in future or in the past, respectively. If you have, for
example, a time series of indicator values or expert evaluation for your F&S in a future t+x, time axis
facilitates a comparative assessment of the different points in time.
In order to define such a time slot, the matrix might be filled manually or via csv-import (chapter 5.3).
Press save as time axis to store this definition. All time axes are listed in the drop down menu time
axis (Figure 11). In the land use change simulation (6.4), results analysis (6.4.4), and results export
(6.5), time slots can be compared.

Figure 11: Definition of time an axis.

5.2.6. Environmental influences
Environmental influences can only play a role, if attribute layers were imported beforehand. This
option allows defining how cell attributes reduce the region’s potential to provide F&S.
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First, select which LUC type is affected by an environmental influence. Second, choose in the drop
down menu, which attribute layer affects this LUC type. Third, define the value range, which affects
the performance of a LUC type regarding the provision of F&S. Fourth, describe verbally the causeeffect relationship. We strongly recommend using this option in order to make the assessment
replicable. Finally, please select which F&S is/are affected by the environmental influence. The
maximum potential of each LUC type will be reduced by the percentage that you type into the
respective field. Click active to apply this definition to you region. Figure 12 illustrates an example.
You may actualize an existing definition (save), save a new definition (save as), or delete a definitions,
which are not needed anymore. Be aware that deleting definition affects all simulations, which are
based on this. Invert has the effect that you switch selected and not-selected LUC types. All is the fast
way to select all LUC types.
The environmental effect can be turned on or off during the LUC change simulations under Work
(chapter 6.4.3).

Figure 12: Example of environmental influences, which reduce the potential to provide F&S.

5.2.7. Proximity effects
Proximity effects can also play a role, if no attribute layers were imported. This option allows defining
how neighbourhoods of LUC types reduce the region’s potential to provide F&S.
First, select, which LUC type is affected by neighbours. Several (or all) LUC types might be chosen.
Second, select the LUC type, which influence the firstly defined type(s). Third, the maximum potential
of each LUC type will be reduced by the percentage that you type into the respective field. Finally,
you can optionally describe the reasons for the evaluated relationship between the two LUC types.
We strongly recommend using this option. Click active to apply this definition to you region. For an
easier understanding, Figure 13 illustrates an example.
You may actualize an existing definition (save), save a new definition (save as), or delete a definition,
which is not needed anymore. Invert has the effect that you switch selected and not-selected LUIC
types. All is the fast way to select all LUC types.
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Figure 13: Example of proximity effects (neighbourhood influences), which reduce the potential to provide F&S.

5.3.Menu item Import
In this item of the main menu, you can upload your zip-container which comprises all spatial
information of your region. Before uploading this folder, you have to select the LUC type definition,
which belongs to your map. Click OK after you have selected LUC definition and folder. The system
detects, if there are ID in the map, which are not specified in the LUC definition.

Figure 14: GUI of the import menu.

Your attribute layers might have special names according to its date, the developer, or whatever.
Please select the respective file, which corresponds to the pre-defined attribute layer choice. In the
case your layers are not among the listed options, choose new in the drop down list to define a new
layer type for GSCAME (Figure 15). When you have finished this, give the region a name and click
save as to store the region. There is the option to save as private map. This means that other users
will not be able to see your work. You can decide later on to share your region (context menu 
share). However, sharing your region is irreversible.
Now the Import is finished. LUC changes can now be simulated in the menu item work.
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Figure 15: In the case a layer that you want to import is not suggested in the list, define a new layer name. Select this
option from the drop down menu.

5.4.Menu Item Rules
5.4.1. Introduction
The menu item Rules allows you to specify LUC planning and environmental rules. These
specifications limit the flexibility of LUC change according to planning targets or observed effects.
The rules can be applied in the course of manual (participatory) scenario development working with
the Map Editor (see 5.4.8 , 5.4.9 and 6.4.2).
Planning rules can give a more realistic estimate of which LUC changes are actually possible in a
landscape. The idea behind this additional rule set is to communicate and to illustrate, how narrow
the real radius of planning actions in reality often is. Planning rules allow controlling of LUC type to
type conversions as well as LUC conversion determined by neighbour cells (neighbour lock) or linear
elements (attribute lock). Desirable trends or LUC shares can be specified.
In addition, environmental rules can limit conversion of LUC with regard to attribute layers (e.g. soil
properties, elevation, slope, precipitation, or other site characteristics), which can be implemented in
GISCAME.
The planning and environmental rules help to communicate, why a scenario can be developed in a
specific way and which restrictions limit the freedom of LUC change. Several types of restrictions can
be defined. They are presented in the following sub-chapters. In order to start this process, open the
menu item Rules in the main menu and select the LUC set of interest (Figure 16).
HINT: As long as no rule is specified, all conversions are possible. As soon as a rule is
formulated for one LUC, only the conversions into the specified target LUCs are allowed;
other conversions are forbidden.
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5.4.2. Planning rules: Type-to-Type
The type-to-type rules limit the choice of LUC change simulation. Generally, each LUC can be
converted into every other LUC in GISCAME. With the application of a type to type rule, selected LUC
can be converted only into those LUC, which you define.
Figure 16 shows an example. According to a “forest conversion strategy” (=rule name), six selected
tree species were selected for specific conversion rules. While spruce can be converted into every
other tree species, the conversion of Maple is more restricted: this tree species can only be
converted into five specific target types. The rule setting in the example follows a forest conversion
strategy, which identifies target forest conversions in the context of Climate Chang adaptation. The
type to type rules define conversion permissions. At the same time, all other LUC are forbidden as
target LUC of a conversion. For example, the conversion of these six tree species into non-forest LUC
is forbidden, because only forest types are defined as target LUCs.
The following hints are worth knowing for the application of type to type planning rules:
-

Stored rules can be selected from the drop down menu under the menus item type to type.

-

Add LUC contains a list of LUCs, which can be selected source type for formulating a rule.

-

Target LUCs and be added or deleted by clicking at the button edit targets.

-

Rules can be stored (save as), updated (save), renamed, or deleted.

Figure 16: Storing a new type-to-type restriction, which allows the conversion of selected forest types (left) into specific
other forest types. The conversion into any other LUC is forbidden.
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5.4.3. Planning rules: Neighbour locks
The neighbourhood locks specify conversion restrictions and permissions in dependence from
adjacent cells. Like in the type to type rules, a conversion of a cell from one LUC into another is only
allowed, if the defined LUC is located adjacent to a selected LUC. Regarding the example in Figure 17,
the conversion of the LUC “oak” is only allowed, if the neighbouring LUC is one of the selected crop
rotation types (selection by mouse click into the check box).
For the selection of neighbours (or in the case of type to type rules: target LUCs), you can
-

Select all LUC (=standard setting in GISCAME),

-

Invert the selection (selected LUCs are unchecked; unchecked LUC will be selected instead),

-

Recover the last stored setting, or you can

-

Delete this selection by clicking at the small cross icon (see lower part of Figure 17).

Figure 17: The conversion of a cell is restricted according to its neighbouring LUC.

5.4.4. Planning rules: Attribute locks
This rule setting offers the opportunity to take linear elements into account, e.g. rivers and streets,
which might be decisive when it comes to LUC change considerations. In the example, the LUC
“spruce” can only be converted, if it is situated along small streets or rivers (Figure 18). Reversely, it
is forbidden to convert spruce, if it is located along big streets or rivers. As the rule has not yet been
saved in the example, the options save as and save are highlighted in red.
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Figure 18: The LUC „spruce“ is only allowed to be changed, if it is situated along small streets and rivers (classes 1 and 2
are highways and federal streets or large streams, respectively).

5.4.5. Planning rules: Trend
The option trend allows you to define development tendencies or goals regarding the share of LUCs.
First, you can specify a share for a LUC, which should be reached (=), exceeded (≥) or undershot (≤).
Second, you can specify a general tendency, meaning the share of a LUC generally should be constant
(=), decrease (-), or increase (+).
Referring to the example in Figure 19, the settings can be interpreted as follows:
-

The share of beech should be more than 5 %. Generally, the share should increase.
The share of oak should increase.
The share of spruce should decrease to 10 %. Generally, the share should decrease.
The share of maple should be more than 5 %. Generally, the share should increase.
The share of pine should decrease to 10 %. Generally, the share should decrease.
The share of birch should be constant.

Figure 19: Development trend for some forest LUCs have been specified. In this example, shares of LUCs were specified,
which should be reached in a scenario simulation, and/or a general increase or decrease (+/-) have been defined.
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In the case the rule definition involves the danger of logical conflicts, an automatic routine will draw
your attention to this potential problem. Two examples are illustrated in Figure 20.

Figure 20: Possible conflicts were detected.

5.4.6. Planning rules: Notes
Notes were implemented to record the intention of you rule settings. Here, you can describe
reasons for the rules, or any comments, which are helpful for the interpretation of the expected
results.

Figure 21: After rules have been defined, notes should be taken, which support the interpretation of rule effects in the
scenario development.

5.4.7. Planning rules: Check
The rule check discovers potential rule conflicts. This check can be seen as logical support.
Suggestions might be taken into account in order to avoid dead ends in the scenario development. If
all formulated rules do not contradict, the check will reveal a positive feedback (Figure 22).
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Figure 22: The planning rules have been checked for logical conflicts.

5.4.8. Application of planning rules
The planning rules offer a range of options, which restrict the freedom of LUC change simulation. You
can apply them during the manual scenario development working with the Map Editor. In order to
apply the planning rules, a rule set needs to be selected from a list entitled PR (=planning rules) in
the head of the Map Editor. In Figure 23 the “forest conversion strategy”-rules are selected. Now,
you can use the Map Editor Toolbox to convert the LUC (cf. 6.4.1). Once your rules affect the
simulation, a window opens, which indicates that a rule fault occurred. The number of affected cells
is mentioned. The application of the rule causes in this example that 27,719 cells have not been
converted.

Figure 23: Rule fault. 27,791 cells were not converted.

The view “Rule Faults”, as indicated in the report window, can be accessed using the layer icon in the
Toolbox (
). The last layer in the list is called rule faults. By clicking on this name, all cells, which
have not been converted due to rule restrictions, are highlighted in the map in red (Figure 24). More
detailed information can be obtained by moving the mouse cursor onto a red patch. As illustrated in
the bottom left of Figure 24, an information window will open, which identifies the rule that has
affected the cells, and LUC, which are available for LUC change simulations according to this rule, are
listed.
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Figure 24: Rule faults are visualized. Each conversion conflict contains information on (i) which rule was neglected and (ii)
which conversions are actually possible.

Next to the list of planning rules, there are two more buttons, info and check. While info shows the
notes you have taken within the definition of the rules, check gives details of rule faults in the
current map with regard to the trends and tendencies defined in the trend definition (5.4.5).

Figure 25: The Map Editor offers the options to review your notes (info) and your trend performance (check).
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5.4.9. Environmental rules
Environmental rules are taking attribute layers (cf. 3.2) into account. Cell attributes can be used to
formulate LUC change restrictions. The procedure for the formulation of such a rule is the following:
1) Select a LUC source type from the list.
2) Select an attribute layer from the list, which affects LUC change simulation.
3) Select the target LUC, into which the source type should be changed.
4) Add a description. This might be a rationale or additional information.
5) Save the rule (save as) or update an old one (save).
Figure 26 gives an example, which can be interpreted as follows: Spruce (source LUC) can only be
converted into beech (target LUC), if it is located at an elevation below 500 m above sea level. The
rationale behind in this case would be that spruce in this region naturally only grows above 500 m,
where the site conditions are appropriate for the plant (lower temperature, more precipitation).

Figure 26: The definition of an environmental rule taking into account the attribute layer elevation (digital elevation
model DEM).

5.5.Menu item Transfer
This menu item is only visible for users who have the administrative rights. Under Transfer you can
export or import evaluation sets (assessment matrices) in a dtrf- format. This option is not of interest
for the standard use of GISCAME. It becomes interesting, for example, if a new GISCAME version
comes up. In this case, time can be saved in the setup. The evaluation set comprises the assessment
matrix as well as neighbourhood effects and environmental influences.
The transfer option in this special file format is also available in the add-ons AAMS, BM, CA, and LSM.
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5.6.Menu Item How to
The main menu item How to provides a brief overview of the main steps to be done when you are
working with GISCAME (Figure 27).

Figure 27: How to use GISCAME in brief.

5.7.Menu item MyGISCAME
In this menu item you can define some basic settings for the work with GISCAME. It consist of two
sub-menus, Attribute visualization and Data logger, where
-

you can specify, which data should be logged during your work with GISCAME (data logger),

-

you can select a colour scheme, including threshold setting, for the attribute layer mapping
(attribute mapping), and

-

you can develop individualized colour schemes for your attribute layers (Colour gradient
editor).

Figure 28 shows the GUI of the selection regarding the colouring of attribute layers using attribute
visualization. First, select an attribute layer from the list (left).
Second, select a colour scheme from the next list. If you do not define your own colours, standard
will be applied to your attribute layers. Pre-processed colour schemes are illustrated in Figure 29.
They are illustrated in the same form, like the map legend will look like later on in the mapping
exercises.
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Figure 28 (left): Attribute layer legend selection.

Figure 29 (right): Pre-defined colour schemes are standard, grey, green-yellow-red
(GYR), and red-green-blue RGB (f.l.t.r.).

Because pre-defined colour schemes might not fit to your attribute layers, you can create own colour
schemes using the colour gradient editor. Here, you can edit existing colour schemes, or develop a
new one. To edit a scheme, select one from the list and change its properties using the options add
colour, reverse, and invert. Figure 30 shows the GUI of the add colour feature. By clicking at the add
colour button, one colour is added to the list below. Maximum 256 colours can be added to one
colour scheme. You can choose a specific colour either by clicking at the target colour in the Colour
Picker window, or you can move the controllers for red, green, and blue, which all colours are
composed of (RGB colour system).
After you have selected the desired colours, you can change their order using the small arrows next
to the selected colours. Each colour can be re-arranged or deleted (using the small cross button next
to the arrows). The order can be turned around using the reverse button. They can also be inverted
using the invert button. With the preview button you can see how the result looks like in a legend
bar.
You can save your work as new colour scheme (save as) or update an old one (save). In the case you
do not need a scheme anymore you can also delete it (next to save).
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Figure 30: With the help of the colour gradient editor you can add or change colours.

Finally, the colour scheme can be adapted for the usage for classified attributes. This means that you
can distinguish and visualize for example spoil types, ownership types, risk classes etc. You can enter
names for each class (colour) depending on the attribute values under Attribute Mapping. In Figure
31 an example is shown, which distinguishes two classes of an attribute layer “slope”. These are
steep slopes (>15°, ID of the ASCII-formatted text file = 1) and the rest (slope <15°, ID of the ASCIIformatted text file = 0). Maximum 50 class names can be defined. Do not forget to save your edits.
In the case you do not enable the fixed value mapping, colours will be assigned automatically and the
legend will refer to the IDs, which are delivered with the ASCII-formatted text file (attribute layer, cf.
3.2).
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Figure 31: Adding legend descriptions to the colour scheme.

The definition specified in Figure 31 will be mapped in the work modus of GISCAME. Using the Map
Editor Toolbox icon view (
), the attribute layer can be selected. Figure 32 shows the slope map,
which highlights steep slopes of >15° inclination.
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Figure 32: Attribute mapping visualized in the Map Editor.

The Data logger has been developed to track steps, which have been done in the course of a scenario
development. Choose from a list which options are important for you to be documented (Figure 33).
The options have the following meanings:
-

enable logging:
start logging
LUC conversion count number of LUC conversions in the course of scenario development is
documented
LUC conversion types LUC classes, which are converted during scenario development, are
documented
Selected tools
applied tools from the Map Editor Toolbox are documented
Restriction rule faults if the scenario development entails conflicts with rules, which have
been defined under Rules (cf. 5.4), these conflicts will be reported.

Figure 33: Data logging options.
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The data logger report can be accessed from the Map Editor by clicking at the document-symbol on
the top left of the Map Editor window (Figure 34). This documentation is valuable for the
transparency and replicability of a scenario development.

Figure 34: Protocol of the data logger accessed from the Map Editor.
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6. Menu item Work
6.1.Process flow
One the setup of GISCAME is finished, a variety of analysis options is offered.

Figure 35: Basic GISCAME workflow and additional options to extend and refine the study.

6.2.Organization of maps
The organization of maps follows a strict hierarchy of a filing system (Figure 36). Basic Import (BI) is
followed by the initial condition (IC). From this point, you can select a simulation area (SA), which is
the basis for LUC change scenarios (SC).
The basic import is the result of the imported zip-container. You can change LUC cells, patches, or
RUs in the map, for example, in the case that you notice that the map in some point does not
correspond to your personal observations or that you need to fill data gaps.
The initial condition is the result of this process. It represents then a reference status of the region.
Based on this reference, focus areas can be selected as simulation areas. Also the whole region can
be defined as simulation area. In order to do so, you should use the toolbox. The filing system
contains some additional information concerning date and user, who stored the file. You can store as
many parallel basic imports, initial conditions, simulation areas, and scenarios as you want.
Additionally, information on the date, when the scenario was created and the name of the user, who
created it, is listed in the filing system.

Figure 36: The filing system in GISCAME has a hierarchic tree structure. From the highest hierarchy, the basic import (BI),
several initial conditions (IC) can be derived. Based on this, several simulations areas (SA) can be derived. LUC changed in
the maps are stored as scenarios (SC).
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6.3.Context menu
At the different hierarchic levels in the filing system, different menu items can be found in the
context menu. Depending of the administrative rights, it is composed individually (Table 5).
Table 5: Overview of features of the context menu.

Context menu item
FG
My only
Include hidden

New initial condition
New simulation area
New scenario
Hide
Recover

Rename
Load scenario
Notes
Analyse
Export
Add-On
Delete

Description
Is located on the top of the filing system. FG is the abbreviation for
“foreground”. Click on the icon and the filing system will be visible to its
full extent.
Is located on the top of the filing system. Click on my only and then the
refresh-button (round arrow). Now only files, which you have created, are
visible.
Is located on the top of the filing system. Click on include hidden and then
the refresh-button (round arrow). Now all files, including shared files from
other users and formerly hidden files, are visible.
Opens the map editor. Before storing an initial condition, you can adapt
the map with the help of the toolbox. You can change LUC types, fill data
gaps, set a focus area (see area select, Table 6).
Opens the map editor. Use the area select tool to set a focus area (see,
Table 6). When the whole region should be object of investigation, apply
the full size icon and save the simulation area.
Opens the map editor. All tools from the tool box can be applied for a
scenario development. If available, you may also apply add-ons like CA,
BM, or AAMS (see chapter 7).
This option allows you to exclude basic imports, initial conditions,
simulation areas, or scenarios from the filing system. Hidden files can be
recovered.
To recover hidden files, first you include hidden and press the refresh
button (round arrow), both icons can be found on top of the filing system.
Hidden files appear now with a grey colour. Click on recover in the context
menu.
This menu item enables you to change names of all files. You are only
allowed to change names of your own files.
Loads the already stored scenario. The map editor and the F&S evaluation
windows open up. You can change the existing scenario or create a new
scenario from this basis.
With the help of this menu item, you can open a text editor and type in
some notes regarding your simulations, e.g. background, purpose LUC
changes, exact amounts of LUC changes, probability of the scenario, etc.
Opens a window with various download options, which are described more
in detail in chapter 6.4.4.
Opens a window with various download options, which are described more
in detail in chapter 6.5.
Includes a list of all add-ons, for which you have user-rights. The single
add-ons are described more in detail in chapter 7.
Deletes basic imports, initial conditions, simulation areas, or scenarios
irreversibly. To delete high level files, you have to delete all existing
scenario etc. first. You are only allowed to delete your own files.
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6.4.Simulate land use/land cover change
6.4.1. Map editor and toolbox
LUC change scenarios can represent simulation of future or past conditions of a region. They might
involve land cover change, land use change, or changes in indicators and therefore changes of the
assessment matrix. It is strongly recommended to involve stakeholders into the scenario
development to be sure that the simulations reflect actual facts of planning or research. LUC changes
can be conducted in the following ways:
-

Using the basic GISCAME toolbox
Using AAMS (see 7)
Using the BM (see 9)
Using the CA( see 11)

The latter three options are described in the respective sub-chapters. This chapter focusses on the
technical capabilities of the Map Editor in the GISCAME core system. There are three main features,
the LUC map, a scale bar, and a toolbox. Each feature is located in a movable window. The map can
be increased or reduced in its extent (see Table 6).
The scale bar contains information on the zoom factor (ZF), which represents the zoom level. It
furthermore supports orientation by providing information on distances (without bracket) and the
cell size of the LUC map and all attribute layers (within brackets, Figure 37).

Figure 37: Example of a scale bar.

The toolbox in the basic GISCAME is composed of a number of icons. In Table 6, the use of each icon,
from top left to bottom right is explained.
Table 6: Overview of functionalities of the toolbox.

Image
1st row of the toolbox, from left to right:

Name, description
Sector
LUC change of one grid cell. Left-click on a cell and
choose a new LUC type from the drop down menu.
Flood fill
LUC change of one patch. Left-click on a cell and
choose a new LUC from the drop down menu. All
connected cells of one LUC will change.
Flood2border
LUC change of a part of a patch.
Draw a line through a patch. Click into the part, which
should be changed and choose a new LUC.
Type fill
Changes all cells of one LUC, which you choose.
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Freehand
Paint a new patch into the landscape. Draw a shape
and choose the new LUC from the drop down menu.
River
Introduce rivers by drawing them into the map.
Choose a size of the river (1 to 5 = creek to stream).
Or delete a river by clicking at one and remove it.
Remove all deletes all rivers of the map.
Street and rail
Introduce linear infrastructure by drawing them into
the map. Choose a size of the street (1-4= small to big
street, meaning municipal road to highway; 5=railway)
Or delete a street or railway by clicking at one and
remove it. Remove all deletes all streets and railways.
Green Element
Create green elements (e.g. hedge rows) by drawing
them into the map. Delete one by clicking at it and
remove it. Remove all deletes all green elements.
Area select
Apply your analysis for a focus area. Generate a focus
area by left-click and then move your mouse into any
direction. A rectangle will occur.
- You can define its extent (width and height refer to
number of cells).
- Define its position by typing coordinates (x- and yPosition) or moving the frame by hand.
- Full size applies the focus to the whole region.
- Set focus excludes all surrounding area from the F&S
evaluation.
- Clear focus cancels the focus area.
- Edit map allows you to change LUC within the focus.
- Save as allows you to store the frame (name, extent,
position) for later use. It will be listed in the drop
down menu.
RU view
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RU view
If you click in the toolbox at the RU icon, a list of available RU-Attributes occurs. Select one or more
attributes, which should form together with the LUC a RU. Click on a cell/patch of interest in order
to find all cells, which have the same combination of LUC and attribute (remain to one RU).
An information window will occur, showing the number of affected cells. When you hold the cursor
on a RU, an information window shows the LUC and the attribute values. In the example it is the
LUC spruce combined with reserve areas for nature (vbg_natur) and low slope (0).

These RUs can be edited in order to create a LUC change scenario. Clicking on RU off makes Flood
fill, Flood2border, and Type fill applicable to selected RU. When you click again on RU on, this
feature is inactive again.
Click on the round arrow (clear image) in the second row of the toolbox to return to the LUC map
view (this could take a moment).
2nd row of the toolbox, from left to right:
Undo
One step back: The last LUC change which was simulated will be changed back.
Redo
One step forward.
Reset
Removes all changes until the last stored simulation.
Current
Jumps forward to the latest change you made.
Clear image
Removes all superfluous notifications in the map editor.
Info on/off
When you remain with the cursor for a moment on one point of the LUC map,
additional information, which is available for this cell, is displayed. Click info off to
removes these notifications. Use the icon again to show the notifications again.
View *
Shows all available attribute layers in a list. Click on the name of the layers in order to
illustrate it in the map editor. All layers can be illustrated, but not edited (with the
exception of OpenStreetMap editor, see below). Images and attribute layer data can be
exported (cf. chapter 6.5).
The last four points of the view list have the following special
functions:
- OpenStreetMap view: illustrates the OSM map.
- OpenStreetMap editor: see next paragraph under the
table.
- Initial land use: Shows you the LUC map in its initial
situation (without any LUC changes) for comparison.
- Rule faults: illustrates conflicts regarding planning and
environmental rules (cf. 5.4)
To switch back from the illustration of any attribute layer or potential map to the LUC
map, click on land use (first item in the view list).
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Zoom –
Shrinks the map extent to the half.
Zoom +
Increases the map extent to double size.
Save
The disk icon allows saving a scenario. Give it a name
in the save scenario window and click on the disk
icon. If you do not want the scenario to be seen by
other GISCAME users, choose private. You can
update an existing scenarios using the disk icon with
the small red arrow (overwrite).
*The features of “view” are further explained in the following.

The layer icon in the Map Editor toolbox has the name view (cf. Table 6). The second from last
offered layer in the list provides OpenStreetMap editor. This editor offers special features to edit
streets, rails, and rivers. In order to do so, choose in the toolbox (first row) the icon street and rail (or
river). Select the OpenStreetMap editor from the view list. Depending of the map size and amount of
linear elements, it could take a while until the new map is illustrated.
Now linear elements are highlighted in the map (Figure 38). Edit street and rail, for example, by
clicking into the map. A new small context menu, in the example entitled street/railroad opens. It
offers the following four actions:
1) Draw a street or railroad into the map and select Street level 1 (district road, smallest road)
to level 4 (highway, biggest road), or a railroad.
2) Remove: Select a street or railroad segment from the map by clicking at it. Then click on
remove to delete it.
3) Remove all streets and railroads from the map to assess the F&S performance without these
elements by clicking at the eponymous button.
4) Show/hide all streets and railroads. This feature is not connected to the F&S evaluation. It is
for illustration purposes only and shows the map without streets and railroads.

You can also choose to edit rivers and green elements. Choose the according icon in the Map Editor
toolbox. Then click into the LUC map. The small new context menu and its features are similar to the
one explained in the paragraphs above with regard to Figure 38.
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Figure 38: OpenStreetMap editor and the according context menu to edit streets and rails.

6.4.2. Create a scenario
After the import of the model region (chapter 5.3), you can start to develop scenarios. However,
before you can simulate land use changes, an initial condition as well as the simulation area needs to
be defined. The first step towards a scenario is the definition of the initial condition. Please click on
the region’s name in the filing system and choose new initial condition in the context menu.
Map Editor, Toolbox, and scale bar will open. In the case there are data gaps or actual LUC changes
are not shown in the map, you can change the LUC accordingly. With the help of the area select tool,
you can define the extent of the region you want to analyse. Finally save the initial condition using
the disk icon (Figure 39). Private means that only you will see the initial condition in the following. If
you choose this option for now, you have later on again the option to share your work. The scale
selection is offered especially if you work with very large regions, which do not fit on the monitor.
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Choose a scale reduction to reduce the map extent. This is only an optical reduction. The data
management and assessment results will be identical.

Figure 39: Create a new initial condition as basis for all following simulations.

On the basis of the initial condition, you need to define a simulation area, which can focus on a
certain part of the region. Use again the context menu and choose new simulation area (Figure 40).
Then select a map extract or choose the whole region with the area select tool (set focus) and save
the simulation area.

Figure 40: Create a new simulation area on the basis of the initial condition.

Following the same procedure again, define a scenario. At the scenario level, the F&S evaluation, as
well as analyses, and export are carried out. Land use change simulations are carried out at scenario
level. The application of add-ons also refers to scenarios.
For the manual scenario development (if applicable, together with stakeholders), planning and
environmental rules might be applied (cf. 5.4).
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6.4.3. Evaluation
The evaluation of F&S takes place in a separate window, which is movable, like the Map Editor. Start
the scenario evaluation in the context menu using the item load scenario (cf. 6.3). The Map Editor
and the Evaluation window open.
1) Both, Map Editor and Evaluation window can be minimized using the following symbol in the
head of the window: [-] If you wish to work particularly with the Map Editor and not with the
Evaluation for now, you can check the box “minimized on start”, which is also located in the
head of the window. The effect of this feature is that by loading a scenario only the Map
Editor will open. The Evaluation window will be minimized on the top right of the monitor.
2) Before the first F&S evaluation can be illustrated, please choose an evaluation set, which you
have defined previously under Definition, from the drop down menu. Then click at the icon
with the round arrow (refresh-button) to update the evaluation. Now the radar chart is being
calculated. It illustrates the performance of the region concerning F&S (Figure 41).
3) Next to the drop down menu with the evaluation sets, a check box called AC (auto calculate)
is located. When you click on this field, all LUC changes in the map editor will entail a new
calculation of the F&S radar chart. If this box is not active, you can make several changes in
the map and actualise the evaluation manually using the refresh-button. This saves
calculation time during the scenario development, if wanted.
4) The button Info provides an image of your assessment matrix. It can be displayed, hidden,
and moved. If there was an indicator table uploaded, evaluation values which are
underpinned by indicators are highlighted. By clicking at a marked number, the indicator
table will be illustrated for information.
5) On the top right of the evaluation window, proximity effects (see chapter 5.2.7) and
environmental influences (see chapter 5.2.6) can be turned on or off. This requires again
some calculation time. Once the calculations have taken place, you can rapidly switch the
influences on and off and track the effects in the radar chart and also in the list of F&S below
the chart.
6) Concrete numbers regarding the F&S evaluation are listed below the radar chart. When you
simulate LUC changes, positive changes (increase of F&S provision) will be illustrated in green
numbers; negative changes (decrease of F&S provision) in red numbers.
7) The export of the evaluation image (radar chart in png-format) and numbers (ES evaluation
in csv-format) is possible by clicking at export.zip. You can save the files on your local
computer.
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Figure 41: Evaluation window.

8) The icon, which is located above the list of F&S and the assessment values in numbers, shows
a schematic bar chart. It offers information on the shares of LUC types in the maps in
hectares and percent (Figure 42).
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Figure 42: Shares of LUC typed in percent and hectares.

9) Another illustration option is the potential map. They show the spatial distribution of the
region’s potential to provide F&S (Figure 43). Click at the F&S name in the radar chart or in
the F&S list below to switch the map view from LUC to potentials. To switch back from
potential map to LUC map, use the view in the tool bar and select land use.

Figure 43: Example for a potential map, which illustrated the potential to provide ecological integrity.
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6.4.4. Analyse results
This item of the context menu allows you to make a comparative evaluation of F&S. In the first
window, which appears, you can make three selections,
-

Select one or more scenarios,
Select whether the scenarios should be illustrated in single diagrams or all-in-one, and
Select which assessment set should be applied for the analysis in the drop down menu on the
top right.

Now one or several radar charts are displayed (Figure 44). On the bottom left you can find a small
icon, download.zip. Here you can download both, the image(s) of the radar charts including
legend(s), and csv-formatted tables with the results in numbers.
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Figure 44: Analysis of several different scenarios in one radar chart.
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6.5.Export results
The menu item export results provides the GISCAME interface with other software. You can select
from a list, which content you would like to export and which format is desired. Table 7 gives an
overview of data and formats which are available, and offers options, where the output can be used
afterwards. Click the desired check boxed and then on the export icon on the bottom. You will
receive a zipped folder which contains all files. Download and open or save the folder for further use.
To unpack its contents, you need a converter, e.g. WinRAR (free download from www.winrar.com/download).
If you want to export F&S evaluation results (radar chart, potential maps etc.) it is essential to select
the according F&S set.
The comparative F&S evaluation can be exported directly from the analysis (chapter 6.4.4).
Table 7: Exportable data and further use options.

Data to be exported
Images in various resolutions
- LUC map
- All attribute maps
- Streets and railway map
- River network map
Details
- LUC shares
- Notes
Functions and services
- Maps of F&S potentials including legend
- Radar chart with F&S evaluation,
Neighbourhood- & environmental influences, if symbol (° or
*) is listed.
- Assessment matrix, definition matrix
Maps
-

Format
.png

Use options
Reports

.png,
.csv
.txt

Reports/
documentation

.png
.png
.txt
.png,
.csv
.ascii

LUC
All attributes/layers
Streets and railways
River network

Definitions Export possible within Definition or within Add-Ons
- LUC classification including Colours, IDs, names, description
- Specifications of Add-Ons
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.csv

Geographic
Information
Systems

Spreadsheet
software

7. Add-On Automatic Attribute Management System (AAMS)
7.1.Introduction
LUC maps can be refined in GISCAME with additional information. Such information can be
integrated in spatially explicit maps, using the so-called attribute layers. Cell-specific properties of
the LUC maps are coded with IDs in these layers. The Automatic Attribute Management System
(AAMS) assists the user joining LUC data and attribute layers for scenario-development.
The attribute layers can contain any spatial data of interest- soil types, amount of annual
precipitation, planning restrictions, or other LUC data obtained from different time slots. With the
help of the AAMS, it is possible to:
1) change the land use map depending on the information provided by the layer; and
2) create new attribute layers with combined information from two attributes.

7.2.Data
LUC data are the essential basis for land use change simulation in GISCAME and are managed as
raster data. Each grid cell has defined extent, colour, and LUC type.
So-called attribute layers contain spatially explicit information on cell properties. In addition to the
LUC type, these attribute layers provide further information. Such information is not mandatory for
land use change simulation, but the AAMS offers the option to refine the simulations using attribute
layers.
Like the LUC maps, the attribute layers are imported into GISCAME using OSM4GISCAME software
(cf. manual OSM4GISCAME). They need to have the same geographic reference like the land use
map. The spatial resolution might vary.
The content of the attribute layers can vary depending on what are the driving factors of your
simulation. Some examples are listed in Table 8. The sources of the attribute layers can be derived
from field work, from modelling, from public data (e.g. free available satellite data), state
administrations, or from regional planning authorities, for example.
Table 8: Examples of attribute layers.

Name

Description

Elevation
Digital elevation model
Precipitation
Mean annual precipitation
Temperature
Mean annual temperature
Priority area for Number of priority areas for
afforestation
afforestation, designed by regional
planning authority
Discharge paths Preferential discharge paths of water
>4ha
which are in danger of rill erosion
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Value Range

Unit

88-902
542 - 1010
4.3 – 9.1
1 - 510

m
mm
°C
-

Resolution
[m]
100
1000
1000
100

1-47

-

25

The AAMS can only be used if attribute layers exist. In case you have additional, spatially explicit
information available in the form of attribute layers, please send it to support@giscame.com as
ASCII-formatted txt-file formats for the incorporation into the OSM4GISCAME software (cf.
OSM4GISCAME manual). In OSM4GISCAME a list of available attribute layers is offered. Select those,
which are of interest to your study. If you miss a layer, or if you want to integrate additional data
later on, you can update former exports as well as your map in GISCAME.

7.3.Starting the AAMS
1. Log in to your GISCAME account.
2. Choose the scenario you want to work on in the filing system
3. Select AAMS under the context menu item AddOn.

If AAMS is not available, the licence for it probably is missing. Please contact support@giscame.com
to get an offer for it.

7.4.Menu Item How To
How to provides a short instruction how to use AAMS (Figure 45).

Figure 45: Brief instruction of AAMS usage und How To.

7.5.Menu Item Definition
Before you can work with the AAMS, you have to define, which layers should be joined. Under the
menu item definition, you can create a new definition or modify/update an existing one using the
drop down menu (top left, Figure 46). It is also mandatory to add a description (For example: which
layers are combined? what is your aim?). Click save to proceed.
Under the drop-down menu you will find the option to import or export definitions made in the
AAMS, in order to interchange them among different GISCAME versions. To export a definition, press
the eponymous button. You will receive a zip container (“download.zip”), which includes a file called
“export.aamsdef”. Only definitions with this special format can be used for the import in AAMS
definition.
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In the example Figure 46, the logical AND-operator was applied. This suggests that only cells which
have both properties (left and right operator) will be taken into account. Alternatively, you might
also choose the OR-operator. In this case, all cells which have one “or” the other property will be
taken into account. Logical operators are commonly used in many programming languages and
hence, in many software. To get familiar with the function, have a look at
https://proofwiki.org/wiki/Definition:Logical_Connective.

Figure 46: Create a new definition in the AAMS

Regarding the left operand, you can choose between an attribute layer and LUC, which should be
combined with another attribute layer (right operand).
For a further refinement, additional restrictions can be implemented in the lower part of the window
under restrictions. In the case you have chosen attribute layers, these might be applicable only to a
certain value range. In Figure 46 for example, a restriction was made, which restricts the application
of the rule set to LUC types, which are situated under or at 500 meters elevation. Further restriction
can be made using the mathematical symbols “smaller than”, “smaller than or equal as”, “is exactly”,
“bigger than or equal as”, “bigger than”, or “is not”.

a) LUC type – attribute layer - combination
In the example above, you can combine the property LUC type “spruce” and the attribute layer
“height”, which represents the DEM, with the AND-operator. This operation suggest, that in the next
step
1) you can change cells of the LUC type “spruce” into any other, if the cell also has the attribute
“≤ 500 meters”, or
2) you can generate a new attribute layer, which includes all spruce stands below 500 meter
(which have both properties, LUC = spruce, and attribute = ≤ 500 meters). This new layer can
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be further used in GISCAME for scenario development. Alternatively, it can be exported it via
Map Editor into another geographical information system.
In order to apply the new definition “forest conversion”, you have to go to the menu item work.

b) Attribute- attribute- combination
Instead of the “LUC type- attribute layer”- linkage (Figure 46), you can also combine two attribute
layers in order to join the two layers for further use. When you define under definition that two
attribute layers should be connected and you saved this definition, you are able to identify all cells in
the land use map, which are affected by both attributes. An example is shown in Figure 47. “Priority
areas for nature and landscape” (Plan_VBG_Natur), and “Preserve areas for nature and landscape”
(Plan_VRG_Natur) are combined using an OR-operator. The AAMS identifies all cells, which have one
of the attributes. Similar to the first example, now
1) you can change the land use type of all affected cells, or
2) you can generate a new attribute layer, which combines these two attributes for further use
in GISCAME or in other geographical information systems.
The land use change is carried out in the menu item work.

Figure 47: “Priority areas for nature and landscape“ (top left) and “Preserve areas for nature and landscape” (bottom
left) are combined in the AAMS to a new attribute layer (right image).
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7.6.Menu Item Work
Select the rule, which you want to apply from the drop down menu under the menu item Work.
Following the first example in Figure 48, 1108 cells are affected, because they have the two
properties “land use = spruce” AND “attribute = height ≤ 500 m”. The output map of the Add-On
shows the exact location of the affected cells (Figure 48).
Now you have two options, (1) changing LUC, or (2) generating a new attribute layer.

Figure 48: Working interface of the AAMS. The user has two options including: 1) changing land use of the marked cells
or 2) generating a new attribute layer, which combines these two cell properties.

7.6.1. Changing the LUC
To change the LUC of the marked cells, select the target LUC from the drop down menu on the
bottom left und replace LUC (Figure 48). If you additionally select focus, the conversion will only take
place in the pre-defined focus area (definition in the Mad Editor). In the example, “beech” was
chosen. By clicking [OK] on the bottom left, the LUC change will be simulated in the AAMS. Below the
map, the option transfer to Map Editor allows you to analyse the simulation regarding the
performance of F&S in the GISCAME Map Editor (Figure 49).
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Figure 49: A land use change simulation was carried out with the help of the AAMS. Spatially explicit planning
instructions were realized virtually to assess the possible impact on the provision of ecosystem services or other
assessment criteria.

7.6.2. Multiple LUC conversion
A special LUC change simulation can take place, if a LUC map was implemented as attribute layer.
Here, the options operand, L, and R are relevant facilitate multiple LUC change simulation in
combination with attribute restrictions.
Precondition for the use of this option is that you have an attribute layer, which contains a LUC map
with has the same IDs like the LUC map of your project. One example might be CORINE Land Cover
data from 1990 (as attribute layer) and 2006 (as LUC map). I this case, choose the first row of the
drop down menu “LANDUSE” and clock on operand. If CORINE 1990 is the left operand, click “L” (see
example in Figure 50); if it is the right operand, click “R”. As a result, the complete LUC map will
change from CORINE 2006 into CORINE 1990. This map can then be transferred to GISCAME Map
Editor for F&S analyses.
Additionally, you could choose an influencing attribute, which specifies, that only specific areas,
which are defined in another attribute layer, should be affected by this change (see chapter 7.6.1).

Figure 50: Multiple LUC conversion is possible, if a LUC map was implemented as attribute layer.
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7.6.3. Generating a new attribute layer
To generate a new attribute layer, fill in the name (long and short) of the new layer and click [OK] on
the bottom right (Figure 51). Your newly generated attribute layer can be found as attribute layer in
the GISCAME Map Editor.
If this combination of attribute layers and or land use type exists already, the warning message
“attribute already exists” will pop up. This caution suggests that a new combination with a new name
ought to be defined.

Figure 51: Generating a new attribute layer which contains all cells, which have both cell properties, “VRG Natur” from
the attribute layer, and the land use type “arable land”.

7.7.Export
There is no special menu item export available, because land use changes are realised directly in the
GISCAME Map Editor and generated attribute layers are also listed in the Map Editor, from where all
layers and results can be exported.
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8. Add-on Animation
8.1.Introduction
The Animation add-on is the latest development in GISCAME. It enables the user to conduct flytrough animations or overviews of rotating three dimensional (3D) landscapes. Animations before
and after LUC change simulations might be compared and presented to stakeholders or decisionmakers in order to provide a better impression of the landscape. The menu item How To offers a
short instruction.

8.2.Menu Item Work
In the menu item Work, several conditions need to be defined before creating an animation (Figure
52). Firstly, the layer, which should be illustrated in 3D needs to be selected. This is preferably the
digital elevation model (DEM). However, you can also choose any other attribute layer, which you
would like to illustrate in 3D. For this manual, we concentrate on the 3D illustration of the
landscapes’ elevation.
In a second step, you can change the superelevation. Depending on the research context and on the
landscape, you can change the pre-selected factor of one. If you want to illustrate elevation
differences in very flat landscapes, it might be helpful to use a superelevation by factor two or more.
Additionally, various categories of streets and rivers can be implemented optionally in the animation.
Skin describes the colour of the landscape (/attribute layer)- surface. In our example, we use the LUC
colour definition.
Finally, two formats can be produced, .avi (“Audio Video Interleave” is a video container format,
which can be downloaded and store on your local compute) and .gif (animated “Graphics
Interchange Format “, which will be stored online), respectively.
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Figure 52: Settings in the Add-on Animation, menu item Work.

In a last step before the animation can be produced, the modus of landscape illustration needs to be
set. You can apply one of the following options:
1) Set a focus point, which the flying camera will look at. Just click on the respective point in the
map. Once the focus is set, you can directly click on Generate Animation and the file will be
produced.

Figure 53: Setting the focus for the animation.

2) Draw a trace, which the camera should fly along. You can draw a route freehand through the
landscape, along valleys, over hills- whatever you want. Once you have set the trace, you can
directly click on Generate Animation and the file will be produced.

Figure 54: Drawing a trace for the animation.
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3) You can also combine both, e.g. firstly, set a focus point and secondly, draw a flight rout in
the map. As a result, the animation will show a camera perspective, which follows the trace
by always watching at the focus point.

Figure 55: Combination of focus point and trace: the camera focuses on the point on its way along the trace.

8.3.Menu Item Overview
After the initialization, you can track the status of your animation (Figure 53). First, it will be
processing. This process takes some time, in dependence from the length of the trace and the spatial
resolution (size) of the region. The conduction of the fine happens in the background. You can switch
to other work in the meantime. Once the file is produced, the status will switch to finished. Then you
can view or download the file and store it on your personal computer, if you want.

Figure 56: Under Overview, the animation files (.avi or .gif) can be accessed or deleted and the processing status can be
monitored.

8.4.Module 3D4GISCAME
8.4.1. Introduction and login
The Module 3D4GISCAME is a part of the GISCAME suite, which has been developed to provide
pictures for designing surfaces for the Add-On Animation. With the help of 3D4GISCAME you can
upload, combine, and export images. The login is the same like for GISCAME core system or other
modules of the GISCAME suite. If you do not have access to the module, please contact
support@giscame.com
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8.4.2. Upload
After having declared that you have the rights to use the images, which you want to work with, you
can select images from your personal computer in the menu item Upload. Press the button upload.
Then give it a name, decide whether you want to share the image with other users (check private or
not) and press finally ok.

8.4.3. Combine Images
You can create mixtures of two images by selecting two source images from the lists. The aim of
combining two images is that such combinations look more realistic in the final 3D illustration. Type
in the number of transition levels you would like to create and press calculate.
In the next step, you can check all images, which you would like to use as surfaced in the 3D
simulation within the GISCAME add-on animation (Figure 57).

Figure 57: Selection of images, which should be exported for the use in the GISCAME add-on Animation.

8.4.4. Export Container and interface to GISCAME core system
Create your individual export zip-container in the menu item Export container. Store it in your
personal computer. The zip container can be used in the GISCAME add-on Animation. The surfaces,
which have been created in 3D4GISCAME, however, need to be implemented in GISCAME core
system in the menu item Definition during the process of LUC definition (cf. 5.2.2).
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9. Add-on Biomass Module for Forests (BMF)
9.1.Introduction
Integrated forest management planning at the regional scale is confronted with the challenge that
the contribution of forests to economic and ecological planning targets must be assessed in the
context of other land uses. Regional planners and decision makers have to balance interests of
different land use sectors and between private economic interests and public demands. GISCAME
was developed in order to analyse effects of changes in the land use pattern and changing
management strategies within a land use sector such as forestry.
The add-on Biomass Module focuses on modelling temporal and spatial dynamics of resource
provision by forestry and agriculture. It aims at supporting the assessment of silvicultural and
agricultural strategies which enhance biomass provision. The main aim is to bridge the gap between
local land management decisions and regional planning. The functioning of the Biomass Module is
based on linking production models (growth and yield) with the cellular automaton. Temporal trends
in productivity and impact of land use changes on the provision of ecosystem services as core
function of GISCAME can be assessed at regional scale.
What is important about using this manual?
The manual guides you though the whole set up process of the Biomass Module step by step. You
will find some italic words in the text. These terms are names of menu items of interest. Some terms
can be found in the Glossary. Follow the link to find explanations.

9.2.Starting the Biomass Module
1. Log into your GISCAME account.
2. Choose the scenario you want to work in the filing system.
3. Select BM in the context menu item AddOn.

The working window How to gives a short introduction on how to proceed (Figure 58).

Figure 58: Starting the BM: Short introduction.
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9.3.Menu Item Definition
Before starting the region import and the scenario development, mandatory data requirements
need to be fulfilled. As long as the definitions are not finished or include errors, the system blocks the
import function to avoid wrong results.

9.3.1. Land Use Mapping
The first step is the definition the land use mapping (Figure 59). Here you have to do the following
definitions:
•

Which land use classes provide lignocellulosic biomass?  Check box woody

•

Which land use class describes a mixed stand?  Check box mixed
All other ”woody” land use types are assumed to be a pure stand. In order to guarantee a
consistent assessment framework, all tree species that occur in mixed stands, also need to be
present in the land use classification as pure stand. E.g. in order to define an oak-pine mixed
forest, both, oak and pine need to be independent land use classes (see GISCAME core
system: Definitions).

•

Which is the dominant tree species (main type)?  Select the main type from the list by
clicking into the empty field.

•

Which is the proportion of the dominant tree species (main type) in %?  Type in a
percentage >/= 50. The share of the minor tree species (sub type) is added automatically.

•

Which is the minor tree species (sub type)?  Select the sub type from the list by clicking
into the empty field.

•

Fuel values need to be assigned to all pure stand types. The fuel values of the mixed stands
are calculated on this basis. The unit in this example in [kW/stocked qm]

Figure 59: A table which defines land use types, which provide lignocellulosic biomass, needs to be filled.
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Having identified and defined all land use classes, which provide lignocellulosic biomass, you have to
save these definitions. Use the disk icon to save the settings.
Errors or missing details will be highlighted in red and need to be corrected.
In the case you want to use the BM setting for or from another region, you can use export or import
of the definitions, respectively. Please use the respective buttons next to the save icon to search or
store the definitions file in your local computer folder. The definition file has the format
“[region_name].bm.lut_mapping”.

9.3.2. Attribute Layer Mapping
Two attribute layers are required for the woody land use classes, the age and the stand density. The
appropriate layers can be chosen in the drop down menus (Figure 60). The list contains all names of
attribute layers, which were uploaded into the GISCAME core system. In the example, the words
"stand age" and "stand density" occur, because the system has found these attribute layers in the
course of the upload. As GISCAME does not know, which layer corresponds to "age" and "stand
density", you have to assign the layers accordingly.

Figure 60: Assignment of the attribute layers “age” and “stand density”.

Having assigned both attribute layers, please save these definitions.

9.3.3. Evaluation Table Template
Before evaluation tables can be uploaded, evaluation table templates can be adapted to a small
extent (Figure 61). Only the names of the parameters can be translated or different abbreviations
can be used, if necessary. Their meanings and units cannot be changed, because later calculations
are specified exactly for these parameters. Choose a name for your evaluation tables set and save it
using the disk button.
Under the evaluation table template in GISCAME, you will find some more detailed information on
the parameters, which are considered.

72

Figure 61: New evaluation table template: Name and number of columns need to be defined.

In order to implement your yield tables or model results into BM, csv-formatted tables need to be
prepared in spreadsheet software. Parameters, which might be included, are listed in Table 9. It is
important that your parameters have the same meaning and order like in Table 9, because they party
rely on each other. If some data are missing, just leave the column(s) empty and the BM will not take
them into consideration. If you want to add columns, please contact the support team
(support@giscame.com).

Table 9: Suggested parameters to be analysed in the BM.

No.
1
2
3
4
5
6
7
8
9
10

Parameter
Age
DBH
Y
CAI

Unit
[yrs]
[cm]
[m³]
[m³/ha]

Description
lower and upper limit of age classes
mean diameter at beast height of volume removed
harvested volume (yield in cubic meter standing, with bark)
mean current annual volume growth of merchantable stem volume for
the period of the actual age class (current annual increment)
Ycum
[m³]
sum of removed merchantable stem volume since establishment of the
stand (yield cumulated)
SV
[m³]
total growth of merchantable stem volume (standing volume)
MAI
[m³/ha] mean annual volume growth of merchantable stem volume for the
period since planting (mean annual increment)
Fuel wood [%]
Assortment: fuel wood
Industry
[%]
Assortment: industrial wood
Stem wood [%]
Assortment: pole stand, timber for ties, stem wood

The age classes can be differ from the suggested five-years-steps. The last three columns are the
three main assortments which are produced in the model region. Please indicate their shares in
percent. The amounts in the results table will be calculated on the basis of the yield (same unit). An
example of an evaluation table is illustrated in Figure 63.
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9.3.4. Evaluation Table
Now the evaluation tables can be uploaded.
1. You have to select the evaluation set (Figure 62) or define a new one and combine it with
your table template from the list. Name it and decide whether the evaluation tables focus on
all land use types or just on “woody” classes. In this version, woody LUC types should be
assessed (check box woody).
2. On the basis of the template, tree species- specific assessment tables can be uploaded in csvformat. This table format can be generated, for example, in EXCEL on the basis of xls-files.
Choose the evaluation tables within your local folders under file using the button
Durchsuchen [search]. The separator can be changed according to your data format in the
csv-table (see example beech, on the bottom of Figure 62)
3. Make sure that for each pure stand evaluation tables are attached. Empty columns and rows
are filled with the value cero. A plausibility check will highlight non-logical values in red.

Figure 62: Step 1 in the assignment of assessment tables.

Exemplary, an evaluation table for Beech fir is illustrated in Figure 63. After the upload of all
evaluation tables, do not forget to save your definition.
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Figure 63: Evaluation table was uploaded successfully.

9.3.5. Attribute layer influences
The data which are uploaded so far allow you to estimate the theoretic potential of biomass
production in your region. However, influencing factors, such as slope, ownership type or nature
protection areas might reduce it. In order to account for such influencing factors, the menu item
attribute layer influences exist.
To include such restrictions, you need to prepare attribute layers with the respective information.
Let’s take the example of nature protection areas. For the model region an ASCII-formatted text file
was produced. All nature protection area have the ID 7 in the example (can be any other ID). The rest
of the area has no-data values (ID -9999).
From a drop down menu, you can choose which attribute layer influences the provision of wood
(Figure 64). All attribute layers, which were uploaded in the course of the region import in GISCAME
are available. Additional layers cannot be implemented subsequently. If you wish to update the
layers, a new region import is required. The following fields must be filled to define an attribute
influence:
Name:

Name the restriction.

Description:

In the example, the biomass potential should be decreased by 90 % in nature
protection areas, where forestry is not allowed.

Attribute:

Select the attribute layer with the respective information from a drop down menu.
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Range:

Define the value range to which the restriction should be applied. In our example it is
the ID 7. It might also be e.g. the elevation between 500 and 1,000 m above cero.

Influence %:

The percentage to which the biomass production potential is reduced.

Hidden:

This is an option to hide test rule sets, for example to limit the choice of rules when it
comes to the choice of the simulation area (see chapter 9.5.2).

Please note that such influences can only reduce the maximum biomass potential. The rules can be
selected for each simulation area (see chapter 9.5.2).

Figure 64: Defining attribute layer influences. Some examples illustrate possible rules.

The menu item definition is finished!

9.4.Menu Item Import
9.4.1. Overview
The menu item import facilitates the transfer of a model region of the GISCAME core system into the
BM. First, choose under choose under the sub-heading overview the under initial condition new. The
BM will lead you to the second sub-heading Region import. You can also directly choose this second
item.
Figure 65 also provides some statistical information on the number of woody and mixed LUC types.
Results of the data layer check regarding age- and stand density- layer mapping is carried out. In the
case that you work with a large region and high spatial resolution, the map extent would be relatively
high in the BM. In order to reduce the map size and the calculation time accordingly, you have the
option to downscale the map in the ratios 1:2, 1:3, or 1:4. 1:1 means that the map will be illustrated
in its original extent.
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Figure 65: Under Import, Overview, you can edit existing initial conditions or create a new one.

9.4.2. Region Import
9.4.2.1.
Edit Land Use
You can edit the LUC with the help of the BM Toolbar, which is to a large extent similar to the
GISCAME Map Editor Toolbar (see also GISCAME core system manual). In order to provide the most
actual and most reliable data base, you can update the data layers and data gaps of the following
layers need to be filled:
1. the land use layer,
2. the age layer, and
3. the stand density layer.

Data gaps are marked in black and can be filled using the BM Toolbar (Figure 66). It contains the
following processing options (from left to right):

Figure 66: The BM Toolbar offers several processing-tools. See also manual of the GISCAME core system (Table 6).

1. changing single cells with a left mouse click into the target cell,
2. changing land use patches (neighbouring cells of the same land use type, flood fill),
3. changing a part of a LUC patch (part fill),
4. changing all cells of the same LUC type (type fill), and
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5. changing cells by freehand.
6. The small rectangle symbol can be used to define and save, and load an area zoom (Figure
67). That means that you do not need to work with the whole region. However, it is
recommended using the same map in GISCAME core system and BM in order to facilitate
exchange of maps. By clicking into the map you can sketch a rectangle. Alternatively, you can
choose one by name (choose a predefined one under load) or coordinates (X- and YPosition). Clicking on the symbol with the four arrows in four directions, you can extend the
focus area to the whole region. You set the area zoom using apply.

Figure 67: BM toolbar. Area Zoom is selected in order to choose the focus area for investigation.

7. The icon RU with the small eye makes response units visible; whereas the back-arrow
underneath changes the view back to the land use map. These RUs are defined by two
characteristics, land use type (in mixed stands: main tree species) and age (of the main tree
species), which need to be consistent. In the example (Figure 68), the RU “Spruce, 59 years
old, stand density 0,78”, is illustrated.
Land use, age, and stand density of the RU (7640 affected cells) can be changed. Before
changing cells RU off needs to be switched into RU on (green). Now flood fill, type fill, and
part fill can be applied to the RU.
8. The magnifier symbols allow zooming into and out of the region.

Figure 68: Editing land use. The response unit (RU) spruce, age 59, stand density of 0.78 is selected.

Further tools are explained in Table 6.
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9.4.2.2.
Edit Age Layer
If you have gaps in your age layer or data are not up-to-date, you can process the age layer with the
help of the age editor. In order to fill the gaps, first, select keep old value (red) (Figure 69). Hence, all
existing values are kept and only gaps are edited.

Figure 69: Example for the age editor.

In the case you want to change the age of single stands or forest types or the whole map, choose the
cells, which you want to edit, using the BM Toolbar. Now you have several options.
1. Set age: type in an age value, and click on set age  all selected cells will get this age value.
2. Age plus: your data are 10 years old? Type in 10 as age value, and click on age plus  10
years will be added to the age value of all selected cells.
3. Age minus: Type in 10 as age value, and click on age minus  10 years will be subtracted to
the age value of all selected cells.
4. Set random age: Define a range of potential age values. The system will assign these valued
to the selected cells randomly.
5. Homogenize age: Can be applied for the tools flood fill and type fill. All cells of a selected
patch/land use type will get the same age value as the cell you have chosen.
The no data colour function was added in order to visualize no data values (gaps in the age or stand
density layer). Depending on the colour of the surrounding cells, the colour of no-data valued can be
switched in order to visualize those best. Once all data gaps are filled, the BM will inform you that
the age layer is complete (Figure 69, top left corner of the map).
You can do the same procedure for the age of the sub types in mixed stands (Figure 69, set secondary
age). This, however, is optional. If you do not complete the age data manually, the system adds
them. The minor tree species of mixed stands get then automatically the same age like the dominant
tree species.

79

9.4.2.3.
Edit Stand Density Layer
The procedure to complete the data in the stand density layer is the similar to editing the age layer.
You have to select the cells, which you want to edit with the help of the BM toolbar. Now you have
several options (Figure 70).
1. Keep old value: All available data will be kept.
2. Set stand density: Type in the stand density value. It can have a range from 0 to 2.0.
3. Set secondary stand density: The stand density value of the sub-types in mixed stands can be
defined. This is optional. If you do not assign values for all data gaps, the system fills them
with the value of the main tree species, automatically.

Figure 70: Editing the stand density layer.

9.4.2.4.
Save Initial Condition
The prepared region can now be saved as initial condition, which is the basis for simulations and
scenario development. However, if there are still data gaps, you will not be able to store (Figure 71).
If all data are complete, you can name your region and save it (save initial condition).

Figure 71: Warning, if attribute layers age and/or stand density is not complete.
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9.5.Menu Item Work
9.5.1. Overview
Here you can find an interactive filing system which lists all initial conditions, simulations, and
scenarios (Figure 72). At the three hierarchical levels, you have a specific context menu, which offers
several options. These work similarly like those of GISCAME core system and will be explained in the
following chapters. Further information on the files are stored, such as date, map size (WxH is width
by height), location within the basic import (coordinates as counted cell in row and column, starting
in the upper left corner with “0, 0”). My only means that only files, which were stored by you, will be
shown.
Deleting initial conditions is only possible, if no simulations are stored underneath. The same is true
for simulations regarding existing scenarios. The folder structure is the therefore the starting point
for all analyses.

Figure 72: Folder structure to manage initial conditions, simulations, and scenarios.

9.5.2. New
Under Simulation  Overview, please click on the name of your initial condition. A drop down menu
opens, which offers the option new simulation (Figure 73).

Figure 73: Starting a new simulation.

Having selected an initial condition of your model region, you can start a new simulation by choosing
the menu item new. To define a new simulation, you have to do the following four steps (Figure 74):
81

0. Select an initial condition.
1. Select a simulation area with the help of the Area Zoom tool of the toolbar. Draw a zoom
area into the map. Locate and resize it if necessary. The Numbers above the rectangle stand
for size (99x93 units, in our case one unit is 100m), and for the location in the map
(coordinates). By changing the numbers of size and coordinates (X- and Y-position), you can
also define the location of the window.
2. Select action
a. Save it in order to make the same selection for other regions or load existent working
windows. Again, the check boxes next to drop down menus effect that only results
stored under your username are listed.
b. Resize to map means that you will analyse the whole model region.
c. Apply causes that only your selected working window will be used for the simulation.
It is essential to click here to proceed.
3. Time step selection
a. Click on evaluation to start defining further conditions.
b. Select the time steps, which are of interest for your planning case.
c. Select the according evaluation set.
d. Define if there are attribute layer influences, and which (chapter 9.3.5).
4. Name and Save your simulation.

0
3
2

4

1

Figure 74: Starting a new simulation by selecting initial condition, defining time steps to be analysed, and according
evaluation set.

After saving the new simulation, you will find in the filing system under overview. Here, you can
select load and run in order to start to scenario development.
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9.5.3. Run
9.5.3.1.
Basics
You can run a simulation starting from the menu item overview. Once the results table is calculated,
you are in the run modus. Please select a simulation and choose load and run (Figure 75).

Figure 75: Run a simulation.

Two new windows open. On the right hand side, your working window and the BM toolbox are
illustrated. If you move slowly with the cursor over the map, you will get some information on the
referring stand and on all attribute layers, which are stored in the background and which might
influence the provision of biomass (Figure 76).

Figure 76: The focus area, the BM Toolbar, and some additional information on the Stand regarding Land use type (LUT),
Shares of up to two tree species, age of the species, and stand density.
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The first results table is calculated in a second window left of the map (Figure 77). This is the business
as usual- scenario. You can save this as reference scenario, if you want, under save as. On this basis,
management strategies can be tested. Derived scenarios can also be saved. If you want to overwrite
a scenario, choose save. The reset button on the top left brings you back to the last saved step.
In grey, the numbers of the reference scenario are shown. In this starting point, the current values (in
black) and the basic values (grey) are the same.
With the help of the last column, you can illustrate the map of the respective time step by clicking at
the M (for map). It will be shown in a separate window. Besides, you can choose F and you will see
the contributions of the tree species to the cumulated fuel value which potentially is available from
the area. The value is calculated on the basis of the harvestable volume.

Under the table, a diagram illustrates the development of the chosen parameters during the time
steps. Some explanation is given in the initial diagram. You can choose parameters from the heading
of the table by clicking the check boxes. If you choose more than one unit, a second y-axis will
appear. Two different units can be illustrated at a time as maximum.
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Figure 77: The results table illustrates the parameter values for the working window and the selected time steps (TS).

On top of the results table-window, you will also find the option Detail for development. When you
click in this box, you can choose one raster cell of interest from the map. In the following, you will
receive a list of all information, which is used to calculate the biomass potential of this cell. This
information includes:
-

Layer data (stand type, age, density)
All parameter values from the evaluation tables
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-

Stand Density Factor
Attribute Influence Factor
Share factor (for mixed stands, otherwise factor =1)
Percent for assortments
Resulting values

The back to table button returns you to the results table.

9.5.3.2.
Scenario development
To develop a scenario, you have to click into your target time step, more exactly on the number of
the time step. The window changes and gives a short introduction of how to proceed (Figure 78).
1. Select a tool in the toolbar (in the example: type fill).
2. Decide if you want to do a conversion or a clear cut.
3. Choose the target land use type from the list.
4. Add a description of what you have done (and why), if you like.
5. Click recalculate.
Now the BM recalculates the results table for all time steps. If you choose recalculate up to, you can
decrease calculation time. The BM calculates only fewer number of time steps.

Figure 78: Simulation of a forest conversion.

As a result, the results table has new numbers and the map has changed. The description of the
changes is listed below the results table (Figure 79).
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Figure 79: Result of the first conversion. Thinnings took place and additional tree species were planted into pure stands
to generate mixed stands. The potential biomass yield decreases slightly.

If you make a clear cut (cf. Figure 80, window on the right hand side, and step 2 under scenario
development.), the harvestable volume (Figure 80, red number) is added to the current yield
revealed by continuous forestry (black number). The land use type is in this case removed (final
felling) and must be replaced by any other LUC type. This can be a woody LUC type, but the forest
can also be replaced by another LUC category.
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Figure 80: Clear cut brings additional harvest, which is added to the values of the time step.

The numbers in the results table have the following meaning (Figure 81):
 first black number = amount of wood harvested in continuous forestry
at the actual age (basic harvest)
 gray number = amount of wood harvested before you changed the
forest management (initial harvest)
 red number = additional harvest besides basic harvest in continuous
forestry due to tree removal (forest management)
 last black number = actual harvest (sum of basic harvest and additional
harvest)
Figure 81: Different numbers in the results table
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Before you save a scenario for the first time, you can edit every time step in the order you want. E.g.
you can do a management action in time step five and if you do not get the desired output, you can
do the change in an earlier time step. Please note that, once you have saved a scenario, you can only
edit time steps after the last change has taken place.

9.5.3.3.
Potential maps
In the run modus, you have to option to illustrate each parameter within the map. Because the
parameters are time- sensitive, you firstly need to select the time step, which should be illustrated.
Under the window for notes, you can find a list of parameters next to the word potential maps. Click
on the parameter of interest and it will be illustrated (Figure 82). You can switch the legend’s colour
by clicking again on the parameter name. The backwards arrow at the end of the parameter list
switches back to the LUC map.

Figure 82: Map of the mean annual increment (MAI) for all cells, which provide woody biomass.

9.5.4. Analyse
Starting from Work, Overview, you can load, rename, delete (your own), export and also analyse
scenarios (Figure 83). You can also directly choose the sub-menu item analyse.
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Figure 83: Starting the analysis of results.

Now, the according scenario opens. On the top left, you can choose whether you want to analyse
only one scenario (Figure 84) or several scenarios (Figure 85). Latter option is active, when you
choose the box multiple choice.
Like in the scenario development (run under the menu item work), you can choose the parameters
which should be illustrated in the diagram below. In the example you can see the impact of a
management action in time step two (final felling of beeches, cf. Figure 80).
Regarding the analysis of one single scenario, you have the following options:
-

Compare the temporal development of each scenario by switching the scenario selection
Illustrate the performance of different parameters by switching the parameter selection
Illustrate the share of tree species that contribute to a parameter value at a certain time step

Under the diagram, you can find a table with the values of the selected parameters (Figure 84). Click
on the marked numbers and you will get a pie chart with the shares of tree species, which contribute
to the selected parameter value, as illustrated in Figure 85.

90

Figure 84: Analysis of one single scenario and its performance during the time steps.

The second analysis option is called multiple choices. Here you can modify bar charts in the using the
following options:
-

Selection of all scenarios of interest
Selection of all parameters of interest (limited by maximum two different units)
Selection of the time step of interest
Illustration of a pie chart with shares of tree species of a certain parameter at a certain time
step
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Figure 85: Interface of data analysis
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9.5.5. Export
You can open the export interface in the menus item work  overview. There, you have to select a
scenario. Click on export (Figure 86).

Figure 86: Starting the export function of the Biomass Module

The interface offers you an overview of various export options (Figure 87). Analogue to the analyses
function, you can choose whether you want to export results of only one scenario or various ones as
shown in the screenshot. Also, you can select which parameters and which time steps are of interest
for you (multiple choices possible).
When you have chosen all issues of interest, click on start export and a list of selectable files will be
provided in the same window. You can either download the zip-container with all files, or you can
select single files from the list and download it by clicking at its name. If you choose the zipcontainer, you get a condensed data volume. For unpacking its content, you need a converter, e.g.
winRAR, which you can download for free (e.g. here: www.win-rar.com/download).
The file, called “export.pdf” is a report which contains all selected information and a table of
contents. All other files have a csv- format, which is compatible with spreadsheet software.
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Figure 87: GUI of the export function.

If you have any question or find problems in the software functionning, do not hesitate to contact
the support team under support@giscame.com
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10.

Add-on Biomass Module for Agricultural products (BMA)

10.1.

Introduction and start

The BMA has been developed to provide a special focus on spatiotemporal dynamics in agricultural
systems. Special importance is put on crop sequences and proximity effects. The general architecture
and handling of this add-on is similar to the BMF (previous chapter). Due to the shorter (annual or
perennial) rotation sequences, however, some differences evolve.
In contrast to the BMF, the BMA refers to the Map Editor of the GISCAME core system. The BMF has
an own map editor, because attribute layers (age, stand density) need to be editable within the addon. In the BMA, however, the focus is put on annual or perennial plants, which are characterized by
mean yields (modelled or empirical values). The stand density also is more static compared to forest
ecosystems. The expected yield of an annual crop assumed to be constant for years.
Start the add-on by clicking at a scenario in the scenario tree, select Add-Ons in the context menu
(chapter 6.3), and choose BMA. To apply the add-on to the map, first, some definitions need to be
set.

10.2.

Menu Item Definition

Before starting the scenario development, some data requirements need to be fulfilled. As long as
the definitions are not finished or include errors, the system blocks the import function to avoid
wrong results. The menu item Definition is subdivided into three sub-menu items, land use mapping,
crop types, and evaluation table (Figure 88).

10.2.1. Land Use Mapping
Under land use mapping you will find a table with a list of LUC types, where you need to identify,
-

Which LUC types remain to agricultural systems (check the box next to the LUC name), and

-

Which crop rotation is characteristic for this LUC type (Edit crop rotation).

One or more crops must be added to the crop rotation list. Otherwise the calculation cannot be
carried out. Click at Edit crop rotation and a selection window will open. In the example in Figure 88,
the LUCs Millets and Legumes are composed of two or three crops, respectively. The LUC types
Maize and Rice are monocultures, where every year only this one crop is planted. Crop types can be
added to the crop rotation list by clicking at the respective crop name. This list can be edited using
the buttons remove (selected crop type will be deleted from the list) and remove all (all crop types
will be deleted from the list).You can cancel the editing (selection window will be closed) or save
them using the respective buttons on the bottom of the selection window. When you have finished
this part of the definition, save your settings (button under the menu item land use mapping).
The crop types, which can be selected in the land sue mapping, can be modified under the sub-menu
Crop types.
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Figure 88: Land use mapping in the BMA. A crop rotation must be composted of at least one crop type.

10.2.2. Crop types
The list of crop types extended using the button New crop type. Enter a name and add a colour in
hexadecimal code. The crop types can be modified by clicking at the crop name or at the colour code.
Now you can change the crop type name and the colour (Figure 89). Your changes are saved, once
you have clicked at update.

Figure 89: Edit crop types.
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10.2.3. Evaluation table
Similar to the evaluation table of the BMF, some parameters are required to be underpinned by
numbers. These values are getting attached to the LUC types and hence to the respective cells in the
LUC map. The numbers reflect the expected mean annual values per crop type. The parameters
comprise
-

Biomass (in kilogrammes per hectare),

-

Residues (in kilogrammes per hectare),

-

Calories (within food for humans in kilocalories per hectare),

-

Feed (for animals in kilocalories per hectare),

-

Fuel (biomass used for energy production in mega joule per hectare), and

-

C-balance (balance of net soil Carbon sequestration in kilogrammes per hectare).

Values can origin from modelling or empiric field studies. They need to be typed into the respective
cells of the evaluation table. You can define a new table (save as), actualize an existing table (save),
or delete a table using the buttons next to the selection list for evaluation tables.

Figure 90: Specification of the evaluation table in the BMA.

The evaluation table, which is selected in this definition menu item, will be applied for the
calculations under the menu item work.
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10.3.

Menu items Work and Overview

The analysis of the agricultural biomass production id carried out for the current situation (t0) and
nine years in the future (t1-t9). Results for all parameters, which have been underpinned by values
under Definition, are provided in a table.
There are two strategies, how scenario development can take place: You can
1) carry out LUC changes in the Map Editor, or
2) change the evaluation set (and therefore the crop rotation sequences)
and analyse its effects in the BMA.

HINT: The evaluation set can only be changed within one scenario before LUC have been
changed! As soon as you have edited the map of a time step, the evaluation set has to be
consistent to provide consistent results.

Figure 91 shows the results which are calculated when you click at the menu item Work. All
agricultural cells of the LUC map are taken into account. These cells can be visualized using the
button Agrarian –map above the results table. Initially, the results are provided in the original units
(cf. 10.2.3). As big numbers may emerge, you have the option to change the units as shown in Figure
91. Calories of food can be provided in kilocalories, kilo or mega Watt hours, or in mega joule.
Under the evaluation table, a graph illustrated the temporal development of the parameters during
the nine time steps (nine years). Click in the check boxes under the parameter units in the evaluation
table to select a parameter for the graph. Maximum two different units can be illustrated at the
same time with the help a secondary y-axis.
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Figure 91: Results of the BMA analysis are provided under the menu item Work.
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To simulate land use change in specific time steps, click at the year in the first column of the results
table. Just like in the scenario development with the BMF, you can change LUC cells, patches, or
types in the Map Editor for the selected time step. You will be requested immediately to recalculate
your BMA results table (Figure 92). Press recalculate to do so. In Figure 91, for example, LUC changes
have been carried out in time step 5 and the results table has been recalculated.

Figure 92: Recalculate evaluation table.

Furthermore, you can reveal in-depth information on the spatial distribution of the single crops. You
can find the crop image by clicking at CI in the last column of the evaluation table (Figure 92). As the
spatial crop distribution might vary from year to year, this map can be illustrated for each year. The
magnifier allows extending or reducing the size of the map (Figure 93).

Figure 93: The crop image (CI) illustrates the spatial distribution of the single crops of a crop rotation sequences for a
certain time step.
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An option to illustrate the composition of each parameter value of the results table is the pie chart.
You can get a pie chart showing the contribution of different crop types by clicking at parameter
values, which are underlined with a dotted line in the evaluation table. Figure 94 exemplifies this
feature. The pie chat can also be enlarged or reduced in size using the magnifier symbols.

Figure 94: Share of crop types which contribute to the food calories at a certain time step.

When you have finished the scenario development, save the study using the save as-button (see
Figure 91). The scenario will then be listed under the menu item overview (Figure 95). The scenarios
can be loaded, analysed, renamed, exported or deleted using the context menu. You can rename and
delete only your own scenarios.

Figure 95: Overview of the scenarios, which have been stored in the BMA.
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10.4.

Menu item Analyse

In order to analyse scenario results, first, select a scenario from the list and choose the option
analyse in the context menu. The Analysis options are similar to those in the BMF (cf. 9.5.4). You can
either analyse the temporal changes within one graph of one scenario, or you can compare several
scenarios regarding selected time steps (in Figure 96: two scenarios at time step 9).

Figure 96: Comparison of two scenarios. Three assortments (food, feed, and fuel) are compared at time step nine.
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Again, pie charts can be illustrated for each parameter value by clicking on the number in the table
below the graph (cf. Figure 94).

10.5.

Menu item Export

Select Export from the context menu of the scenario of your interest. The export options as shown in
Figure 97are similar to those of the BMF (cf. 9.5.5).

Figure 97: Export options in the BMA.
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11.

Add-on Cellular Automaton (CA)

11.1.

Introduction

The Cellular Automaton Add-On (CA) was developed to facilitate explorative LUC change simulations
on the basis of transition probabilities. All other LUC change simulations within GISCAME require a
transition probability of 100 %, which means that the user decides whether a cell or a patch should
be changed. The CA, in contrast, allows iterative LUC change simulation.
An iteration signifies one application of the transition probabilities. This can be dimensionless, but it
can also refer to a defined period of time. If transition probabilities are derived from the land use
change which took place during 10 years, one iteration means a period of 10 years.
After the LUC change simulation within the CA, the resulting map can be transferred to the GISCAME
Map Editor in order to investigate the performance of F&S under the expected LUC change
conditions.
The CA requires detailed knowledge on past LUC changes or sound expert knowledge on expected
future development of a region. It is not suitable for concrete regional planning questions, but more
suitable for scientific, explorative analyses to find possibly unexpected future effects of different LUC
change drivers.

11.2.

Transition probabilities

The CA has no special data requirements. Instead, transition probabilities from one LUC type into
another are required. Such transition probabilities can reflect various landscape change processes,
such as
-

Urban sprawl,
Succession of abandoned agricultural areas,
Deforestation processes, or
Land degradation, e.g. due to intensive land use.

Transition probabilities are expressed in decimal numbers with a range from 0 (no transition of LUC
expected, change occurs in 0 % of iterations) to 100 (LUC change absolutely likely, change occurs in
100 % of iterations). They can have up to two decimal places. Transition probabilities can be
formulated for every LUC, which occurs in a LUC map. On source LUC can have several target LUCs.
Each rule (=each row in the definition-table) is taken into consideration iteratively by the system.
Hence, the order of single rules influences the outcome. The order can be modified by the user.

11.3.

Starting the CA

1. Log in to your GISCAME account.
2. Choose a scenario, which you want to edit with the CA under Work.
3. Select CA under the context menu item AddOn.
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You will find two menu items, Work and Definition. Before you can start the analysis, transition rules
need to be defined (see next chapter).

11.4.

Menu Item Definition

11.4.1. Selection of LUC types and probability
To define a rule set for the LUC transitions, first, select NEW in the upper drop-down menu. If you (or
someone else) have already stored rule sets, you will find them listed in this menu. Second, add
name and a description of the LUC change simulation which you are going to define in the following.
Although the description is facultative, we strongly recommend using this option. Otherwise it could
be difficult reproduce and understand the scenario development. Save the settings you made so far
using the button on the right of the description field.
Now an additional table opens. To run a simple simulation, it is enough to select
(1) The current LUC type (first column),
(2) The target LUC type, into which the cell(s) could be changed (second column), and
(3) The specific transition probability (third column).
The selection of LUC types is possible using the small + -symbol next to the heading LUC. Then a
drop-down menu with all available LUC types opens. Using the next small + -symbol in the first LUCrow, you can add a target LUC type. You can select as many starting LUC types, as you want. Target
LUC types are also not limited. The transition probability can be specified as integer or decimal
number (Figure 98). Please note, however, that the sum of transitions probabilities from one LUC
type to several others must not exceed 100 %. Furthermore, be aware that the more rules you
define; the less replicable is the resulting map. Keep it simple and plausible.
If you are developing a complex rule set, you can add as many target LUCs as you like using the small
-+- under the LUC type in the first column. Change the source LUC by clicking onto its name. You can
also copy a rule (one row in the table) using the small letter -c-. Then modify the duplicate according
to your purposes. The small -x- deletes a rule (one row). The order of the rules can be edited using
the small arrows left of the source LUC types (↓↑).
In the case you wish to delete a part of the rule, click on the small cross (X) next to the entered
percentage. You can also delete the whole rule set, including name, description, and further
specifications, using the button delete next to the save- button.
As soon as you change something in the rule set, a red mark will highlight the save button. Do not
forget to store the rule set before working with it. The whole rule set can be exported/imported
using the buttons export or import on the bottom left of the CA window, respectively.
You can further specify your rule set manually in the menu item Work, if you have more specific
information on the transition process of the landscape (see next chapter).
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Figure 98: Definition of a rule set has been created, but not saved, yet.

11.4.2. Conditions
For a more complex simulation, you can additionally define influencing conditions. These comprise
influences of neighbouring cells and attribute layers. The conditions can be optionally defined. To
add restrictions, click on the small + -symbol in the column condition under neighbourhood LUC or
attribute.
To define neighbourhood influences, select the neighbouring LUC type, which influences the focus
cell. Now you can define a rule as condition clause. The transition probability will be applied to the
target cell, if [neighbouring LUC] was [Quantifier] [Count]. Count expresses the number of
neighbouring cells, to which the condition must be fulfilled in order to execute the LUC transition.
To define attribute influences, select the attribute layer, which influences the transition. Define a
rule as condition clause. The transition probability will be applied to the target cell [neighbouring
LUC] was [Quantifier] [value]. Value expresses values of the attribute layer, which must be fulfilled in
order to execute the LUC transition.
Figure 99 illustrates exemplary, how such complex rule are applied. It expresses the following:
-

-

“If [less than] [one] of the neighbour cells of the target cell was [Beech], the transition
probability will be applied to the target cell”.
OR
“Independently from all other rules: If [height] is [lower than] [500 meters], the transition
takes place.”
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Force has the highest priority in the definition of conditions. As soon as a Force rule applies, the
transition will take place, independently from other conditions. The single rules in one row are
connected with an OR operator. Once one rule causes a LUC change, following rules for this source
LUC will not be taken into account anymore. Therefore, the order of rules plays an important role.

Figure 99: Formulation of additional conditions regarding neighbour LUC types (left) or attribute layers (right).

If Force is not marked, all conditions need to be fulfilled in order to provoke a transition of LUC.
Hence, the conditions are connected with an AND operator. Therefore, Figure 100 means:
-

“If [less than] [one] of the neighbour cells of the target cell was [Beech],”
AND
“if [height] is [lower than] [500 meters], the transition probability will be applied to the
target cell.”

Figure 100: Formulation of additional conditions regarding neighbour LUC types (left) or attribute layers (right).

11.5.

Menu Item Work

Once you have finished the Definition, you can run the CA under Work. First, you have to select your
rule set from the drop down menu under -select rule-. The CA holds many options to specify the
application of the rule set. Figure 101 and

Table 10 give an overview of the functionalities.
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Figure 101: GUI of the CA showing the first iteration, which was applied to a circle with the radius of 99 cells. This map
was stores as snapshot.

Table 10: Explanation of the features of the CA (see Figure 101).

Feature
Generation: 0
Step [number]

Snapshot

Explanation
Number of iterations
Number of iterations which should be executed at a time. Type in a number
between 1 and 100. Depending on number of iterations, the calculation could
take some time.
Take a picture of the current simulation. Snapshots of the map are stored and
can be accessed in the top right drop-down menu of the CA.
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Transfer
Save as scenario

Order of change
- Normal
- Reverse
- Random
- Seed

Borderland
Shift

Focus

This feature transfers the simulation into the GISCAME map editor in order to
facilitate the F&S assessment.
Stores the current map as scenario in the filing system with the according
name, e.g. CA generation 1. Under Notes you will also find in the context
menu in the filing system information about the origin of the scenario.
Defines the modus of transition within the map.
- Normal signifies a start in the upper left corner.
- Reverse signifies a start in the bottom right corner.
- The transitions start for each iteration at a random cell in the map.
- Seed applies the iteration to a user-defined area. Click into the map to
set the location of the focus. The application of the rule set will be
limited to a certain radius. Define this radius expressed in number of
cells with the help of the drop-down menu. It will be illustrated as
small black circle. The symbol infinite ∞ signifies that the rule set will
be applied to the whole map.
The seed-option can express transition processes around local
environmental impacts, e.g. around an industry complex.
The transitions start at the borders of patches.
This option has significant impact on the simulation results. When shift is not
marked, the transition probabilities are applied to the last visible map (last
iteration, Markov Chain). Each iteration produces a new initial condition.
Hence, the LUC change simulation is highly dynamic.
When shift is marked, the transition probabilities are applied to the initial
map, which was the starting point for the CA.
If you have defined a focus area in the Map Editor, the transition probabilities
will be applied to this map extract.

If the map does not change anymore when you click on step, no LUC change is possible anymore,
because all possible transformations were executed according to the rule step. This final map or any
snapshot or step in between can be analysed regarding the provision of F&S using the button
transfer, which moves the map into the GISCAME Map Editor. From the Map Editor, the map and
assessment results can be exported (see GISCAME core system export).
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12.

Add-on Calculator

The Calculator facilitates theoretical, spatially non-explicit LUC change simulations. The tool is
suitable for fast pre-tests on how percentage changes of LUC would affect the provision of F&S. The
land use pattern is analysed without impacts of linear elements (street, rivers from OSM) or
neighbourhood/ environmental influences.
The use is quite self-explanatory. Select an F&S assessment set and change the shares of LUC in the
table. One (unrealistic) example might be the increase of forests by 20 % on agricultural sites. Change
therefor the share of forest and decrease the share of agriculture. Be aware of keeping the total of
100 % in sum. Otherwise an error message will pop up. The radar chart on the right side of the LUCshares-table illustrates the effects.

Figure 102: The Add-on Calculator facilitates a fast pre-assessment of changes in LUC shares, without spatial allocation of
these changes. Effects are illustrated in the radar chart.
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13.

Add-on Landscape structure module (LSM)

13.1.

Introduction

In this chapter the application of the Add-On “Landscape Structure Module” (LSM) is explained.
Some F&S, which are provided at the regional scale, are strongly influenced by composition and
configuration of landscape pattern as well as by linear landscape elements, such as streets and
rivers. Especially ecological and landscape aesthetic aspects be affected by landscape structure
(Frank et al. 2012; 2013). These impacts can be addressed with the help of landscape metrics (LM)
and other landscape ecological methods. In general, natural LUC types might have a positive impact
on ecological and aesthetic value of a landscape. However, one big patch of such an area in a region
has not the best possible value, because the rest of the region might lack the service. The potential of
a landscape to provide F&S is determined to some spatial characteristics, such as accessibility,
landscape fragmentation, habitat connectivity, etc. In order to provide a diverse gene pool, for
example, a genetic exchange of species along a functionally connected habitat network is essential.
With the help of a landscape structural analysis, the LUC type- specific basic multi-criteriaassessment method of the GISCAME core system can be refined. The LSM generates additional,
decision-relevant information for regional planners or land managers.
The assessment approach combines various landscape ecological methods. On the one hand,
quantitative approaches from northern American landscape ecology are applied (Forman and
Godron 1986; Turner et al. 1989). On the other hand, German approaches, such as complex biotope
values, which are generated in so-called ecological linking matrices, are used (Bastian and Schreiber
1999). Detailed information can be found in some papers (Frank et al. 2010a; 2010b; 2010c; 2012;
2013; 2015).

13.2.

Background and preconditions

We assume that you have up-loaded a LUC map of a region, which should be analysed regarding
landscape structural aspects. Also a filled F&S assessment matrix is an essential precondition. If not,
please follow the Manual of the GISCAME core system.
Start from a scenario which is stored in the filing system under the meu item Work of the GISCAME
core system. Choose the item Add-on in the context menu (left click) and here the LSM (landscape
structure module) (Figure 103). A new, movable window opens.
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Figure 103: Open the Add-On LSM in the context menu.

The menu items of the module are subdivided into the following four topics:
-

Work (for analysing a focus area),
Definition (specification), and
Export (further use of the results in other software).

The following chapters will introduce the functioning of each item.

In version 2.0 of GISCAME, a choice of LM is provided which is suggested for refining the assessment
of ecological integrity and landscape aesthetics (Table 11). The assessment criteria can also be
applied to other F&S, if they are suitable.
Table 11: Installed LM, suggested assessment F&S

Assessment criterion
Landscape fragmentation

LM
Effective mesh size
Core area index
Habitat connectivity
Cost-distance
analysis*
Landscape diversity
Shannon-Index
Patch density
Heterogeneity of near-to nature Shape-Index
patches
*specific method (see Frank et al., 2012)

ES
Ecological integrity

Ecological
aesthetics

integrity/

Landscape

Table 12 gives an overview of the LM, which are calculated in the LSM, and their characteristics.
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Table 12: LM and their application field for F&S assessment

LM
range (unit)
Effective
mesh size
[1-A] (ha)
(min.= size of
raster cell)
Core
Area
Index
[0 ≤ CAI <
100] (%)
Shannon’s
Diversity
Index
[0-∞[ (-)
Patch density
[1-∞[ (km-1)
Shape index
[1-∞[ ( )

13.3.

Equation

Properties
Measures the mean size of unfragmented
open space.

ai = area (km²) of patch i
A = total landscape area (km²)
Measures the size of potential habitat area,
which is not affected by edge effects (noise,
aij =core area (m²) of patch ij based nutrients etc.).
on a buffer width (100 m).
aij = area (m²) of patch ij.
Quantifies landscape diversity based on the
number of LUC types („richness“) and their
spatial distribution („evenness“).
Pi …Share of the landscape that is Increases with increasing number of LUC
covered by land use type I
types and/or increasing evenness of patch
m = number of LUC types
distribution.
PD=n/a
Number of patches within 100 ha (or 1 km²).
N – number of patches
A – reference area
Measures compactness of near-to nature
patches by putting the actual and the minimal
perimeter into relation. The smaller the value,
Pij – perimeter (m) of a patch
min Pij – minimal perimeter of the the more compact the patch. Irregular
patches (high values) indicate closeness to
standard form (square)
nature. At the landscape level, the median is
used.

Menu item Definition

13.3.1. Specification
In this menu item, the general settings for the LM assessment are specified. Three main
characteristics are of interest:
-

degree of hemeroby
fragmenting elements
groups of diversity
HINT: Basic specifications are pre-installed in the system. If you use Corine Land Cover
classes and you are not an expert in landscape ecology, use these setting in order to keep
the consistency.
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13.3.2. Degree of hemeroby
With the help of the degree of hemeroby, the anthropogenic influence on each LUC type can be
classified. This classification is a crucial basis for the cost-distance analysis and for the calculation of
the LM. You can define on your own (or with the help of regional experts and stakeholders), which
LUC types belongs to which degree of hemeroby. These degrees can be selected in drop-down menus
for each LUC type (Figure 104).

Figure 104: GUI of the specification. The degree of hemeroby is classified by the user in the second column.

In order to give you an Idea of the classification following the degree of hemeroby, Table 13 gives an
overview of CORINE LUC types, which are classified accordingly.
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Table 13: Pre-defined settings for CORINE Land Cover classes

Anthropogenic
influence
none
Limited removal
of wood, limited
grazing,
immission
by
water and air

3: Mesohemerobe

Partly
forest
harvest, extensive
agriculture

4: Euhemerobe

Intensive
agriculture,
various
forest
harvesting
regimes,
fertilization,
ploughing, use of
pesticides,
drainage

5: Polyhemerobe

Individual
biocenosis
destroyed
and
different
land
cover instead

6: Metahemerobe

Natural
biocenosis
destroyed

„far from nature“

„near to nature“

Degree
of
hemeroby
1: Ahemerobe
2: Oligohemerobe

LUC type
- (not existent in Central Europe)
Moors and heath land
Peat bogs
Transitional woodland-shrub
Natural grasslands
Inland marshes
Salt marshes
Coastal lagoons
Intertidal flats
Burnt areas
Beaches, dunes, sands
Bare rocks
Glaciers and perpetual snow
Sclerophyllous vegetation
Land principally occupied by agriculture, with significant
areas of natural vegetation
Broad-leaved forest
Coniferous forest
Mixed forest
Sparsely vegetated areas
Pastures
Green urban areas
Vineyards
Fruit trees and berry plantations
Non-irrigated arable land
Complex cultivation patterns
Permanently irrigated land
Rice fields
Agro-forestry areas
Annual crops associated with permanent crops
Olive groves
Water bodies, Water courses, Estuaries, Sea and ocean*
Sport and leisure facilities
Construction sites
Mineral extraction sites
Dump sites
Salines
Discontinuous urban fabric
Continuous urban fabric
Industrial or commercial units
Port areas
Road and rail networks and associated land
Airports

* No differentiation between natural and artificial water bodies. However, the majority of the European water
bodies are anthropogenic influenced. Therefore, all water bodies were assigned to euhemerobe class.
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HINT: According to your individual knowledge of the study region, you can re-classify the
list.

Box 2: Cost-Distance-Analysis

The cost-distance-method is applied in order to quantify the functionally connected potential
habitat area (Zebisch 2004b). The share of this connected habitat area is determined by calculating
ecological costs starting from core areas. Per definition, core areas
- are near to nature (cf. Table 13),
- have a minimal extent of ≥ 1 km², and
- have a minimum width at the thinnest point of the patch of ≥ 300 m.
The potential habitat area consists of core areas, corridors, and stepping stones. Corridors and
stepping stones have the potential to connect core areas. These restrictions were made in order to
assure that the areas are suitable also for small mammal species, which are sensitive to
disturbances.
The level of costs depends on the degree of hemeroby of the patch to be crossed when a fictive key
species (in the per-configuration a deer, Capreolus capreolus) migrates through a landscape. Linear
elements also have a graded barrier function according to the class of street/rail way/river (Table
14).
Table 14: Pre-configuration of the ecological costs according to the degree of hemeroby of the LUC classes. Water
bodies are independently from its degree of hemeroby a barrier for the key species.

Degree
hemeroby
1-3
4

of Streets / rail ways

Water
courses

5

other
District and state Creek
road, rail ways
Federal highway

6

National highway

Water
bodies

Ecological
costs
0
2
5

River,
channel

all

20

Barrier
effect
none
Easily
conquerable
Difficult
to
conquer
Not
conquerable

Starting from core areas, the system searches with so-called moving windows for other potential
habitat areas. Core areas have a budget of ten points. The radius of the moving window is 1 km and
depends on the key species, which was a deer in this case.
HINT: Ecological costs and action radius of the virtual key species can be changed in by the
administrator. For doing so, please contact support@GISCAME.com.
13.3.3. Fragmentation
Landscape fragmentation is an important topic in regional planning and landscape monitoring. You
can decide on your own, which LUC types have fragmenting impact and which not. When you decide
a LUC type to have a fragmenting effect, click in the checkbox in the column fragmentation. (cf.
Figure 104).
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Fragmenting elements might be both, linear and non-linear elements (LUC types). Linear elements
are the following types (from www.OpenStreetMaps.de):
-

national highways
federal highways
district and state roads, and
railways.

Non-linear fragmenting elements are LUC types, which are sealed, built up areas, or due to any other
reason not available as habitat or corridor. Referring to CORINE LUC, these might be:
-

Sport and leisure facilities
Construction sites
Mineral extraction sites
Dump sites
Salines
Discontinuous urban fabric
Continuous urban fabric
Industrial or commercial units
Port areas
Road and rail networks and associated land
Airports
Water bodies
Water courses
Estuaries
Sea and ocean

13.3.4. Diversity groups
Shannon’s diversity index is applied for accounting landscape diversity. Here, the richness and the
mixing of different LUC types are important. As the concept of F&S concentrates on the provision of
F&S by near-to-nature areas, the authors recommend focusing for this analysis on such areas. Doing
so, artificial LUC types are aggregated to so-called diversity groups. Table 15 gives an example, how
this may look like for CORINE LUC types.
Table 15: CORINE Land Cover types and the according diversity groups. LUC types, which are not present in Central
Europe, are not taken into account (grey).

Group
1
2
3
4
-

LUC type
Moors and heath land
Transitional woodland-shrub
Beaches, dunes, sands
Bare rocks
Inland marshes
Peat bogs
Salt marshes
Glaciers and perpetual snow
Coastal lagoons
Intertidal flats
Sclerophyllous vegetation

Group
12
13
14
15
16
17
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LUC type
Sea and ocean
Discontinuous urban fabric
Green urban areas
Sport and leisure facilities
Non-irrigated arable land
Vineyards
Pastures
Fruit trees and berry plantations
Permanently irrigated land
Annual crops with permanent crops
Rice fields

5
6
7
8
9
10
11
-

Salines
Complex cultivation patterns
Land principally occupied
agriculture
Broad-leaved forest
Coniferous forest
Mixed forest
Natural grasslands
Sparsely vegetated areas
Burnt areas
Estuaries

by

18

Olive groves
Agro-forestry areas
Continuous urban fabric

18
18
18
18
18
18
18

Port areas
Mineral extraction sites
Dump sites
Construction sites
Industrial or commercial units
Road and rail networks
Airports

Once the specification is finished (cf. Figure 104), please save your settings and continue with the
next menu item LSM influence.
In the case you need the specification from another GISCAME system; you can use import and export
function on the bottom of the table to exchange LSM settings in .def- format.

13.3.5. LSM-influence
This menu item facilitates defining, which F&S should be refined with the help of LM. Also, you can
define the degree of the impact of the LM assessment on the multi-criteria assessment in the
GISCAME core system. You can use an existing definition from the drop-down menu or create and
save your own (Figure 105).

Figure 105: GUI for the LSM influence settings.

When you start a new definition, the system will provide a list of the defined F&S. Choose an F&S,
which is influenced by landscape structure, by clicking at its name. Ecological connection matrices
will show up with pre-defined values in grey. In the example, ecological integrity was chosen (Figure
106). You can change the assessment values according to the impact of the assessment criterion on
the specific F&S by typing new values into the fields of the ecological linking matrices. The resulting
assessment value of the ecological linking matrices will be added to the F&S value of the GISCAME
core system on the scale from 0 to 100. In the pre-defined matrices, each assessment criterion can
receive values between -10 to +10 in 5-point-steps.
When you are satisfied with your specification, do not forget to save it. For applying the definition to
the map, the check box next to the selected F&S must be selected (Figure 106). These settings can be
changed during the simulations in GISCAME. The ecological linking matrices might be applied to one
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or more F&S. You can select several F&S at the same time. If only one assessment criterion should be
applied to an F&S, the assessment values in the rest of the matrices need to be changed into ceros.

Figure 106: The F&S ecological integrity is going to be assessed with the help of LM. The assessment values can be
changed if the administrative rights are available.
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HINT: The classes of LM values were specified for a case study in Central Europe. It might
be necessary to modify them for adapting the specification to your region. However, you
need the administrative rights for doing so. If you cannot modify the matrices, please
contact support@GISCAME.com.

13.4.

Menu item Work

This menu item allows the application of the assessment procedure to a scenario. When you open
this menu item, you will find a GUI similar to the one shown in Figure 107. In the following, the single
parts and features of the LSM are explained. Before starting the analysis, you need to selects the LUC
definition and the F&S set, which are to be applied (in the example it is called RegioPower and Basic
assumptions). When you have selected both, four assessment criteria appear. Each of them can be
marked individually. Hence, the effect of each assessment criterion on the provision of F&S can be
visualized in the radar chat.

Figure 107: User interface, when starting the LM analysis.

Now you can iteratively analyse the impact of landscape structure regarding the four assessment
criteria. The solid line allows a comparison of the assessment with LMs in contrast to the assessment
without LMs (dotted line). Figure 107 illustrates the impact of one assessment criterion of the
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provision of F&S. In the example, habitat connectivity positively impacts ecological integrity (plus 10
value points, as indicated by the solid line). Please note that the value points of the F&S in the list
below the radar chart display the effect of the LSM analysis in numbers. In the example it is 10 value
points more for ecological integrity compared to the reference.

Menu item Work offers further information for more detailed investigation of composition and
configuration of the simulation area. On the top left under Work you can find a list of the LM values
which are calculated for your simulation area. In Figure 108, the following details are mentioned:
i)

ii)

iii)

iv)

v)
vi)

Connected (semi-) natural area: This term expresses the share of the simulation area, which
remains to potential habitat area. Per definition (chapter 13.3.2), this area consists of
(semi-) natural LUC types, which include ahemerobe, oligo-, and mesohemerobe LUC
types. The term connected refers to the case that only core areas and functionally
connected areas are considered.
Core Area Index of (semi-) natural areas: This term expresses the share of the simulation
area, which remains to core area (definition in Box 2: Cost-Distance-Analysis). The core
area index is the LM which was applied (according definition in Table 12) regarding
(semi-) natural LUC types (ahemerobe, oligo-, and mesohemerobe LUC types).
Effective mesh size of unfragmented area: The effective Mesh Size is a LM (cf. Table 12),
which was applied according to the definition of fragmenting LUC types (chapter 13.3.3).
It shows the mean size off open space in square kilometres.
Shape Index of (semi-) natural areas: Result of the LM Shape Index (dimensionless, cf. Table
12), applied to (semi-) natural areas (ahemerobe, oligo-, and mesohemerobe LUC types,
cf. chapter 13.3.2). It is an indicator for the shape complexity.
Shannon’s Diversity Index: This dimensionless LM indicated landscape diversity (cf. Table 12
and chapter 13.3.4).
Patch density: This LM counts the mean number of patches per square kilometre and refines
Shannon’s Diversity Index. Both LMs together indicate landscape diversity.

Figure 108: Example for results of the LM calculation.

The upper map (Figure 109) illustrates the habitat connectivity analysis, which distinguishes between
core areas, connected areas and isolated (semi-)natural areas (dark green, yellow, and light green,
respectively). The hint detailed area information on click above the map means that by clicking at a
patch, you can obtain the following further information:
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i)
ii)
iii)
iv)
v)
vi)
vii)

Area 7: All patches, which are relevant for the habitat connectivity analysis, are numbered.
This patch is number 7. The number is not relevant for the results.
Fields: number of cells remaining to the patch.
Size: Resulting area of the patch.
Core size: extent of the core area, as defined in Box 2.
Shape index: Value of this LM for the single patch (measure of form irregularity).
Connected: States, whether the patch remains to a functionally connected (semi-) natural
area as potential habitat area.
Finally, the legend tells you that the patch in the example remains to a core area of (semi-)
natural areas in the simulation area.

Figure 109: Details provided in the map of habitat connectivity.

The lower map illustrates the landscape fragmentation (Figure 110). Fragmenting elements, as
defined under Definition (chapter 13.3.3) are illustrated in grey. Unfragmented open areas are blue.
Again, clicking into the map provides detailed information on the selected patch. In the example in
Figure 110 this is
i)
ii)
iii)
iv)

Are 73: Number of the patch is 73. This number is not relevant for the analysis.
Fields: Number of cells, which remain to the selected patch.
Size: resulting size of the patch.
Legend for the selected patch. In the example it in unfragmented open area.
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Figure 110: Example for a map illustrating landscape fragmentation of the simulation area. Blue are unfragmented open
areas; grey the fragmenting elements.

Minimize the window using the [-] symbol next the menu. Once you minimized the add-on, you can
find it in a list on the top right of your monitor (Figure 111). In the example, also Evaluation and Map
Editor are minimized. Close the add-on by clicking on the small cross on the top right [x], next to the
minimize-symbol.

Figure 111: The Add-On LSM will be listed on the top right of your monitor after minimizing the window.

13.5.

Menu item export

The menu item Export offers the transfer of LSM results from GISCAME to other software. It consists
of three parts, which are listed in one export window. They are separated by yellow bars with
headings. The first part offers map images (Figure 112). Choose the map image you want and define
the size of the image. You can select the LUC map, habitat connectivity map, or landscape
fragmentations map, or all of them. The original image size is framed in red. The image dimension is
expresses in number of pixels. Optionally, you can decrease the size in order to accelerate the export
process.
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Figure 112: Map images and available image extents (in number of pixels), which can be selected for export.

In the second part, you can download LSM data (Figure 113). The results are available as table (.csv)
or image (.png).

Figure 113: Export of LSM data as table in csv format or as image in png format.

In the third and last part, you can export the assessment results of F&S (Figure 114). In order to
export the effects of landscape structure on the F&S, first, you need to selects again F&S set as well
as the LSM influence definition. The assessment criteria will open now and you can select the criteria
of interest. In the example, only habitat connectivity analysis will be exported. Changes in the radar
chart can be downloaded as image called “Export luf_diag.png”. The results are also available in table
format. To do so, please select “Export luf_value.csv“.
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Figure 114: Export of F&S assessment regarding selected assessment criteria as image (radar chart) and/or table.
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Once you made the complete export selection, press export and a zip container will be produced
(Figure 115). Depending on the amount of data to be exported, this could take a moment. The zipped
folder can be downloaded and stored on your personal computer.

Figure 115: As a result of the export process, a zipped folder will be provided for download.
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14.

Add-on Water Erosion (WE)

14.1.

Introduction

The Water Erosion Add-On (WE) was developed to analyse the effect of land use/land management
change on the potential soil loss due to water erosion. Especially in intensively managed regions, a
management change from ploughing to no-tillage systems or the decrease of the size of
management units might be powerful measures to reduce the risk of soil erosion. The WE allows
quantifying the soil erosion potential in tons per hectare or in tons for the model region under
current land use compared to land use/land management change scenarios on the basis of the
Universal Soil Loss Equation. Not only the potential amount of soil loss per grid cell and per region,
but also the flow accumulation and the mass balance can be calculated and mapped, and exported
for further use in reports or other software. The WE allows underpinning management strategies
with numbers, which can have a convincing impact when it comes to decision-making in regional
planning issues.

The Add-On takes only agricultural used LUC types into consideration, because these are supposed to
contribute most to water erosion under Central European conditions. However, the Add-on can be
adapted to other regions in the world with different conditions. Please contact in this case the
GISCAME developers under support@gicame.com.

14.2.

Universal Soil Loss Equation

The calculation of the water erosion potential in the WE is based on the Universal Soil Loss Equation
(USLE) with modifications to German characteristics (ABAG = Allgemeine Bodenabtragsgleichung) to
predict the long-term average annual soil loss (Wischmeier and Smith 1978, Renards et al. 1997). Six
relevant parameters are calculated and multiplied for the annual soil loss in tons per hectare. They
contain climatic factors (precipitation), soil pedogenic factors (soil characteristics), topographic
factors (runoff-relevant characteristics of the relief, such as length and inclination of slopes), and
management factors (kind of land use type and soil management).
Equation 2: The Universal Soil Loss Equation.

A=R*K*L*S*C*P
•
•

•

A is the long term, mean soil loss [t/ha*yr].
R is the rainfall and runoff factor [N/h*yr] which expresses the detachment and
transportation forces which affects soil. The annual (or monthly) precipitation and climate
models are needed to express the kinetic energy of rainfall, multiplied by I30 (maximum
intensity of rain in 30 minutes expressed in cm per hour).
K, the soil erodibility factor, is the degree of erodibility [(t/ha) / (N/h)] which depends on soil
soil type, soil organic matter content, permeability, and soil structure. It can be derived from
soil maps.
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•

L is the slope length factor [-]. It represents the relation of the soil erosion from a slope of
any length compared to a reference length. L can be derived from the DEM using the
multiple-flow-algorithm (Witt, 2012).
S, the slope factor [-], represents the relation of a slope of any inclination compared to a
reference slope.
C is the cover and management factor [-] and expresses the difference between soil erosion
on parcels under cropping systems compared to bare soil (factor 1 = highest risk for erosion).
The better the soil cover, the smaller is the value (factor 0 in forests). The model is only
applicable on agricultural areas, because a factor of 0 would result in soil loss of 0 t/ha.
P, the erosion protection factor [-], includes specific soil protection practices, like contour
ploughing.

•
•

•

The P-factor was not included in its original sense into the WE. Instead, the WE implemented the
management strategy (e.g. ploughing, no-tillage system, such as mulching or direct seeding) in the Cfactor. Each land use class (or crop rotation class) must have a specific C-factor between 0 (nonagricultural land use classes) and 1 (bare fallow). The lesser intensive the soil management, the
smaller is the C-factor.
Besides the mean annual potential soil erosion, also the mass balances (input minus output of soil
material) are calculated for each grid cell on the basis of the flow shares of the neighbouring cells
(Witt, 2012).

14.3.

Data

The WE has some special data requirements for the application of the USLE. Figure 116 gives an
overview of data, which is needed.
•

Precipitation

•

R-factor

•

Soil parameters

•

K-factor

•

Digital Elevation Model (DEM)

•

L-factor

•

Land use type

•

S-factor

•

Information on soil management practices

•

C-factor

•

Linear elements (hedge rows, streets etc.)

•

P-factor

Figure 116: Data which is required for the WE.

The data need to be prepared for the application in the WE. This preparation should be based on
regional data, for example from state offices for agriculture (e.g. Lorenz et al. 2013). The factors
require a pre-processing in a geographic information system. There are several guidelines for the
calculation, e.g. for the European level (http://www.soilpro.eu/en/documents/publicdocuments/manuals) or the national level (e.g. DIN19708 (2005) for Germany). All input data (DEM
and USLE-factor-layers) are handler in GISCAME as attribute layers and need to have raster format.
These must be transformed into ASCII-formatted text files, which have to be submitted to
support@giscame.com.
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The data must contain
•
•
•
•
•

A land use map (requirement to run GISCAME core system),
The Digital Elevation Model (DEM),
A map of the R-factor [N/yr*ha],
A map of the K-factor [(t/ha) / (N/h)],
A list of land use type- specific C-factors [-] must be at hand, as well.

The L- and S-factors are being derived from the Dem within the WE add-on automatically.
Note that the attribute layers do not need to have the same spatial resolution. However, the
geographic reference system must be consistent (WGS 1984, UTM Zone XYZ).

14.4.

Starting the WE

1. Log in to your GISCAME account.
2. Choose a scenario, which you want to analyse with the WE under Work.
3. Select WE under the context menu item Add-On (Figure 117).
You will find three menu items, Work, Definition, and Export. Before you can start the analysis, some
definition requirements need to be fulfilled (see next chapter).

Figure 117: Menu item Add-On, selection of the Water Erosion Module (WE).
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14.5.

Menu Item Definition

14.5.1. C-Factor specification
Under Definition C-Factor specification you need to type in the C-factors of the erosion-relevant
(agricultural) land use types (Figure 118). If you have information on different management types,
such as ploughing, and no-tillage management (mulching, direct seeding), you can specify these, too.
The management strategy can only be applied to the whole region.

Figure 118: Definition of c-factors in dependence from the management type (here: only ploughing is underpinned by cfactor values).

In order to save time, you can also choose the import option, which is provided on the bottom left of
the WE window. The c-factors must be prepared in CSV format with the following design:
-

1st row: title (c-factors)
2nd row: headings (ID, Name, Factor), whereas ID means the LUC type ID according to the LUC
map; name means the LUC name; Factor is the c-factor
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Note that c-factors must only be applied to the erosion-relevant land use types. Non-agricultural land
use types must be left empty. The values can have two decimal places. If you enter more, the value
will be rounded. The format of the values must be X.XX. A comma does not work. If there are more
than three decimals, the number will be rounded to the mentioned format.
Table 16: CSV-formatted spreadsheet with c-factors for agricultural used LUC types. The import option shortens the time
needed for WE setup.

c-factors
id
1
2
3
4
5

name
Water body
Very dense urb.
Dense urban
A1
D1

factor

0.03
0.06

14.5.2. Attribute mapping
In a next step, the attribute layers (DEM and USLE-factors) need to be assigned to the required fields
_height, _k-factor, and _r-factor (Figure 119). Choose the according files from a list of existing
attribute layers.

Figure 119: Assignment of the attribute layers to the three required fields.

Now the settings are complete and you can start the analysis.

14.6.

Menu Item Work

Once you have finished the Definition, you can run the WE under work. To calculate the initial GUI,
the refresh button must be pressed (round arrow on the top right). This might take some time, as
complex calculation algorithms work cell-wise in the background.
The first interface gives you the number of the total soil loss of your simulation area in tons per year
under current soil management conditions (Figure 122). The initial map shows the DEM.
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Figure 120: First interface of the WE showing the DEM.

For illustrating further maps, first, please click on any cell within your map. A small cross will appear
as a marker. This marker helps you to identify the absolute amount of soil loss in certain grid cells.
The marker is also illustrated in the land use map of GISCAME core system in order to simplify the
orientation in the map. Simultaneously with clicking into the map, all other factors and results are
listed below the map (see red circles in Figure 121). If your cursor points on a non-agricultural land
use type, the USLE-factors do not show a result, because soil erosion is not calculated for these
areas.

Figure 121: The movable window of the WE was put to the right of the land use map of GISCAME Map Editor. Both maps
contain the marker (small cross), which is set in the WE with the mouse cursor. Besides the Digital Elevation Model
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(DEM), a land use map, C-, K-, L-, R-, and S-factors, the flow accumulation, soil erosion and the mass balance are listed for
the targeted grid cell.

In Figure 122, a focus was set in the Map Editor. In the EW add-on, you can now also choose the
option focus (on the bottom right) and click refresh (round arrow in the top right). This allows you to
have a closer look on regions’ details, e.g. to detect hot spots of potential water erosion.
To change the view in the WE map, click at the name of one of the factors or at the flow
accumulation, soil erosion, or mass balance. A second click on soil_erosion allows you to switch
between a fluent passage- legend and an erosion assessment map (Figure 122).
The threshold values are pre-defined for German conditions in tons per hectares and year
(DIN19708, 2005):
•
•
•
•
•
•

<0,2 t/ha*yr
0,2-<1 t/ha*yr
1-<2 t/ha*yr
2-<3 t/ha*yr
3-<6 t/ha*yr
>=6 t/ha*yr

very low risk
low erosion risk
moderate risk
high risk
very high risk
extreme risk

In the case the threshold values need to be adapted according to other regional conditions or
development targets, please send this request to support@giscame.com and the configurations will
be done by the GISCAME administrators.

Figure 122: Map of potential soil erosion caused by water runoff with fluent passage of the legend (minimum to
maximum erosion, left map) and a map with classified erosion values in six classes (right map).

In a drop down menu on the right side below the map, you can change the management system (if
previously defined under c-factor definition).
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14.7.

Interactions with GISCAME Core System

Now the WE can be applied in participatory scenario development. Stakeholders and experts can
define erosion adaptation measures and change the land use map in GISCAME core system in an
interactive process. The WE automatically re-calculates the results according to the LUC changes in
GISCAME core system. The following two examples “changing the c-factor” and “changing slope
length” illustrate the procedure.

1) Changing the C-factor
C-factors are assigned to the land use classes. They therefore can be changed by changing the land
use type in the GISCAME core system. In general, the C-factor declines with increasing vegetation
cover density and with decreasing time of bare land between the crops. When we change, for
example, the land use type of the management unit on the top right of the map from the existent
crop rotation (field grass-corn silage-triticale-rye) into a very extensive crop rotation type (cloverclover- clover-clover), the resulting soil erosion reduction can be seen in the map. Also the total
amount of soil loss was reduced from yearly 37,719.31 to 24,247.55 tons (red circle in Figure 123).

Figure 123: Example, how land use change (and therefore changing c-factor) affects soil erosion potential. The red circle
marks the management unit, which was changed.
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2) Changing the L-factor
Especially on large management units which steep slopes, the introduction of hedge rows might
reduce the surface runoff and therefore the potential soil erosion. In the example, such hedges are
added at the marked locations. The resulting maps showing the erosion potential as well as the
change of the absolute soil erosion (from 37,719.31 to 35,820.44 tons per year) are illustrated in
Figure 124. The introduction of hedges resulted in shorter slopes and to a decrease of soil erosion
potential behind the hedge rows. The slope length factor (L-factor) was reduced and the erosion
potential decreased accordingly.

Figure 124: In the land use change scenario two hedgerows across the slope were added. The red circles mark the
location of them.

14.8.

Menu item Export

The menu item export provides the GISCAME interface with other software. You can select from a
list, which content you would like to export and which format is desired. Figure 125 gives an
overview of data and formats which are available, and offers options, where the output can be used
afterwards. Click the desired check boxed and then on the export icon on the bottom. You will
receive a zipped folder which contains all files. Download and open or save the folder for further use.
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Figure 125: Exportable data and further use options.
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Glossary
A
Age class

is used in the BM to distinguish potential yields (harvestable
volumes) during time. The range of each age class is user-defined. For
forests we recommend 5-years steps.

Assessment

evaluates a system or process with a goal in mind and is normative. It
is flexible and exploratory, quantitative or qualitative. It provides
explanation and interpretation for understanding social and
biophysical processes. Stakeholders are involved.

Assessment matrix
Attribute layer

Conceptually, a layer is a slice or stratum of the geographic reality in
a particular area, and is more or less equivalent to a legend item on a
paper map. On a road map, for example, roads, national parks,
political boundaries, and rivers might be considered different layers.
Attribute layers in GISCAME are visual representation of a geographic
dataset, which contain additional spatial information that influence
the landscape’s potential to provide functions and services.

B
Boundary problem

“Patch-based landscape metrics can be biased by the boundaries and
the extent of a reporting unit if the boundaries fragment patches”
(Moser et al. 2007, p. 447).

C
Clear cut

is a management strategy which does not maintain a continuous
forest cover. The whole stand is cut at once, normally at the end of a
rotation period. In some countries this is not allowed.

Conversion

is a management strategy which maintains a continuous forest cover.
Tree species, which have reached their rotation age (or if necessary
even earlier), can be harvested. However, the area is continuously
covered by forest in order to maintain important forest functions.

E
Ecological connection matrix

is a landscape ecological evaluation method. It is applied to combine
the two landscape metrics in order to receive one value for an
assessment criterion. E.g. Shape Index and Shannon’s Diversity Index
are combined to get estimation on the landscape diversity.

Ecosystem functions

Ecosystem functions are defined as the capacity of natural processes
and components to provide goods and services that satisfy human
needs directly and/ or indirectly (De Groot, 1992).

Ecosystem services

(ES) are “the benefits human populations derive, directly or
indirectly, from ecosystem functions” (Costanza et al. 1997). ES are
contributions to human well-being, they make human life both
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possible and worth living. Provisioning, regulating, and cultural
services are distinguished (Haines–Yong and Potschin 2013).
Evaluation

is putting together the information from the assessment and drawing
conclusions.

Evaluation set

specific combination of LUC classification and evaluation tables,
which is applied in the BM. Each ~ has its own name and can be
applied for different model regions.

Evaluation table

is the basis for all calculations (for the results table) in the BM and
invisible for the user during the simulation. It has to be up-loaded for
each tree species in the menu item definition. For every age class,
parameter values need to be available. The number of age classes
depends on the length of the rotation period.

Experts

are usually identified on the basis of qualifications, training,
experience, professional memberships, and peer recognition,
although broader definitions of expertise may include untrained
people who possess direct, practical experience. For example, a
typical expert in landscape ecology might be a practitioner who has
formal training, years of deliberate practice, and whose ability to
solve professional problems has led to their recognition as an
“expert” by their peers (McBride and Burgmann, 2012).

F
Filing system

serves as overview and management system of all existing initial
conditions, simulations, and scenarios. It has a hierarchical structure
and is managed using the context menu.

Functions and services

(F&S) is a term that bundles ecosystem functions and ecosystem
services.

Fragmenting element

is a LUC type which is a barrier for a key species. The species is not
able to conquer this cell.

G
Geographic Information System (GIS) is an organised collection of specific computer hardware,
software, geographic data and personnel designed to efficiently
capture,
store, update, manipulate, analyse and display all
forms of geographically referenced information (e.g. raster/vector)
that can be drawn from different sources (European Commission
2015).

H
Hemeroby

is the degree of the anthropogenic influence on a LUC type. In
GISCAME six degrees of hemeroby are taken into account;
ahemerobe (no anthropogenic influence), oligohemerobe (Limited
removal of wood, limited grazing, immission by water and air),
mesohemerobe (Partly forest harvest, extensive agriculture),
euhemerobe (Intensive agriculture, various forest harvesting
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regimes, fertilization, ploughing, use of pesticides, drainage),
polyhemerobe (Individual biocenosis destroyed and different land
cover instead), and metahemerobe (Natural biocenosis destroyed).

I
Indicator

An indicator is a measure, generally quantitative, that can be used to
illustrate and communicate complex phenomena simply, including
trends and progress over time. ‘An indicator provides a clue to a
matter of larger significance or makes perceptible a trend or
phenomenon that is not immediately detectable. An indicator is a
sign or symptom that makes something known with a reasonable
degree of certainty. An indicator reveals, gives evidence, and its
significance extends beyond what is actually measured to a larger
phenomenon of interest’ (EEA 2005).

Initial condition

is the basic map for any simulation. It is composed of a land use map
and attribute layers, if available. For testing LUC management
strategies, simulation areas can be selected, which are the basis for
scenarios.

L
Land cover

corresponds to the (bio-) physical characteristics of the earth's
surface. It is that which overlays or currently covers the ground. This
description enables various biophysical categories to be distinguished
- basically, areas of vegetation (trees, bushes, fields, and lawns), bare
soil, hard surfaces (rocks, buildings) and wet areas and bodies of
water (watercourses, wetlands) (European Commission 2015).

Landscape

We consider a landscape as an area of human-ecological interactions
“emphasising their economic, cultural and ecological values”
(Termorshuizen and Opdam, 2009). The term landscape is broader
than “ecosystem” as it describes human-ecological systems.
Therefore, within our investigation we have a multifunctional view of
landscapes. We consider natural and cultural aspects “because this
view enables consideration of the landscape as the physical basis for
sustainable landscape development” (Termorshuizen and Opdam,
2009).

Landscape metrics

Landscape metrics (LM) capture composition and configuration of
landscape structure in mathematical terms (Walz, 2006). Processes
and functions of landscapes are strongly linked to the structure of
spatial patterns (Forman, 1995). Not only spatial but also temporal
properties of processes can be characterized within a quantification
of spatial patterns (Wiens, 1989; Levin, 1992; Forman, 1995;
McGarigal and Marks, 1995).

Land use

(LU) corresponds to the socio-economic description (functional
dimension) of areas: areas used for residential, industrial or
commercial purposes, for farming or forestry, for recreational or
conservation purposes, etc. Contrary to land cover, land use is
difficult to "observe". For example, it is often difficult to decide if
grasslands are used for agricultural purposes or not. Distinctions
141

between land use and land cover and their definition have impacts
on the development of classification systems, data collection and
information systems in general (European Commission, 2015).
Land use / land cover

(LUC) covers both, land use and land cover. Both classification
schemes can be applied in GISCAME.

M
Moving window

is an approach to iteratively analyse a region. A defined number of
neighbour cells of a focal cell are considered. Each raster cell of the
map is taken into account. The result of the analysis (in this case:
core area, connected area, or isolated area) is assigned to the focal
cell.

P
Patch

In our studies, a patch is an area in a map consisting of spatially
connected raster cells of the same LUC type. The term is also used in
landscape ecology in relation with the patch-corridor-matrix
(Forman, 1995).

Potential map

is a spatially explicit illustration of the region’s potential to provide
F&S under the current GISCAME settings. Potential maps can be
illustrated and exported as image.

R
Reference scenario

or business as usual- scenario, is the first F&S evaluation of a
simulation area, before any LUC or management change has taken
place. However, also changed landscapes, which are stored as
scenario, can serve as reference for further scenarios.

Region

in the GISCAME context is a geographical, political, administrative, or
economic unit of the earth’s surface. GISCAME works at the
mesoscale, which roughly ranges from single landscapes to nations.
The region’s extent is limited by the browser memory. At the
resolution of 100 meters, for example, the region can measure 200
by 200 kilometres.

Response Unit

(RU) can be interpreted a special manifestation of a patch. In this
case, not only the OUC of spatially connected raster cells is
homogeneous, but also one additional characteristic, which is
defined by an attribute layer (e.g. soil type, age, or protection status).
The term was derived from the term “hydrological response unit”,
which originated in hydrology (Flügel, 1995).

Results table

is the output of the BM, after a simulations was run. It lists the
parameter values for all time steps. The values are cumulated values
of all cells, which provide lignocellulosic biomass. It is the basis for
the scenario development. Every time step can be edited by clicking
at the number of the time step (first column). The descriptions of the
scenario development are listed under the ~ for each time step.
Additional harvest due to clear cut is highlighted in red and added to
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the continuous harvest. In the context of the ~, the potential maps
can be illustrated.

S
Scenario

represents alterative land management trends, which can served as
decision-support for regional planners. In GISCAME, scenarios are
simulations of LUC changes in a spatially explicit manner. However,
spatially inexplicit simulations can be created for comparison.
Normative scenarios (Nassauer and Corry, 2004) are simulations of
landscape patter as they should be according to regional policy.

Simulation area

covers the whole region or a part of it and serves as spatial reference
for any derived scenario.

Stakeholder

Stakeholders are institutions, associations or individuals who are
affected by LUC changes. They can strongly influence both, the
development of LUC change scenarios, but also the decision-making.
The involvement of stakeholders into ES studies is indispensable
(Koschke et al. 2014).

Stand density

is the ratio of the real growing stock to the expected growing stock
according to the yield table (which is based on empirical data of
stands with stand density 1.0). The range is from 0 to 2.0.
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