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Abstract 

Landscape planning supports sustainable development using scientific-based analysis. 
There is a lot of discussion to improve collaboration and participation and to develop a 
more process-oriented and iterative planning process. A two-way communication and there-
fore useful methods and media are needed to enable especially the public of the place to 
take part and improve the results by local knowledge. Landscape metrics (LSM) allow ana-
lysing and evaluating ecological processes and functions in time and scale. Based on two 
examples in Saxony the use of LSM and prerequisites for future collaboration and par-
ticipation possibilities will be described. 

1 Introduction 

Landscape planning supports sustainable development by creating planning prerequisites 
that will enable future generations to live in an ecological intact environment (BFN 2002; 
STOKMAN & VON HAAREN 2012). Existing Geographic Information Systems (GIS) offer 
the needed capabilities concerning the whole planning cycle (VON HAAREN 2004). Data 
capturing for inventory purpose, scientific-based analysis, defining objectives, scenarios 
and alternative futures and planning measures can be carried out by using GIS (STEINITZ 
2012). Transforming the existing planning process to a process-oriented one with new ways 
of interaction technical enhancements are necessary as well as a new planning and design 
style (ERVIN 2012; STEINITZ 2012). 

While landscape planning is based on analytical processes, objectives and measures are 
drawn from scientifically landscape analysis and normative democratically legitimized 
goals (STOKMAN & VON HAAREN 2012). Scientific models and methods (e.g., landscape 
ecology) must be used to get the best results, but in the end the decision is made by poli-
ticians in discussion with the public. Therefore it is necessary to work with as much as 
possible transparency (STEINITZ 2012; VON HAAREN 2004) to produce convincing results 
with great acceptance (VON HAAREN 2004). Communication and understanding of the 
meaning of the planning results are prerequisites for an active participation in the planning 
process. The existing deficits must be redressed. Therefore methods and visualization tech-
niques and media must be developed to enable communication with the people of the place 
(SCHMIDT et al. 2010; STEINITZ 2012). 
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2 Opportunities for Collaboration and Participation in the 
Landscape Planning Process 

The core tasks and phases of landscape planning are inventory and evaluation, planning 
objectives and concepts for development and proposed planning objectives (see Fig. 1). 

 

Fig. 1: Typical landscape planning process (WARREN-KRETZSCHMAR et al. 2012) 

Because landscape planning depends on active participation as the implementation of 
objectives and spatial solutions must be convincing, accurate and legally defensible (VON 
HAAREN 2004; STEINITZ 2012; WARREN-KRETZSCHMAR et al. 2012), methods and tools are 
needed to explain complex and often not visible ecological functions (e.g., biodiversity) and 
processes to the public and decision makers. Therefore, one of the most important required 
qualifications for collaboration and participation is an effective two-way communication 
(SCHMIDT et al. 2010a and b; STEINITZ 2012). Integrated information technologies have the 
central role to enable collaboration using specific media for communication in both 
directions (STEINITZ 2012). 

Especially for aspects that are not easy to visualize (e.g., biodiversity aspects) a medium is 
needed to explain and describe the aspects in a way the people of the place and not only 
professionals can understand (STEINITZ 2012). Therefore, “much more adaptable, reliable, 
and integrated computer-based technologies and [...] more standardized communications 
conventions [...] that all can easily comprehend and share” (STEINITZ 2012) need to be 
developed. In landscape planning it is necessary to link multidimensional perspectives on 
strategic landscape development, because of complexity, large-scale, and long-term im-
plementation periods on the one hand and many concrete and smaller scale projects on the 
other hand (STOKMAN & VON HAAREN 2012). Hence, there is a need for understanding 
change and process over time and scale to link management and experimentation to achieve 
adaptive landscape development. For collaboration a generally accessible and easy to 
update information base is important. Summarising the process of landscape planning 
should be developed from a deductive method with a linear workflow from analysis to ob-
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jectives and measures to a more iterative and collaborative one based on communication 
and meaning (STEINITZ 2012). 

3 Landscape Metrics 

The most commonly used concept to relate patterns to processes in landscape ecology is the 
so-called patch-corridor-matrix model (FORMAN 1995; WALZ 2006) nowadays extended to 
the gradient model (MC GARIGAL & CUSHMAN 2005; HOECHSTETTER 2009). As a 
consequence, landscape metrics (LSM) are used as numerical descriptors of the spatial 
arrangement of landscape mosaics (LANG & BLASCHKE 2007; HOECHSTETTER 2009). They 
can be used to analyze landscape mosaics on three levels (patch, class, landscape) and 
describe functions and processes in time and scale (LANG & BLASCHKE 2007; WALZ 2006). 

Although an enormous number of landscape metrics exist they are not often used for 
landscape planning projects at the moment (HERBERG et al. 2006; PIETSCH & RICHTER 
2008). 

4 Landscape Metrics as a Communication and Collaboration 
Tool 

As described there is a need to explain change and process, complexity, small- and large-
scale projects, evaluate existing situations and impacts of new proposals and to find 
alternative futures in the landscape planning process. Methods and media for a two way 
communication between all involved partners in the planning process must be developed as 
well as easy to update and understand information and methods to collaborate. In two 
examples (Fig. 3 and 4) the use of LSM for the explanation of long-term change and for the 
evaluation of alternative futures and scenarios is described. The research areas are in 
Saxony, Germany. The analyses are based on the official existing environmental data (land 
use, animals and habitats). 

4.1 Landscape metrics to explain large-scale and long term change and 
process 

Isolation as one of the driving forces of biodiversity loss can be described by several 
metrics. The proximity index (PROX) was developed to evaluate isolation of patches of the 
same type within a specified search radius. It is calculated based on the distance and the 
patch area (MC GARIGAL & MARKS 1994; LANG & BLASCHKE 2007). The index can only 
be interpreted in comparison between different scenarios. Higher values represent less iso-
lated (because of distance or patch area), lower values more isolated patches. The index 
was calculated using VLate. 

For decision making it is necessary to evaluate land use scenarios. In Fig. 2 connectivity of 
a specific land use type (dry grassland) under different conditions is evaluated using the 
proximity index. The analyzed patches have a high conservation value and are habitats for 
endangered species. For the selected research area of Saxony all dry grassland patches had 
been selected. The proximity index had been calculated for four scenarios (S 1: existing 
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situation, S 2: patches > 1.500 sq m, S 3: patches > 2.000 sq m, S 4: patches > 2.500 sq m) 
in a distance of 400 m. The scenarios indicate different EU fundings for environmental pro-
tection and evaluate the situation if the funding declines. Patches with black numbers 
remain unchanged, red numbers indicate changes in any direction and patches with 0 are 
absolutely isolated. As you can see in Fig. 2 negative effects can be analyzed in a quanti-
tative and qualitative way under multidimensional perspectives (time and scale). The results 
are transparent and comprehensible. 

 

Fig. 2: Proximity index (PROX) to evaluate qualitative land use change scenarios (black 
numbers: no changes; red numbers: changes) 

Using the same index planned measures can be evaluated to find the best and most effective 
solutions or to discuss different landscape planning solutions in the participation process to 
find the most convincing results. 

4.2 Landscape Metrics to evaluate alternative futures and scenarios 

Physical and functional disconnection of ecological networks based on land use changes are 
a very important topic in environmental planning and can be analyzed and ecologically 
interpreted by using several graph-theoretic metrics (PASCUAL-HORTAL & SAURA 2006; 
ZETTERBERG et al. 2010; PIETSCH & RICHTER 2012). In graph-theory a graph depends on 
links (functional connections) and nodes (e.g., habitats) (URBAN & KEITT 2001). Using 
probability models it is possible to analyze the existing situation (are there any links or not), 
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to evaluate each specific node (importance of each habitat) and to evaluate each functional 
connection. Using these methodologies critical parts of a network and missing links can be 
identified, different patches can be ranked by their importance and natural, man-made or 
planned barriers and breaks can be found (ZETTERBERG et al. 2010; PIETSCH & RICHTER 
2012). 

To show the potential of graph-theoretic metrics the functional connections for the research 
area “Mittelsächsisches Lößhügelland” had been calculated using the free software tool 
Conefor 2.6. Therefore, habitats for a selected species had been defined (coloured circles) 
based on existing environmental data (land use, species) (Fig. 3). Using the Probability of 
Connectivity Index (PC-Index) the importance of the existing situation, existing links, and 
the importance of the existing links had been calculated. The colour represents the value of 
existing habitats depending of different landscape elements and one totally connected 
habitat network on the top. In the middle the expected impact is evaluated if two of the 
habitats will be destroyed (e.g., due to a road planning project). First of all there is a 
negative effect on the functional connection. On the other hand there is a negative impact 
on some of the remaining habitats. Using this method different scenario can be evaluated in 
a fast and simple way. The results can be represented as colored maps or in a more detailed 
way using the calculated values of each link and patch. The results are easy to understand 
for experts and lay people and it is a powerful evaluation and planning tool to find the 
scenario with lowest environmental impact or to visualize effects of different possible 
scenarios. Additionally it is possible to find areas where possible measures have the highest 
effect (PIETSCH & RICHTER 2012). 

5 Conclusion and Outlook 

LSM can be used to evaluate different scenarios, objectives or measures or to analyse, 
evaluate and visualize long term-processes at different scales. The results are easy to 
understand by politicians, stakeholders, decision-makers and the public. They can be used 
as effective tools in the planning and the participation process. Different scenarios can be 
calculated easily and the most convincing and effective measures may be found in an 
interactive participation process. Easy to use and free available software tools for vector 
and raster datasets are available to calculate landscape metrics. 

But on the other hand expert knowledge is needed to verify the results and to select the 
right and useful set of landscape metrics for the specific question (DI GIULIO et al. 2008). 
To use LSM in a two-way communication the participants in the planning process must be 
enabled to use the specific tools via Web-Technologies (FLAXMAN 2010) or while a dis-
cussion forum. For true collaboration experimentation especially of the public and decision 
makers must be allowed to get experience and understand information and processes. 
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Fig. 3: Impact evaluation of a planning scenario on ecological networks using graph-
theoretic metrics 
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Finally software tools are available but in some cases (e.g., graph-theoretic metrics) ecolo-
gical knowledge is missing (PIETSCH & RICHTER 2012) or uncritical interpretation of the 
results might lead to false solutions (LANG & BLASCHKE 2007; FILIP et al., 2008). To solve 
the existing problems interactive WebGIS-Tools including methods like LSM must be 
developed or a new way of designing, communication and collaboration is needed to 
develop sustainable solutions for the future (SCHMIDT et al. 2010; STEINITZ 2012). 
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