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A B S T R A C T  

An important level of biodiversity, alongside the diversity of genes and species, is the diversity of ecosystems 

and landscapes. In this contribution an indicator system is proposed to measure natural diversity (relief, soils, 

waters), cultural diversity (main land use classes, diversity of land use, ecotones, connectivity) and 

anthropogenic impacts (fragmentation, hemeroby, protection).The contribution gives an overview of various 

indicators on landscape diversity and heterogeneity currently used in Germany andEurope. Based on these 

indicators a complementary system, is presented. The indicators introduced here are derived from regular 

evaluations of the digital basis landscape model (BasicDLM) of the Authoritative Topographic-Cartographic 

Information System (ATKIS), the digital land cover model for Germany (LBM-DE) as well as other 

supplementary data such as the mapping of potential natural vegetation. With the proposed indicators it is 

possible to estimate cumulative land-use change and its impact on the environmental status and biodiversity, 

so that existing indicator systems are supplemented with meaningful additional information. Investigations 

have shown that indicators on forest fragmentation, hemeroby or ecotones can be derived from official 

geodata. As such geodata is regularly updated, trends in indicator values can be quickly identified. Large 

regional differences in the distribution of the proposed indicators have been confirmed, thereby revealing 

deficits and identifying those regions with a high potential for biodiversity. The indicators will be successively 

integrated into the web-based land-use monitor (http://www.ioer-monitor.de), which is freely available for 

public use. 
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1 Introduction 
A highly diverse landscape fulfils many vital natural 

functions such as the maintenance of species diversity. The 

diversity of ecosystems and landscapes is an important 

level of biodiversity (Noss, 1990). At the same time it helps 

to maintain functions required by humans to secure their 

quality of life. Thus parameters which capture the diversity 

of landscape structures are of interest both to 

environmental monitoring schemes as well as spatial 

planners and developers. Such indicators can serve not only 

to capture biological diversity but may also have application 

in other ecological fields dealing with the topic of 

landscape. Some examples are the suitability of the 

landscape for recreation (Fry et al., 2009), aspects of the 

local climate (Oke, 2001) or the prevention of agricultural 

erosion (Siyuan et al., 2007). The diversity of landscape 

structure must also be considered when investigating 

ecosystem services and corresponding indicators (Syrbe 

and Walz, 2012). Regional and landscape planners can 

make use of indicators on landscape structure to analyse 

the current state of the landscape and associated natural 

resources. Such evaluations can be used to derive goals for 

future development (Botequilha Leitão et al., 2006; Lang et 

al., 2009). 

Here we understand landscape and landscape diversity 

as a patchwork of cultural and natural elements typical for 

central Europe, arising through man’s activities through the 

ages. Landscape diversity is considered here as the diversity 

of land uses but also the diversity of structures and forms 

(Haber, 2008, p. 92). In this sense, the terms diversity and 

heterogeneity in regard to landscape describe the non-

uniform distribution of a wide range of forms of land use as 

well as linear and point-like structural elements (cf. Turner 

et al., 2003). Waters’ edges or extensive semi-natural 

regions have particular functional characteristics, for 

example acting as connecting corridors between biotopes. 

Furthermore, the diversity of ecosystems or the degree of 

naturalness (hemeroby) (Walz and Stein, 2014) are both 

pertinent to the issue of landscape diversity. 

Diversity in the forms of use across a landscape can be 

captured numerically on the basis of land-use information. 

“Landscape metrics” offer a way to precisely capture the 

composition and configuration of landscape elements. Such 

metrics describe the size, shape, number, type and 

configuration of landscape elements. Spatial analysis by 

means of such mathematical indices enables the 

quantitative analysis of landscape structure (Turner, 1989, 

p. 173; Turner and Gardner, 1991; McGarigal and Marks, 

1995). 

Theories and methods of geo-ecological structural 

analysis have been developed in German-speaking 

countries since the earliest days of landscape ecology 

(Schmithüsen, 1948; Troll, 1968; Haase, 1976). The 

approach was taken up and further refined by researchers 
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in North America in the second half of the previous century 

(Burrough, 1981; Gardner et al., 1987; Turner and Gardner, 

1991; Forman, 1995). North American scientists frequently 

make use of the so-called patch-corridor-matrix-model, 

which describes the structure of a landscape as a matrix of 

some dominant land-use form into which other landscape 

elements are embedded (patches). In addition to extended 

landscape elements there are also linear connecting 

elements of natural original (e.g. rivers and streams) as well 

those created by man (e.g. road networks), both of which 

can be designated as corridors. In the case of the typical 

European landscape with their long history of use and 

diverse forms of anthropogenic intervention, it is often 

difficult to clearly specify a dominant matrix structure. 

Rather the landscape is assumed to resemble a mosaic of 

areal and linear elements that interact closely with one 

another. 

Over the past two decades the concept of landscape 

structure analysis has been widely adopted in Europe 

(Blaschke, 2000; Lang and Blaschke, 2007). Measures of 

landscape structure are no longer of interest only to 

scientific researchers but are also finding application in 

spatial plans and in the field of nature protection (Johnson 

and Patil, 2006; Walz, 2006; Botequilha Leitão et al., 2006; 

Uuemaa et al., 2009). Certainly the availability of the free 

software FRAGSTATS has contributed to this wider usage 

(McGarigal, 2002). Calculation of these metrics is frequently 

a useful complement to current methods. At the same time 

there still exist many obstacles or uncertainties regarding 

the selection and significance of individual indices (Li and 

Wu, 2004; Corry and Nassauer, 2005; Schindler et al., 

2014). Overviews of the huge number of metrics that have 

been proposed to describe landscape structure can be 

found in O’Neill et al. (1988), McGarigal et al. (2002) and 

Walz (2001). 

To monitor the natural and cultural landscape, 

indicators are required to assess “primary” (natural) 

diversity as well as to capture “secondary” diversity (Walz 

and Syrbe, 2013, p. 3), namely that associated with human 

activity. Although there exists a large range of indicators 

and systems to capture and monitor diversity at the level of 

landscapes, these are not consistently or comprehensively 

applied. 

Against this background, the main aims of the study 

are: 

- to give an overview of indicator systems in Europe 

and Germany 

- to elaborate the methodological background of 

indicators on landscape structure and diversity 

- to develop, conduct and discuss a model for a 

nationwide landscape assessment based on 

landscape indicators. 

As a result this paper proposes a set of indicators on 

structural landscape diversity which can be regularly 

updated on the basis of official geodata. These indicators 

can be used to assess the condition of the landscape and 

identify any significant change. 

2 Methods 

2.1 Theoretical considerations on indicators and 

landscape monitoring 

Indicators should allow the measurement of 

characteristics that are otherwise difficult to capture, such 

as changes in the landscape and repercussions on 

biodiversity. They must simplify and clarify complex 

interactions and developments, while permitting 

visualisation on the basis of concrete spatial units 

(Bollmann and Koch, 2001, p. 395). “Indicators are 

methodological constructs which make use of various 

measurable forms of information in order to provide a 

quantifiable statement in regard to a selected 

phenomenon” (Barkmann, 2004, p. 582). A set of landscape 

indicators can be regarded as a model of reality, providing 

simplified but significant information on the state and 

development of the landscape system. The individual 

indicators are themselves based on models of landscape 

and species ecology, e.g. on habitat models. 

The necessary base data should be already available or 

easily gathered with a reasonable degree of effort. It is also 

important that such base data are regularly updated and 

are exhaustive for the area of investigation. Indicators must 

fulfil three main functions (based on León, 2005, pp. 4–7): 

 

1.  Function of communication and information: Indicators 

can contribute to the practical implementation of 

measures by illustrating the status quo as well as areas 

where action is required. In order to influence target 

groups and actors such as politicians and citizens, it is 

necessary that indicators give a highly objective and 

easily comprehensible picture of the current situation. 

2. Function of analysis and evaluation: In order to monitor 

activities as well as the impact of political strategies and 

funding programmes, it is necessary that indicators can 

provide comparable findings on any topic of interest 

over a long time period. This enables the identification 

of development trends as well as progress made or 

indeed setbacks. 

3. Planning function: Indicators can reveal where action is 

required by describing the general state of affairs (see 

points 1 and 2) as well as providing more detailed 

spatial information to permit the identification of 

problem sites within any planning region. 

 

The primary focus of this paper is on landscape 

monitoring, defined by Blaschke as “the planned 

investigation of a landscape at regular intervals”, serving to 

“capture and analyse changes and developments in its 

structure, function and human use.” (Blaschke, 2002, p. 

116). Such landscape monitoring is indispensible for the 

protection of natural resources. Legal and political goals in 

nature protection at the regional, national or European 

level can only be maintained and assessed by means of a 

permanent system to monitor landscape diversity and 

changes in land use. Article 7 of the Convention on 
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Biological Diversity provides legal backing for such 

monitoring (Blaschke, 2002, p. 119). 

A system of extensive landscape monitoring, such as 

for the entire territory of Germany, must have the following 

features (Blaschke, 2002): 

- regular data capture at defined intervals, 

- the use of GIS and remote sensing data, 

- individual landscape elements are not the primary 

interest but rather changes to the mosaic of 

individual landscape patches, 

- a focus on key indicators that are easy to capture 

over long time periods and which represent critical 

factors of landscape development, 

- a high degree of abstraction and a strict focus on 

land use. 

The underlying notion is that patterns of land use reflect 

basic functions and process, so that changes to these 

patterns (the disruption of landscape structures by 

intensive farming, construction, fragmentation, etc.) 

indicate that landscape functions have been transformed 

(Blaschke, 2002, p. 119). 

Furthermore, in regard to species diversity, this indicator 

system implies that (Hoffmann and Greef, 2003): 

- preservation of biological diversity does not entail 

maximizing the number of local species, but rather 

maintaining the normal level of diversity for any 

landscape, 

- target values should be estimated on the basis of 

existing patterns (primary landscape structure). A 

general target value should not be specified; 

instead values should reflect the historical 

landscape pattern, 

- diversity is achieved both through a diverse range 

of land use systems (encouraging high species 

diversity) as well as through a mix of monotonous 

yet unique landscapes (encouraging those species 

which require landscape monotony). A regularly 

patterned mix of landscapes would in itself 

constitute a form of monotony. 

 

 

 
Fig. 1. Parameters to assess landscape structure and diversity. 

Source: Walz (2013). 

 

 

In order to analyse the composition and configuration 

of the landscape, it is necessary to choose some form of 

unit that can be clearly defined spatially. Potential 

candidates are regular geometric units such as raster cells 

(e.g. 1 km2), administrative units such as municipalities or 

some kind of natural spatial unit. 

In view of the focus on target values and requirements 

for landscape management, it makes sense to adopt 

administrative units such as the territory of municipalities 

as reporting unit. Natural units or the geometry of 

ecological spatial classification (Schröder and Schmidt, 

2001) are less useful in this context. Also feasible is the 

application of a regular grid, with cells assigned to 

individual municipalities, thereby ensuring a uniform size of 

spatial unit. 

Another important issue is the scale of analysis and the 

underlying data sources (Baldwin et al., 2004; Buyantuyev 

and Wu, 2007). “Landscape complexity differs as the scale 

of analysis is changed” (Blaschke and Petch, 1999), because 

“a boundary or a patch or a corridor at one scale may 

disappear or become a different structure at another 

scale”. For the comparison of different landscapes (or 

landscape units) over time, it is important that the scale of 

investigation as well as the spatial and thematic resolution 

of the data is consistent. 
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2.1 Model for an indicator system on structural 

landscape diversity in Germany 

Building on previous theoretical considerations (Walz, 

2013), the literature review of existing indicator systems in 

Europe and Germany (see Section 3.1) as well as practical 

tests, a set of parameters was determined to capture 

landscape diversity (Fig. 1). One basic requirement was that 

the parameters could be calculated at the national level 

and that the necessary geodata was available or would be 

available in the foreseeable future. 

The set of parameters was divided into 3 groups: those 

describing natural diversity, those describing land use 

diversity and the cultural landscape, and thirdly those 

determining the degree of anthropogenic disturbance. This 

third group includes, for example, parameters to capture 

fragmentation, or conversely, the targeted protection of 

particularly valuable habitats from disturbance. 

The selected parameters are primarily indicators of the 

condition of a landscape, so that their regular updating 

reveals trends in the state of the environment and in 

biological diversity. One exception is the parameter 

“proportion of protected habitats”, which can be classified 

as a response indicator (Fig. 1). All indicators are derived 

from ATKIS datasets. Some indicators exploit other data 

sources available at the national level. 

 

 

Table 1 
Comparison of digital vector datasets on land use and of elevation data. 

 

Vector data on land cover and use  

 ATKIS CORINE Land 
Cover 

DLM-DE LUCAS DeCover BTNLK  
BTLNK 

Scale 1 : 25,000 
Created on the basis 
of DGK5, TK10, TK 25 
and orthophotos 
(depending on the 
Land)1 

1 : 100,000 
(> 25 ha) 

> 1 ha Uniform sample 
network of mesh 
size 2km 

1 : 25,000 
(5 m resolution) 

Scale 1 : 10,000, 
Target scale 1 : 25,000 
1 : 10,000 

Nomenclature 155 object types, 
additional attributes 
for further 
classification  

44 classes, of 
which 37 
applicable to 
Germany 

37 classes 75 classes, others 
combinations 
possible in forests  

35 object types 38 types of biotope,  
very many additional 
attributes for further 
classification 

Updating < 4 years 6-10 years 5 years 
(planned) 

Unclear 36 months No updating, irregular 
updating  

Coverage Germany Europe Germany Europe Only test areas, 
planned for BRD  

Only individual Länder  

Source  Survey agencies of the 
Länder 

Federal Statistical 
Office 

Federal Agency 
for Cartography 
and Geodesy 
(BKG) 

Statistical Office of 
the EU (Eurostat) 

DeCOVER Geodata 
portal2 

Regional agencies for 
environmental and 
nature protection  

Elevation Data 

 DGM10 DGM25 Lidar TerraSAR / 
Tandem-X 

SRTM 

Spatial 
resolution 

10 m 20 to 40 m, depending 
on the individual Land  

< 1 m possible Diverse modes (depending on 
image width):  
HighResolution: up to 1 m 
SpotLight: up to 2 m 
StripMap: up to 3 m, ScanSAR: 
up to 18 m  

Approx. 25 m 

Resolution of 
elevation (in 
steps) 

1 cm 1 cm Centimetres to 
decimetres 

 1 m 

Frequency of 
updating  

Annual updating cycle 
planned 

Irregular Individual aerial 
campaigns  

11 days One-time  data capture  

Accuracy 
(elevation) 

±0.5–2 m Depending on terrain ± 
1.25 m to 5 m 

> 3-5 cm 5-10 m ±16 m 

Accuracy 
(location) 

±0.5–3 m 1–3 m < 10 cm 5-10 m ± 20 m 

 

Compiled by U. Walz. 

a cf.: Meta information system of the BKG-Geodata Centre:  

http://www.geodatenzentrum.de/isoinfo/Iso Prod Ueber.iso ueber produkt?prodid=1&iso spr id=1&iso spr web=1 (28.07.2014). 

b http://decover-geoportal.info/decover/portal (28.07.2014). 

                                                                 
1  cf.: Meta information system of the BKG-Geodata Centre: 

http://www.geodatenzentrum.de/isoinfo/Iso_Prod_Ueber.iso_ueber_produkt?prodid=1&iso_spr_id=1&iso_spr_web=1 
[27.05.2014] 

2  http://decover-geoportal.info/decover/portal [27.05.2014] 

http://www.geodatenzentrum.de/isoinfo/Iso_Prod_Ueber.iso_ueber_produkt?prodid=1&iso_spr_id=1&iso_spr_web=1
http://decover-geoportal.info/decover/portal
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A comparison of available vector data on land cover 

and land use in Germany reveals that only official geodata 

such as the digital basis landscape model of the 

“Authoritative Topographic Cartographic Information 

System” (ATKIS Basis-DLM) offers a solid basis for the 

regular monitoring of the territory of Germany (Table 1). 

These datasets are consistently updated and are available 

at high thematic resolution. An alternative source of data is 

CORINE Land Cover, although the thematic depth is less rich 

and spatial resolution lower. The new “Digital Land Cover 

Model for Germany” (LBM-DE) dataset is an improvement 

in terms of the high spatial resolution (1 ha) and more up-

to-date information on vegetation classes. All other sources 

of data may be superior in some individual feature (e.g. 

thematic resolution) but patchy in terms of coverage or not 

regularly updated. 

Data on elevation supplied by the survey agencies of 

the Länder, for example DGM10, is well suited to landscape 

monitoring at the national level. Lidar data offers a very 

good spatial resolution while also providing information on 

surface features, including vegetation and buildings. 

However, coverage of this dataset is patchy and not 

regularly updated, and thus does not ensure the regular 

monitoring of changes in elevation at sufficiently high 

resolution. Earth-observing radar satellites could remedy 

this situation in the future. 

The calculation of indicator values was realised using 

the geoinformation system ArcGIS from ESRI. Simple 

measures were generally applied such as the density of 

edge lengths or the proportion of areas, etc. Landscape 

measures were in part calculated using FRAGSTATS 

software or Patch Analyst. An overview of the employed 

formulae with a description of the landscape metrics is 

given in Table 2. The investigation of actual surfaces to 

determine the diversity of reliefs followed the method of 

Jenness (2004) (cf. Hoechstetter et al., 2008). 

 

 

 
Table 2 

Metrics employed for landscape diversity. 

 

Name Formula Description and Source 

 
Cohesion Index 

 

 

The stronger the connectedness of individual pixels in a land use class 
(clumping) the smaller the resulting value (0 = a single patch, 100 = minimal 
connectedness). (MCGARIGAL ET AL. 2002) 
 

Effective Mesh Size 
(modified) 

 

The “modified effective mesh size” also takes account of sections of a 
connected area which lie outside the reporting unit.(MOSER ET AL. 2007) 
 

Interspersion and 
Juxtaposition Index 

 

IJI has a value of 100 when patch types are equally adjacent to each other. As 
patches of the same type clump together, IJI approaches 0. (MCGARIGAL ET AL. 
2002) 
 

Proximity Index 

 

The areas of all patches within a defined radius to the focal patch weighted to 
the shortest distance to the focal patch. 
(MCGARIGAL ET AL. 2002) 
 

Shannon Evenness Index 

 

SEI = 0 when there is a large disparity between the total area of each class; SEI = 
1 with uniform distribution.(MCGARIGAL & MARKS 1995) 
 

Shape Index 

 

Ratio of the actual perimeter of a patch to a circle of the same size.(MCGARIGAL 

& MARKS 1995) 

 

compiled by U. Walz. 

m = Number of classes; N = number of patches within a landscape or subset; ni = number of patches of class i; pi = percentage of area of class i; dij = distance in m 

to the next neighbour of the same class; A = total area of the landscape/reporting unit (m2 ); aij = area (m2) of patch ij; pij = perimeter (m) of patch ij; eik = total 

length of edges (in m) between class i and k; E = total length of edges (in m) in a landscape; Ui  = size of unfragmented open space inside the boundaries of the 

reporting unit; Ui
cmpl = the area of the complete unfragmented open space that Ui is a part of, i.e., including the area on the other side of the boundaries of the 

reporting unit. 

 

 

3 Results 

3.1 Current indicators on landscape diversity in 

Europe and Germany 

At the European level the monitoring of biodiversity 

has been promoted for several years. In 2000 the European 

Environment Agency published a report on landscape 

diversity in the EU (EEA – European Environment Agency, 

2000) in which indicators were used to capture landscape 

fragmentation, structural diversity or heterogeneity of land 

use as well as the spatial configuration and composition of 

landscapes (see especially Gallego et al., 2000 in the report 

mentioned). 

In the framework of the EU project “Spatial Indicators 

for European Nature Conservation” (SPIN) (Bock et al., 

2005) the potential of metrics on landscape structure to 

assist in pan-European nature protection was investigated, 

particularly for the Natura 2000 network of protected sites. 

One measure of landscape structure employed in this 

project was an analysis of the ecologically effective size of 

protected areas. 
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Eurostat has derived landscape indicators from the 

LUCAS land use/cover survey (Palmieri et al., 2011). 

Regarding landscape structure, indicators have been 

developed to capture the number of diverse forms of 

ground cover; linear structural elements such as grass 

margins and tree rows, shrubs, watercourses and dry-stone 

walls; dissecting linear elements of transport infrastructure 

as well as indicators on the diversity of land use (Shannon 

Diversity Index and Shannon Evenness Index). 

The enacting of the EU Biodiversity Strategy 

(Commission of the European Communities, 2006) has led 

to increased efforts to integrate the topic of biodiversity 

into other political areas. Thus a part of annual subsidies to 

agriculture is now dedicated to the preservation of 

biodiversity. The state of the environment, in particular 

biodiversity, is now regularly monitored using a dedicated 

system of indicators. Of these, the indicator “High Nature 

Value farmland and forestry” is closely linked to landscape 

diversity (Commission of the European Communities, 2006, 

Annex F). Behind this indicator lies the assumption that 

extensive farming methods featuring high proportions of 

semi-natural vegetation and a high diversity of land use will 

contribute to species diversity or to the protection of 

endangered species and habitats (European Communities, 

2009, pp. 5–6). 

A set of 35 indicators was developed as part of the 

IRENA project (“Indicator Reporting on the Integration of 

Environmental Concerns into Agriculture Policy”) (EEA – 

European Environment Agency, 2006). From this large set, 

the parameters “density of land use elements” (patches) 

and “number of linear elements” can be used to estimate 

the fragmentation of land use. However, the indicators of 

the IRENA project remain experimental in nature and are 

not regularly or comprehensively updated. Effective mesh 

size is the only metric on landscape fragmentation to find 

wide application throughout Europe (EEA – European 

Environment Agency, 2011). The so-called “Streamlining 

European 2010 Biodiversity Indicators” were specially 

developed to monitor the degree of biodiversity (SEBI 2010 

Indicators). The proposed list comprises 26 indicators, the 

majority borrowed from other systems, with only a few 

newly developed. Two indicators, based on data from 

CORINE Land Cover, deal with landscape diversity (EEA – 

European Environment Agency, 2007, Annex 1). The SEBI 

indicator “ecosystem coverage” captures changes in the 

extent of 13 ecosystem types (proportional and absolute 

values) whilst the indicator “fragmentation of natural and 

semi-natural areas” identifies changes in the average size of 

patches of natural and semi-natural sites (EEA – European 

Environment Agency, 2007, Annex 1). 

Summarising, we can say that at the European level 

there already exists a large variety of indicators to measure 

changes in land use, landscape structure and biodiversity. 

However, as these are frequently derived from low 

resolution datasets (generally CORINE Land Cover of scale 

1:100,000), it can be supposed that trends are not fully 

captured. Furthermore, base data may be only partially or 

sporadically updated, or not at all. As indicators are 

frequently introduced to serve a specific political goal, they 

are in some cases only updated for the lifetime of a specific 

programme (e.g. agricultural indicators). 

In Germany the following indicator systems are 

currently employed to monitor developments in land use 

and their environmental impact: 

- Indicators on Sustainable Development in 

Germany (German Federal Government, 2002), 

- The Core Environmental Indicator System of the 

Federal Environment Agency (KIS), 

- Core Indicators of the Länder (LIKI), 

- The Environmental-Economic Accounting of the 

Länder (UGRdL), 

- The Spatial Monitoring Programme of the Federal 

Institute for Research on Building, Urban Affairs 

and Spatial Development (BBSR) 

- Indicators of the National Strategy on Biological 

Diversity (Federal Ministry for the Environment, 

Nature Conservation and Nuclear Safety – BMU, 

2007). 

A survey of the various systems of indicators employed 

at the national level reveals a large number of diverse 

metrics. In part these systems borrow from one another to 

avoid duplicating processes of data capture and analysis. At 

the same time it is clear that the system to monitor 

diversity at the national level is not sufficiently 

comprehensive. The individual indicators to capture the 

structures of land use are not consistently applied (e.g. to 

capture fragmentation). Thus despite previous attempts to 

develop indicators on landscape structure (Hoffmann, 

1998), such as in the Environmental-Economic Accounting 

of the Länder, there is still a lack of indicators to adequately 

capture landscape diversity in Germany. 

In its environmental survey of 2004, the German 

Advisory Council on the Environment (SRU) suggested 

introducing an indicator on species diversity to help identify 

landscape and habitat diversity (SRU– Sachverständigenrat 

für Umweltfragen, 2004, p. 124). Currently the indicator 

“high nature value farmland” (HNV) (Fuchs et al., 2011) 

comes closest to meeting this aim. Metrics are also needed 

to analyse landscape fragmentation, yet currently there 

only exists a proposal for a method to measure 

fragmentation (Ackermann and Schweppe-Kraft, 2010). 

In other countries, such as Switzerland, there already 

exist additional indicators on this topic, for example to 

capture landscape fragmentation (Jaeger and Schwick, 

2014) or in the framework of biodiversity monitoring 

(Federal Office for the Environment (FOEN), 2009, 2010, 

Annex IV). Here we particularly highlight the indicators 

“length of linear landscape elements” and “diversity of land 

use and land cover” to describe the diversity of the 

landscape and ecosystems. The indicator “length of linear 

landscape elements” detects changes in the length of 

rivers, streams, hedges and forest margins per square 

kilometre, while the indicator “diversity of land use and 

land cover” measures the frequency of transition from one 

type of use to another within a square kilometre. A further 

example is the Countryside Survey in the UK, which detects 

changes in linear elements such as hedges and stone walls. 

In Germany such elements are still only identified by the 
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index on small structures within agricultural landscapes 

(Neukampf, 2010), which is maintained to meet legal 

guidelines for the regulation of plant protection products. 

Ecological indicators are becoming increasing 

employed in the assessment of ecosystem services. Thus in 

the latest Strategy on Biodiversity, the European Union calls 

on member states to map and report on ecosystem services 

within their national territories (European Commission, 

2011). Currently a whole series of such reports are being 

drawn up. Until now spatial-structural aspects have not 

been explicitly incorporated into the concept of ecosystem 

services (Costanza, 2008, p. 351; Fisher et al., 2009, p. 650), 

yet are being increasingly acknowledged in the 

investigation of individual ecosystem services (Frank et al., 

2012; Syrbe and Walz, 2012). 

3.2 Proposed indictors for landscape monitoring in 

Germany 

3.2.1 Indicators on the diversity and heterogeneity 

of the natural landscape 

The ratio between the planimetric (two-dimensional) 

and ‘true’ surface can be used as a parameter to describe 

relief diversity (Walz, 2013; Walz et al., 2007). Calculation 

of the ‘true’ surface area is on the basis of the digital 

elevation model DKM 10 supplied by the survey offices of 

the Länder (Table 1). The true surface is found to be around 

1.3 times larger than the planimetric surface. Germany’s 

upland areas and alpine regions display particularly high 

values for relief diversity (Fig. 2, left). 

A nationwide evaluation of the diversity and 

heterogeneity of soil types has so far been hindered by the 

fact that in Germany data on soils is only available at scale 

1:1,000,000. 

In order to determine the density of waters’ edges, all 

permanent linear surface water present in ATKIS were 

evaluated (i.e. streams, rivers and ditches). Also included in 

the calculation were the edges of nonlinear objects such as 

lakes, ponds, etc. Excluded from consideration were, 

however, artificial elements such as canals. The results gave 

a highly differentiated picture (Fig. 2, right) for the territory 

of Germany, in which areas with few surface waters such as 

the karst landscapes of the upland areas are clearly visible. 

This parameter not only characterises the natural 

landscape; at the same time waters’ edges are themselves 

vital biotopes between land and water-based habitats.  

 

 

 
Fig. 2. Indicators on diversity and heterogeneity of the natural landscape. 

Maps: U. Walz. 
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3.2.2 Indicators on the diversity and heterogeneity 

of land use 

3.2.2.1 Proportions of main land use classes.  

The proportions of pasture (including land used for the 

production of fodder), forested areas as well as basically 

unused areas such as heath, moor, marsh and non-

vegetations areas shall be adopted as separate indicators 

for the main habitats of animal and plant species outside of 

arable land due to their low intensity of use. 

Indicator: proportion of pasture. Pasture is an 

important element of agricultural land use, of the cultural 

landscape and a major habitat for numerous species of 

animal and plants. It protects the underlying soil and soil 

fertility, conserves water and functions to protect the 

climate as well as offering space for recreation. In the past 

few years there has been a striking increase in agricultural 

activity with large areas of pasture converted into arable 

land; this has also affected ecologically-sensitive landscapes 

such as moor and water conservation areas. Such 

upheavals in land use can also be found in Natura 2000 

areas and flood plains (BfN – Bundesamt für Naturschutz, 

2009, p. 3). 

These dramatic trends have a major ecological impact 

and bring with them considerable dangers, yet currently 

there is a lack of up-to-date and comprehensive 

information on the proportion of pasture and its condition. 

In view of the high pace of change, even the data contained 

in ATKIS is insufficiently topical. Furthermore, the land use 

classes within ATKIS are not accorded the highest priority 

for updating. Yet ATKIS is currently the only source of 

comprehensive spatial data to capture long-term trends 

and the spatial patterning of land use classes. 

Areas displaying high values include the North Sea 

coast and its hinterland as well as the Eifel and the Alpine 

region (Fig. 3, left). It is noticeable that pasture is a more 

prominent form of agricultural land use in western German 

than in the east. This parameter shows a wide range of 

values at the district level with the maximum of75.6% in a 

rural district in Lower Saxony. 

Indicator: proportion of forest. Forests are of great 

ecological importance as habitats for animals and plants. In 

addition they regulate the climate (local climate/micro 

climate; carbon sinks), offer protective functions (soil and 

erosion protection; protection against air pollution; natural 

buffers against noise and visual pollution), regulative 

functions (natural water stores; flood water retention) and 

social functions (relaxation; tourism) whiles also helping 

agriculture. 

 

 

 
Fig. 3. Main biotope types relevant for biodiversity in Germany. 

Data from 2010, base data: ATKIS 2010. 
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The ratio (in percent) of forested land is particularly 

high in upland regions such as the Black Forest in the south 

west of Germany, the Bavarian Forest in the south east as 

well as Odenwald, the Harz mountain range and the 

Thuringian Forest (Fig. 3, right; Landcape names see also 

Fig. 8). On the other hand, highly cultivated regions with 

valuable soil, such as in parts of central Germany, possess 

little forest. 

Indicator: proportion of heath, moor, marsh and non-

vegetation areas. Areas which most closely reflect original 

forms of vegetation are, in Germany, moors and marshes, 

heathland as well as high mountainous areas such as 

glaciers, areas of scree and rock. These landscapes are 

subject, if at all, to very low intensity use, and thus are 

scarcely disturbed by human activity. In order to create a 

useful indicator, all expanses of moor, heath, marsh and 

non-vegetation sites (rock, sand, ice) from ATKIS were 

combined. 

 

 

 
Fig. 4. Metrics on diversity and heterogeneity of the landscape matrix with the municipality as reporting unit. 

Calculations and presentation: U. Walz; base data: ATKIS 2010. 
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3.2.2.2 Diversity and heterogeneity of the landscape 

matrix 

To derive indicators for the entire landscape matrix, 

first a non-redundant dataset was created by a pre-

determined layering of data files, in which all land use 

classes were contained in one level. ATKIS was originally 

provided in different levels for the individual forms of use, 

between which overlaps could occur by definition. For the 

purposes of illustration, three of Germany’s federal states 

will be presented here: Baden-Württemberg, Saxony and 

Schleswig-Holstein. These three states encompass 

mountainous areas as well as coastal sites both in western 

and eastern Germany. 

The types of land use were gathered into 14 classes for 

evaluation in order to ensure a balanced distribution of 

classes. The results are presented at landscape level for all 

classes of use (Fig. 4) by employing three indices, namely 

“Shannon Evenness”, “Shape” and “Interspersion and 

Juxtaposition (IJI)”. Complexity of shapes and IJI have been 

shown e.g. by Lausch and Herzog (2002) and Cushman et al. 

(2008) to be important and meaningful measures of 

landscape configuration. Regarding the Shape Index, the 

western coast of Schleswig-Holstein is characterised by 

compact, highly regular shapes of the landscape elements, 

whilst towards the interior there are many more diverse, 

irregular landscapes. These results clearly reflect the 

occurrence of marshlands on the west coast, featuring 

dyked land and reclaimed areas crisscrossed by a regular 

network of paths and canals. In more raised, long-settled 

areas (so-called Geest landscapes), the history of 

cultivation, the areas of settlement and the relief all 

combine to create more diverse shapes. In Baden-

Württemberg the region known as the Swabian-Franconian 

Jura is characterised by a complex patchwork of small 

landscapes (e.g. small arable sites, heathland, villages). On 

the other hand, the Black Forest is recognisable due to its 

large swathes of contiguous for-est. The Mittlere 

Neckarraum, which not only features a number of 

conurbations but also traditional small-scale landscape 

structures and a high degree of fragmentation, displays a 

wide range of values. Also in Saxony settlement areas can 

be easily distinguished as more complex forms, whereas 

the Ore Mountains–similar to the Black Forest – has lower 

values in view of its compact landscapes. 

The Interspersion and Juxtaposition Index enriches this 

picture with additional information. High values indicate a 

uniform distribution of the various classes of land use. In 

the Black Forest of Baden-Württemberg one class is highly 

dominant. This is certainly forest. In cities the dominant 

land use class is settlement, as can be seen in Saxony in 

regard to the cities of Leipzig and Dresden. The picture 

offered by the Shannon Evenness Index is rather similar. 

When interpreting values at the level of the complete 

landscape matrix, a recognisable and meaningful pattern 

can be discerned. Yet additional complementary indices 

must be applied for a clearer picture. Without a more 

detailed investigation it remains difficult to classify the 

individual forms of use or combinations of these. Therefore 

evaluations at the level of (primary) classes of use must be 

undertaken. If the individual classes such as forest or 

pasture are investigated, then it is possible to detect 

clumping of patches (cohesion) or neighbourhood 

relationships (e.g. Proximity Index) between the individual 

elements (Fig. 5). Thus the Cohesion Index applied to 

patches of forest reveals those areas with strong 

connectivity. In Saxony, for example, this can serve to 

highlight those areas primarily used for farming, and which 

are therefore sparsely wooded. 

 

3.2.2.3 Ecotones 

Ecotones are transitional areas between habitats. As 

such they are home to a particularly rich variety of species, 

not only those of the adjacent communities but also species 

that have become specialised to the ecotone itself (Hansen 

and di Castri, 1992; Duelli, 1997, p. 82). Indicators are 

therefore proposed to capture ecotones associated with 

woodland. Ecotones are also found at waters’ edges, yet 

these are already captured as a separate indicator. 

Unfortunately, margins that would provide useful 

information, such as pathway edges, cannot be directly 

derived from ATKIS data. Paths themselves can, however, 

be identified using ATKIS, so that path density can provide a 

useful starting point. 

The calculation of the perimeter of forest-dominated 

ecotones takes account of all hedges, tree rows and the 

margins of small copses as well as all forest margins. Forest 

margins alongside intersecting roads or paths are only 

considered if these are presented as extended objects in 

ATKIS. 
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Fig. 5. Landscape metrics at the class level with the municipality as reporting unit. 

Calculations and presentation: U. Walz 2012; base data: ATKIS 2010. 

 

 

The results shown in Fig. 6 (left) offer an interesting 

picture of the distribution of such forest-dominated 

ecotones in which high values are found in upland areas in 

contrast to the much lower values where land is intensively 

farmed. Areas of closed forest, such as the Bavarian-

Franconian forest in the north-east of Bavaria, also display 

low values. High values are found, particularly, in Schleswig-

Holstein as well as in parts of North Rhine-Westphalia, 

Brandenburg, Thuringia and Mecklenburg-Vorpommern. 

Differences in regional distributions can be attributed to 

the diverse character of landscapes: relatively high values in 

Bavaria are in part due to the many small areas of forest 

typical to some landscapes, whilst in northern Germany the 

same effect is caused by extensive hedgerows (for example 

the so-called Knicklandschaft in Schleswig-Holstein). One 

drawback is that no differentiation can be made of the 

qualities and characteristics of linear elements. High 

densities in cities such as Berlin can be attributed to a high 

proportion of tree-lined streets and avenues. 
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Fig. 6. Linear elements. 

Maps: U. Walz. 

 

3.2.2.4 Density of rural roads 

ATKIS recognises two relevant categories of roadway 

below that of the standard road network: rural (hard 

surface) roads and farm or forests tracks (mostly unpaved). 

Calculation of the densities of both of these categories of 

roadway gave surprisingly high values of more than 8 

km/km2. Unfortunately, despite intensive research, no 

comparable figures on the density of farm and forest roads 

could be found in the published literature.  

Such rural roads are interesting for two reasons: firstly, 

they are generally accompanied by a grassy margin. If the 

road is unsurfaced then it functions as a linear biotope. 

Secondly, if farm roads are sealed then they function as 

barriers. This effect was already discussed in the 1980s by 

Mader (1984). 

The densities mapped in Fig. 6 (right) also clearly 

illustrate those areas in Germany formerly subject to the 

so-called Realteilungsrecht system of land inheritance in 

which a plot was divided up into very small parcels upon a 

landowner’s death depending on the number of heirs. 

Access had to be secured for these parcels, usually in the 

form of unsealed roads. When rural plots were 

consolidated, these networks of roads were restructured; 

and yet such regions have until today retained a highly 

dense network of (frequently sealed) roads and pathways. 

In other regions, e.g. the Ore Mountains along the southern 

border of Saxony, an arrangement of elongated strips of 

farmland (so-called Hufen), where each strip is 

accompanied by a path, contribute to high values for 

roadway density. In Germany’s forests there can generally 

be found dense networks of paths. 

3.2.3 Indicators on anthropogenic impacts and 

disturbances 

3.2.3.1 Unfragmented open space. 

Regarding the topic of landscape fragmentation, the 

following indicators are proposed to supplement the official 

monitoring system: 

- Proportion of unfragmented open space >50 m2 of 

reporting unit, 

- Proportion of unfragmented open space >100 m2 

of reporting unit, 

- Effective mesh size of open spaces (modified). 

The indicator “effective mesh size of open spaces” 

(standard method after Jaeger, 2000) is a metric to capture 

landscape fragmentation caused by technical elements. The 

larger the effective mesh size in a target area the lower the 

fragmentation of the landscape. Here a modified method 

was applied to incorporate truncated areas which extend 

beyond the reporting unit (Moser et al., 2007). 

To calculate the base geometry of unfragmented open 

space with GIS support, all major roads from district level 

upwards were captured, along with multi-track stretches of 

the railway network (or single-track stretches when 
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electrified) as well as canals and settlement areas. As it was 

impossible to incorporate cross-border data, the calculation 

was carried out on a national basis for which Germany’s 

borders were assumed to be fixed barriers. Thus in reality 

much larger areas of unfragmented open space can extend 

across the national borders than results indicate. In Fig. 7 

the main clusters of unfragmented open space can be easily 

seen, primarily located in Brandenburg, Mecklenburg-

Vorpommern and northern Saxony-Anhalt. In the state of 

Baden-Württemberg open space is largely restricted to the 

Black Forest and in Bavaria to the Alps. Other clusters can 

be observed in Rhineland-Palatinate (Pfälzer-wald) in 

Thuringia and in Lower Saxony. In 2010 there were 142 

parcels of open space larger than 100 km2 and 573 parcels 

bigger than 50 km2 . 

 

 

 
Fig. 7. Basic geometry and statistics of unfragmented open space. 

Map and chart: U. Walz. 

 

The map of the effective mesh size of open spaces in 

rural districts and urban minicipalities reveals clear spatial 

disparities across the country, ranging from a minimum 

mesh size for Herne in the Ruhr region in Nortrhine-

Westphalia to a maximum for Garmisch-Partenkirchen in 

the Bavarian Alps.3 

 

3.2.3.2 Fragmentation of forests 

Large contiguous areas of wood-land are vital for 

nature protection by offering habitats for animals and 

plants at the same time as providing local people with areas 

for relaxation. The size of uninterrupted woodland is an 

important criterion for the classification of such areas 

regarding the level of nature protection (Burkhardt, 2004). 

Fritz (1984) carried out an early analysis of forest 

fragmentation, specifically to aid the West German 

                                                                 
3 See http://www.ioer-
monitor.de/index.php?id=8&idk=1413 (28.07.2014). 

government in the planning of the national network of A-

roads. Although only forests of sufficient size were 

considered in the analysis, the lower limit was adjusted to 

reflect the proportion of woodland contained within a 

district (from 5 km2 for districts with little woodland up to 

20 km2 for those with extensive forested land). 

More recent sources also point to forest size as an 

important criterion for ecological value. For example, 

Burkhardt (2004, p. 28) gives the following classification in 

regard to the nature protective function of areas of 

woodland: 

- Areas of forest >5000 ha: very good, 

- Area of forest >1000 ha: good, 

- Areas of forest >100 ha: moderate. 

Various indicators on forest fragmentation have been 

proposed by Oehmichen and Köhl (2006), Traub & Kleinn 

(1999) and Larsson et al. (2001) and others. These include 

measures of edge lengths, the proportionate area, the 

Shape Index as well as the effective mesh size. 
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Developed by Jaeger (2000), the effective mesh size or 

(meff) has become the most frequently used indicator to 

measure landscape fragmentation. However, Oehmichen 

and Köhl (2006) have suggested a greater predictive power 

for the effective mesh area, a combination of effective 

mesh size and the Patency Index (Schwarz-von Raumer, 

2007). Unfortunately, this measure is complicated to 

calculate and thus unsuited for analysis at the national 

level. 

In order to determine the base geometry of 

undissected woodland areas, adjacent forest polygons (e.g. 

those featuring different species of tree) were combined. 

The barrier elements causing fragmentation are the same 

as those used to determine unfragmented open space (see 

above). Statistical analysis shows that 55% of Germany’s 

forested land is made up of parcels 1 to 10 km2 in size. 

Two indicators were calculated to determine the level 

of forest fragmentation: the “proportion of unfragmented 

forests > 50 km2 in each reporting unit” and the “effective 

mesh size”. The first of these corresponds to the nature 

protection classification of woodland proposed by 

Burkhardt (2004, p. 28). Findings show that there remain 

only around 150 separate forests over 50 km2 in Germany 

(Fig. 8), of which most are concentrated in a few areas, 

particularly the central uplands such as the northern Black 

Forest, the Palatine Forest, the Harz and the Thuringian 

Forest. The Bavarian Forest (Germany’s first national park) 

and the Bavarian Alps also possess considerable expanses 

of unfragmented woodland. Further, it can be seen in Fig. 8 

that large areas of contiguous forest have been retained in 

some regions of Brandenburg around Berlin. These forests 

provide important functions for the large population of the 

German capital in regard to recreation as well as supplying 

drinking water. The Lüneburg Heath in the plains of 

northern Germany functions in a similar way. 

 

 
Fig. 8. The indicator “unfragmented forests larger than 50 km2 ”and the proportion per district. 

Map: U. Walz. 
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“Effective mesh size” as used in the analysis of 

landscape fragmentation is also applied (in the modified 

version) to determine the state of forest fragmentation. 

Thus woodland areas which extend beyond the borders of 

the reporting unit (e.g. the rural district) are taken into 

consideration. 

3.2.3.3 Naturalness or hemeroby 

There exist two concepts to describe the “nearness” of 

a landscape to nature as well as its forms of land use: 

hemeroby and naturalness. Whilst the concept of 

naturalness is directed at the original forms of vegetation 

before the incursion of human settlers, the concept of 

hemeroby considers the situation as it is today (Sukopp, 

1972; Kowarik, 2006, p. 8). Hemeroby takes as its reference 

point the potential natural vegetation which would develop 

on a parcel of land if all human activity were to cease, and 

can thus be used as an indicator to meaningful capture the 

degree of anthropogenic influence on the natural 

environment. Naturalness or hemeroby have already been 

employed in a large variety of methods to evaluate and 

monitor landscapes (Machado, 2004; Glawion, 2002; 

Rüdisser et al., 2012; Tasser et al., 2008). However, these 

evaluations have generally focused on limited areas or have 

used relatively low resolution datasets (e.g. CORINE Land 

Cover). 

On the basis of ATKIS data and the “Digital Land Cover 

Model” (LBM-DE) it has been possible to assign individual 

categories of land use to specific hemeroby classes 

(Glawion, 2002; Steinhardt et al., 1999). Additional 

information on potential natural vegetation is required in 

order to classify the degree of naturalness of forests and 

non-vegetation sites. 

 

 

 
Fig. 9. Indicators on nature and species protection for 2010. 

Maps: U. Walz on the basis of calculations from the IOER Monitor. 

 

 

The resulting Hemeroby Index provides an area-

weighted average for the hemeroby value of a reference 

unit (for example a municipality). In contrast, the 

parameter “predominately natural areas” gives the 

proportion of land classed as ahemerob to mesohemerob. 

This encompasses classes of land use that are subject to no 

or only minor (sporadic) anthropogenic incursions, such as 

native and non-native forests, copses and hedges, marshes 

and moors. Results are discussed at length in Walz and 

Stein (2014). 

The index is of particular interest because it describes 

the general cumulative effect of diverse changes in land use 

on the landscape. For example, changes to settlement and 

transport areas as well as agricultural use (due to the 

rededication of meadows as arable land) are reflected in 

the indicator value. Also compensatory measures are taken 

account of. For example, if land consumed for new roads is 
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compensated at another location by reforestation, then 

these can offset one another to produce a zero sum in the 

Hemeroby Index. 

 

3.2.3.4 Protected areas 

The indicator “proportion of ‘nature and species 

protection’ areas per reporting unit” describes the degree 

to which land is currently designated as protected for 

(strict) nature and species conservation (Walz and 

Schumacher, 2010). Typical protected areas are national 

parks, nature reserves, fauna–flora habitats (FFH) and bird 

sanctuaries. At the same time the spatial overlapping of the 

different categories of nature protection is captured. This is 

important as the individual categories of protection can 

show considerable overlap; for example, nature reserves 

can simultaneously be designated as specially protected 

sites according to FFH guidelines or further as European 

bird sanctuaries. The indicator is determined on the basis of 

a regular evaluation of homogenised data of diverse 

protected areas supplied by the Federal Agency for Nature 

Conservation at scale 1:25,000. It can be seen that areas of 

nature and species protection are irregularly scattered 

across Germany (see Fig. 9, left), while the proportion of 

protected land per reporting unit ranges widely from 0% to 

54.1%. 

The indicator “proportion of areas of ‘landscape 

protection’ per reporting unit” is a refinement of the 

previously described indicator to describe the current 

extent of protected areas dedicated to (general) landscape 

conservation. This category of protection encompasses 

Germany’s officially designated nature parks, landscape 

conservation areas as well as biosphere reserves outside of 

designated core areas (Walz and Schumacher, 2010). The 

results of the spatial analysis (Fig. 9, right) reveal a huge 

variety in the extent of landscape conservation, ranging 

from 0% to almost 100% of the reporting unit. In those 

reporting units where a large proportion of land is 

dedicated to nature and species protection, areas of 

landscape conservation generally make up a small (or at 

best moderate) proportion of total land. 

 

3.2.4 Spatial categories 

Drawing on ideas of the American ecologist Odum 

(1969), Haber developed the practically-oriented concept of 

“differentiated land use” (Haber, 1998). By classifying the 

ecosystems of central Europe into three basic types, (1) 

intensively used agro-ecosystems, (2) urban-industrial 

ecosystems and (3) lightly or unused ecosystems, the aim is 

to calculate target values for a landscape mix of semi-

natural landscape elements. On the basis of indicator 

values, the proportions of land use forms can be presented 

in a triplot diagram (Riitters et al., 2000; Wickham and 

Norton, 1994) to create a spatially delimited classification 

for these three basic ecosystems according to Haber. The 

following classes of land use were chosen to form 3 groups 

of land use: 

- Arable land and pasture (i): farmland without 

traditional orchards 

- Settlement and transport land (ii): settlement land, 

transport land, surface mining 

- Forest, water and other semi-natural areas (iii): 

forest, areas of water, traditional orchards and 

uncultivated land. 

Depending on the proportions of land of these three 

groups to a municipality’s total area, it is possible to assign 

each to one of the three basic ecosystem types using a 

triplot diagram (Fig. 10). The extensive forested areas in 

Germany’s central uplands can easily be discerned in the 

map of results, as well as urban areas (Fig. 11). 

Elements of the patch-corridor-matrix model can be 

applied to the concept of differentiated land use (Table 3). 

The so-called “matrix” corresponds to the basic ecosystem 

types. These are crisscrossed by natural corridors such as 

riverside areas or supra-regional connective biotope axes. 

In the areas between the corridors within the matrix of 

basic ecosystem types we find individual landscape 

elements such as large semi-natural urban elements (parks, 

woods, lakes, etc.). In contrast, much small elements are 

found in the intensively used land, for example a mix of 

semi-natural features such as copses or single trees on 

farmland. It is evident that there exist various degrees of 

spatial abstraction, from the lowest level up to that of the 

main ecosystem types. 

 

 
 

Fig. 10. Triplot diagram to illustrate the proportionate areas of ecosystem 

types. The blue line indicates the classification boundaries. (For inter-

pretation of the references to color in this figure legend, the reader is 

referred to the web version of this article.)  

U. Walz. 

 

Based on the assignment of municipal territories to 

one of the main ecosystem types (reflecting the dominant 

form of land use), it is possible to use structural indicators 

to investigate and evaluate the provision of corridors and 

patches. This allows the calculation of target values, for 

example following Haber’s concept of differentiated land 

use, to highlight areas where action is required. 
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4 Discussion 
The aim of this study was not to develop new 

landscape metrics but rather to define easy-to-understand 

indicators for the monitoring of structural diversity. To this 

end, the proposed indicators largely offer quantitative data 

on landscape structure and proportionate areas of 

individual classes of land use, etc. However, they make no 

reference to qualitative aspects (e.g. quality of pasture such 

as extensive or intensive farming) or the general intensity 

of land use. Also the internal structure (such as the surface 

structures of forests, vertical structures) is not specified. 

Yet it is precisely the object of landscape monitoring to 

describe the condition of the landscape, the level of 

biodiversity and to uncover trends without undertaking 

extensive field surveys, as explained by Blaschke (2002). In 

order to ensure that monitoring can be undertaken on a 

regular basis, it is necessary to minimise associated costs 

and the amount of effort required. 

 

 

 
Fig. 11. Dominant types of land use in Germany’s municipal territories in 2010. 

Data from IOER Monitor derived from ATKIS base data of 2010 (map: U. Walz). 
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The availability of base data is one essential 

precondition for a regular monitoring programme. A 

comparison of available vector data on land cover and land 

use in Germany shows that a system of national monitoring 

at medium scale can most reliably be developed using 

ATKIS data (Krüger et al., 2013). Currently no other system 

offers the same level of updating and processing for the 

medium and long term. A further advantage of the use of 

official land use data is that survey agencies follow exactly 

defined mapping rules and use the same input resolution 

and land use classes. There are practically no disparities in 

the form of data capture between Germany’s regions or 

between different time steps, ensuring the comparability of 

indicators. Furthermore, this data has a higher resolution in 

space and time than other indicators systems in Europe 

(e.g. CORINE land cover). The drawbacks are, however, 

easily discerned. Geometric problems and topological 

inaccuracies arise where individual classes of land use 

overlap. Furthermore, there is great variety in the regularity 

of updating between the individual Länder and for the 

various maps. Also the categories of land use associated 

with open space are rather infrequently updated, so that 

the topicality and completeness of data on say, pasture, is 

unsatisfactory. Additional information required for the 

regular monitoring of land use, especially regarding open 

space, could be provided in the future by satellite-based 

systems. The LBM-DE dataset is a first step in this direction. 

However, it remains to be seen whether regular updating 

will be secured in the years to come. A nationwide 

evaluation of information on elevation is best realised using 

data provided by the survey agencies of the Länder, in 

particular the DGM10, as this data covers the whole of 

Germany. 

For clarity of illustration and easy comprehension of 

results, simple metric such as proportionate area, number 

of types of land use and proportion of protected habitats 

were selected for inclusion in the presented system of 

landscape indicators. This is also the case for other 

indicator systems introduced in Section 3.1, with the 

exception being measures of landscape fragmentation 

(effective mesh size) and urban sprawl (effective proportion 

of open space (Ackermann and Schweppe-Kraft, 2010); 

urban compactness, Thinh et al., 2002).  

 
Table 3 

Assignment of basic ecosystem types to the patch-corridor matrix model (PCMM). 

 

PCMM level Concept of differentiated land use Abstraction/scale 

Matrix (see Fig. 11) Basic ecosystem types  
(1) Urban-industrial ecosystems  (2) intensively used agro-

ecosystems 
(3) semi-natural, lightly or 
unused ecosystems  

Corridor Supra-regional biotope connecting axes  
Riverside areas 

Individual patches Large semi-natural areas (woods, 
parks, lakes) 

Large semi-natural areas (woods, 
lakes, traditional orchards, etc.) 

Proportions of large elements 
of groups 1 and 2 

Small semi-natural landscape elements 
(urban open spaces) 

Small semi-natural landscape 
elements (linear elements, copses, 
etc.) 

not relevant 

Processing: U. Walz 

 

 

One basic assumptions behind this study and the 

developed indicator model is that the spatial configuration 

and high diversity of habitats in a landscape is vital for 

many species, and consequently that highly heterogeneous 

landscapes display a greater diversity of species (Ricotta et 

al., 2003; Bennett et al., 2006; Pacini et al., 2009; Walz, 

2011). On the other hand, large continuous habitats or land 

use classes (e.g. forests or open grasslands) are also 

required to preserve various species, thereby maintaining 

overall diversity. For this purpose different indicators were 

proposed to highlight these apparently opposing trends. 

For example, ecotones are important landscape elements, 

functioning as habitats for diverse species. The indicator 

proposed does not include technical elements that 

fragment natural habitats, such as roads, etc. For this kind 

of fragmentation (or dissection) a separate indicator is 

proposed. Because the fragmentation of one large patch 

into several smaller patches (e.g. forest patches) also 

increases the value of the ecotone indicator, indicators on 

main land use classes such as grassland, forests or near-

natural patches such as heath, moor, etc. as well as the 

indicator on unfragmented forests are included in the 

indicator set. If formerly coherent forests are split up into 

several parts, the various indicators capture both processes 

(increase of ecotones, loss of large, coherent patches) 

therefore providing a clearer picture. 

To ensure ease of interpretation and the best possible 

transfer of monitoring results into the political and public 

arenas, it is important that changes be easily presented in 

visual form and that statistically robust figures are at hand. 

These should complement one another. Perhaps this can be 

best illustrated in the case of landscape fragmentation. 

Whilst the spatial or temporal comparison of unfragmented 

open space can be easily displayed in cartographic form, 

the landscape measure of effective mesh size does not lend 

itself to visual presentation. In order to inform the wider 

public, it is important that data be processed to allow visual 

comparison of spatial or temporal findings. Effective mesh 

size can, however, complement the visual impression 

gained from cartographic presentation with statistical 

figures and diagrams, which can greatly influence the 
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decision-making process in spatial planning or in the setting 

of target values. 

To ensure a good comparability of findings, both spatial 

and temporal, it is important to choose with care the 

reporting unit. A fundamental problem of indicators on 

biodiversity is their spatial reference. The larger the 

investigated area, the larger the diversity of genes, species 

and habitats. Forms of monitoring that adopt reporting 

units of different sizes offer poor comparability of data. 

Also temporal comparability is undermined when 

administrative boundaries change. The suggested indicator 

model can also be calculated on the basis of a regular grid 

(for example mesh size 1–5 km). This resolves the problems 

associated with the differing sizes of municipalities such as 

artefacts and varying degrees of precision in the 

cartographic presentation and improves the comparability 

of regions. Another feasible option is to calculate indicators 

using the moving window technique on the basis of raster 

data. 

Structural shifts in the landscape general occur 

“stealthily” over long periods of time, so that they are 

scarcely perceptible to individuals on the ground. Hence a 

monitoring programme covering large areas and updated at 

regular intervals is required to reveal the long-term 

transformation of the landscape. Although change may 

occur in tiny steps of little significance, accumulated over 

time these will, of course, have a major impact on 

landscape functions. An evaluation of change in use should 

not merely consider the land itself, but also the 

repercussion such change has on resources and ecological 

functionality. Current discussions on the analysis of 

ecosystem services revolve around this issue. Measures of 

landscape structure can also be usefully employed here. In 

the framework of environmental monitoring, the regular 

detection and analysis of landscape development and its 

structural implications is of major importance, but until 

now such spatial-structural aspects have been 

acknowledged in only a very few cases. 

5 Conclusions 
As the review of other indicator systems showed, 

currently there are only a few indicators on structural 

landscape diversity in Europe and especially in Germany. 

This gap can be filled by the proposed set of indicators. It 

has been determined that ATKIS and other geodata can be 

used to derive indicators to usefully supplement those 

already employed in national landscape monitoring 

systems. This dataset will also be available in the same 

quality and the same resolution in the future, ensuring 

absolute comparability of data over time. However, in some 

cases there is still a lack of requisite data sources, for 

example sufficiently resolved data on soil type. This can 

seriously hinder the evaluation of changes in use in 

connection with corresponding landscape functions. 

The current investigation and examples of indicator 

calculations show that measures of landscape structure can 

be used to analyse the transformation of landscapes and 

the comparison of trends in different regions. Structural 

changes can be captured quantitatively, thereby enabling 

objective comparisons between disparate time points and 

regions. Landscape metrics expand the possibilities of 

deriving indicators from geodata to capture developments 

in land use. They allow predictions to be drawn at 

aggregate levels, for example on biodiversity at the level of 

landscapes. A practical interpretation of landscape 

indicators frequently requires consideration of several 

indicators in combination. 

The presented indicator model is currently being 

integrated in stages into the IOER Monitor and is available 

online.4 
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