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bstract

A framework for landscape monitoring based on a functional approach is presented. Landscape monitoring is defined as regular, long-term
urveillance of landscapes. Suitable monitoring resulting in the early recognition of crucial changes in the environment is a prerequisite if timely
ounteractions are to be carried out. Such monitoring provides spatially and temporally homogeneous data sets, and allows for adjustment to and
alidation of ecological models. The peculiarities of the framework presented are as follows. Landscape functions, and ecological conditions and
rocesses are scrutinized from a strong human perspective. The procedure employs various methods based on models, balances, calculations and
stimations. Thus, far-reaching data integration is possible, which allows for the drawing of conclusions which are important for human society. The
andscape monitoring proposed also follows a differentiated scale-dependent approach (at local, sub-regional and regional levels) with a stepwise
ntegration of data. Data sampling and analysis are organized according to a scale-dependent set of assumptions allowing a problem-oriented
pproach. The framework is exemplified by changes in soils in a small (16.1 km2) floodplain in Saxony (Germany). The assessment proposed also

akes into account historical data. Essential changes in soils have been established, e.g. losses in humus, deposition of soils by excavation matter
nd peat degradation. It was found that the percentage of arable land increased, and the groundwater level decreased in several areas. This finds
xpression in several physical and chemical parameters, e.g. in reduced field and sorption capacities. Therefore, the performances of soil protection
unctions and of production functions became worse.

2006 Elsevier B.V. All rights reserved.
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. Introduction

The term ‘landscape monitoring’ is regarded as the regu-
ar, long-term surveillance of a landscape, aiming at the early
ecognition, assessment and prediction of landscape change, and
ocusing on the effects of human impacts.

Landscape changes are considered as qualitative landscape
lterations concerning the balance of matter and energy, use
f natural resources and landscape aesthetics (Bastian and

teinhardt, 2002). Landscape functions describe the perfor-
ance of a landscape in the broadest sense. Landscape functions

eflect the capacity of natural processes and components to pro-
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ide goods and services that directly and/or indirectly satisfy
uman needs (de Groot, 1992). According to Haase (1978),
he assessment of the social functions of a landscape is a pre-
ondition for relating actual landscape state to economic cat-
gories and processes. By investigating changes in landscape
unctions, fundamental landscape changes relevant to human
ociety can be identified. Such an integrated approach has advan-
ages over methods based on single indicators, such as land cover
hanges, loss of landscape elements and biotopes, and decrease
n biodiversity. For the landscape functions under investiga-
ion (see Section 2.3) a large number of assessment methods
t different scale levels have been published (e.g. Marks et al.,
992; Knospe, 1998; Bastian and Schreiber, 1999; Bastian and

teinhardt, 2002).

Landscape changes also affect the functions of landscapes.
dentifying emerging changes and trends becomes more impor-
ant in order to counteract unfavourable future developments.
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uch monitoring can be seen as a prerequisite in working towards
ustainable development.

The development of holistic conceptual frameworks and
he design of efficient monitoring programmes and their co-
rdination are in their infancy, and much more effort is necessary
n these matters. Therefore, fundamental research into the sci-
ntific basics of landscape monitoring is seen as a priority (Petit
nd Lambin, 2002).

To date, many specific monitoring programmes have been
eveloped by various institutions. Examples of important long-
erm international programmes are: the Blue Plan (Antipolis,
995), ROSELT/OSS (2005), AMAP (2005) and UNEP-
CMC (2005). Though these programmes are rather compre-

ensive, they are always focused on specific questions, such
s biodiversity and water protection. However, few initiatives
re multifunctional – one exception is the British Countryside
urvey (Howard et al., 2000). Others initiatives are focused on
pecific land use systems (Dramstad et al., 2002), nature reserves
Luthardt et al., 1999) or on special landscape types, e.g. the

adden Sea (TMAP, 1997). A frame for worldwide co-operation
etween national partners is provided by the International Long-
erm Ecological Research (ILTER) network; details of which
an be found at http://www.ilternet.edu.

The Saxon Academy Landscape Monitoring Approach
SALMA) is a contribution to the German Long-Term Eco-
ogical Research (LTER-D) programme, which started in 2005
http://www.lter-d.de). The monitoring approach is focused on
he ‘normal’ landscape, i.e. it is not limited to protected areas
r special landscape types. This approach is also a response
o the European Landscape Convention (CMCE, 2000), which
equires standardization of landscape-related investigations;
herefore, the development of suitable and comparable monitor-
ng methods is necessary. At present, the authors are not aware
f another comparable holistic monitoring programme.

The authors describe the main characteristics of the SALMA
Section 2). Following an explanation of the general methodol-
gy, the implementation steps are presented (Section 3), and the
urther development of the methodology is outlined (Section 4).
he steps are exemplified by data from soil inventories in the
leine Spree floodplain. Section 4 surveys whether the presented
ethodical innovations are satisfying the specific demands.
The Kleine Spree floodplain is a 16.1 km2 wide part of the

pper Lusatian Heath and Pond Landscape biosphere reserve. It
s a Pleistocene lowland in the northeast of the German Federal
tate of Saxony. Ponds, wet meadows, dunes and pine forests
re typical of this landscape. The rivulet Kleine Spree is a branch
f the River Spree flowing into the River Havel in Berlin.

. The Saxon Academy Landscape Monitoring
pproach

The landscape monitoring approach described here
SALMA) differs from other monitoring programmes in some

ey points. One of the most outstanding characteristics is the
nderstanding and treatment of landscape as an entity of natural
omponents, e.g. eological structure, relief, soil, water, climate,
ios (flora, fauna) and land use (see Bastian and Steinhardt,
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002). With regard to soil, however, the whole monitoring
rocedure can be demonstrated, and the existence of historical
oil data allows for temporal comparisons. Therefore, apart
rom common problems of data sampling, a major challenge
acing a monitoring procedure is the integration of data related
o different space and time scales into complex statements.
or a versatile interpretation of monitoring results clear
ocumentation is necessary, as well as appropriate aggregation
nd analysis in relation to social and political questions that
nable the formulation of hypotheses. As a key concept for the
olution of the integration problem, the authors propose the
ssessment of landscape functions described in Section 2.3 and
n Bastian and Schreiber (1999) and Bastian and Röder (2002).

The problem-oriented approach is another characteristic of
he proposed monitoring procedure. The selection of indicators
see Section 2.3) relates to a set of hypotheses about current and
nticipated landscape changes. By identifying modifications in
andscape functions with regard to time, threats which are critical
o human society can be revealed.

Finally, the selection of test areas takes landscape classifica-
ion into consideration (see Section 3.1). The character of refer-
nce units influences the detection of landscape changes. This
act is important when implementing a monitoring programme
iming to quantify landscape changes. Otherwise, essential land-
cape changes could fall into the limits of data accuracy and
emain undetected (see Section 3.3).

The SALMA has three main goals: early recognition and
uantification of emerging landscape changes, assessment of
heir consequences and predictions of future alterations. Addi-
ional benefits of the SALMA are:

Differentiation between (for human society) critical and
unproblematic landscape changes.
Tailored data supply for models and for the assessment of
landscape functions.
Problem-oriented research of effects.
Continuous adjustment of recommendations for effective
landscape management.

The SALMA framework (Fig. 1) starts from environmen-
al problems (Section 2.1) that are formulated as hypotheses
r assumptions (Section 2.2). To verify these hypotheses and
ssumptions, relatively simple indicators or the more complex
andscape functions (Section 2.3) are selected. The data set to
e analyzed depends on the assessment methods applied (Sec-
ion 2.4). After designing such a problem-oriented framework
Section 3.1), data sampling follows (Section 3.2), indicators
re calculated (Section 3.3) and landscape functions are ana-
yzed and assessed (Section 3.4). The results are used to test
ypotheses (Section 3.5), to construct meta-data (Section 3.6),
nd to propose measures to support sustainable landscape devel-
pment.
.1. Environmental problems approach

From the beginning, appropriate landscape monitoring
hould be focused on the problems of landscape change and sus-

http://www.ilternet.edu/
http://www.lter-d.de/
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Fig. 1. Landscape monitoring – composition.

ainable use. To guarantee such a problem-oriented approach, a
et of hypotheses containing questions and assumptions about

ossible landscape change and related environmental problems
t different scales is established. The general methodology of
his monitoring approach is presented in Fig. 2. The themes to
e investigated come from different thematic fields (line 1 in

e
t
T
l

Fig. 2. Landscape monito
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ig. 2). The hypotheses must be formulated exactly with respect
o spatial scale and content. The choice of test areas and all

easurements should be driven by this set of questions and
ssumptions (left side in Fig. 2).

The assumptions about anticipated landscape changes give
easons for the selection of landscape functions to be exam-
ned within an area. The choice of indicators (see Section 2.3)
epends on the functions under consideration and takes account
f the specific scale or dimension of each test area (see Section
.4). The parameters to be measured must be chosen in such a
ay that the selected assessment procedures can be realized in
ractice (right side in Fig. 2).

.2. Specification of relevant hypotheses and assumptions

First of all, questions and assumptions about current trends
n landscape development are identified. Following this, moni-
oring tasks arise from practical decisions relevant to landscape
cological problems. These take into account undesired effects,
mbiguous and critical development trends, and uncertainties
egarding future problems. The success of landscape manage-
ent, the impacts of human interventions and the effects of

nvironmental changes can be examined in this way. Assump-
ions allow an evaluation of the goals fixed in landscape plans.
hey describe possible future landscape changes, which can

ither support or counter these goals. Knowledge of the spa-
ial differentiation in landscape changes is especially important.
hus, a spatially specified handling of problems arising from

andscape changes is needed.

ring – the concept.
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Table 1
Indicator selection for the Kleine Spree test area

Indicator Unit

Degree of surface sealing %
Median annual total runoff mm/a
Land use proportions % in 9 classes
Soil humus content Proportion of land area (7 classes)
Potential cation exchange capacity Proportion of land area (5 classes)
Usable field-moisture capacity mm/dm
Groundwater level Proportion of land area (5 classes)
Cultivated fields in environmental

programmes
%
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The assumptions relate to landscape indicators and landscape
unctions. Identification of test areas requires consideration of
patial and scale factors to ensure that they are representative
f the whole site. The choice of methods for landscape analysis
nd landscape assessments depends on scale (Syrbe et al., 2001).
onsequently, the scale and size of test areas must be reconciled

o financial resources.
As an example, the authors formulated a differentiated set

f hypotheses (A1–A6) on the possible future development for
he Kleine Spree test area with regard to the problems of soil
ynamics. The hypotheses describe chains of effects, which are
artly dependent on one another:

1 Draining floodplain bogs will cause both a lowering of the
soil surface and substantial soil degradation. Consequently,
the soil substrata will alter and the relief will show several
new depressions at the surface.

2 For economic reasons, the drainage systems will no longer
be maintained, and parts of them will decay more and more.
The deepest locations in the floodplain could become wet,
or they will be flooded again.

3 Wet and depressed areas will be regarded as favourable
places to infill by excavation matter, which is amply avail-
able in floodplains, in order to dispose of it and to improve
the accessibility of fields and meadows.

4 Despite cultivation measures, both ecosystems and land use
will be more sensitive to extreme weather conditions, pests
and other influences.

5 Areas covered by deposits of excavation material (e.g. from
fish-ponds) show homogenized and levelled soil and site
conditions. In addition, a more intensive cultivation proce-
dure and the resultant soil compaction will influence habitat
and soil functions.

6 Good accessibility will result in an earlier commencement
of land management in spring. Therefore, farmers will tend
to remove intensively cultivable and profitable fields from
agri-environmental programmes. That will lead to increased
loads on floodplain ecosystems.

.3. Connecting landscape functions and indicators to the
ypotheses

In order to verify the hypotheses (in Section 2.2), the follow-
ng functions have been assessed in the test area: habitat func-
ions (naturalness and landscape habitat value); soil protection
unctions (nitrate reduction, physico-chemical filtering capacity
nd groundwater protection); yield potential; water balance and
ater quality. At the local scale, indicator- and model-based

ssessment procedures commonly used in landscape planning
nd Environmental Impact Assessment (Bastian and Röder,
002; Bastian and Steinhardt, 2002) were applied. At larger
coarser) scales, other procedures are necessary. The authors
ave developed some methods for such cases. Regional assess-

ent procedures adopt methods appropriate to local scales, but

sing fuzzy logic, landscape metrics, area-related indicators and
igher integrated data (Syrbe, 1995; Bastian et al., 1999; Syrbe
t al., 2001).

i
p
u

oil protecting land use %
ffective mesh size of biotopes Hectare

Monitoring indicators represent the medium stage of data
ntegration. They abstract from raw data, they integrate different
ata, and they are related to geographical units. Also, indica-
ors can be a result of balancing, or they are the output of an
cological model. They indicate a change in a landscape quan-
itatively and are value-free. Indicators can make clear develop-

ent trends and time balances. If new monitoring frameworks
re designed, consideration should be given to incorporating
ndicators already used in national and international observa-
ion programmes, e.g. Environmental Aspects of Sustainable
evelopment (DPCSD, 1999), EEA Environmental Indicators

EEA, 1999), OECD Environmental Indicators (OECD, 2001)
r European Biodiversity and Indicator Framework (ECNC,
002).

Because of the different hypotheses and procedures, it is nec-
ssary to specify the indicator design for each scale and test area
eparately. Table 1 shows the set of selected indicators for the
leine Spree test area.

.4. Data concept

The identification of ongoing landscape changes requires data
rom at least two different time periods; therefore, in order to test
he general applicability of the framework proposed, historical
ata were also included. The example used in this paper refers
o the test area ‘Kleine Spree’ where data from the German Soil
nventory (scale: 1:1500 to 1:2500) from 1937 (southern part)
o 1951 (northern part) were used.

Generally, the data set depends on the scale and the specifics
f the test area. For that reason, according to scale, data from
he following sources were used:

National: official data (from environmental authorities, data
banks and scientific publications).
Regional: remote sensing and interpolated data.
Local: field measurements and questionnaires.

Table 2 shows the data programme for the local level.

Because of the high cost, many parameters can be analyzed

n small test plots or at single points only. Thus, for soil sam-
les, points which are mostly representative of the whole area
nder investigation should be selected. A strategy was developed



194 R.-U. Syrbe et al. / Landscape and Urban Planning 79 (2007) 190–199

Table 2
Local monitoring data programme

Component Methods Data

Soil Digging/drilling, in-site measuring,
soil samples

Relief situation, soil texture, soil type, humus content, pH-value, cation
exchange capacity, C/N-ratio and contents, soil compaction

Water and climate In-site measuring, water samples Temperatures, oxygen content, pH-value, inorganic nitrogen,
phosphorus, precipitation

Vegetation Mapping Biotopes, vegetation units, rare and indicator species, habitat elements
Land use and historical landscape elements Mapping, remote sensing Land use type, sealing, landscape elements and state
Land use practices and soil cultivation Questionnaries Crops and intercrops, fertilization, agri-environmental programmes
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characteristics (Section 3.2).
(management)

hich ensured an objective choice of sample points based on the
andscape character (Syrbe et al., 2003). This choice starts from
landscape classification based on different characteristics (soil,

elief and land use). The choice considers the spatial statistics.
or example, if the percentage of a certain ecotope type with
specific combination of parameters (e.g. a soil type under a

pecific land use or vegetation cover) is 50% in the whole test
rea, 50% of all sample points should be assigned to this type.
he sample points should be located using a GPS. Sometimes,

hese points are accessible only with difficulty. In such cases,
ubstitute points can be selected.

According to the variability and importance of the data, three
ampling programmes are distinguished. The so-called ‘basic
ata’ must be determined only during the first monitoring run,
ecause these parameters are stable and no change must be
xpected. This data set represents a foundation for the efficient
ontinuation of the whole monitoring project. In contrast to the
asic data, the ‘monitoring data’ have to be sampled repeatedly.

mong the monitoring data a ‘core set’ is defined that should be

ampled under all circumstances, because these parameters are
specially significant for (further) interpretation. An ‘extended

Fig. 3. Landscape monitori
et’ addressing more expensive parameters should be examined
s far as possible (by co-operation and depending on the financial
esources being made available).

. Implementation and results

.1. Monitoring procedure

Having drafted the framework for the investigation (Sections
.1–2.4), the monitoring procedure can be regularly carried out
n all test areas (Fig. 3).

The first step is the data collection (only once) to provide
baseline data’ that can be used again and again. The real mon-
toring procedure, which is repeated regularly, consists of the
ollowing steps:

I. Collection of comparable monitoring data on landscape
II. Interpolation and partial integration of raw data through
the derivation of quantitative indicators with fixed time and
space references (Section 3.3).

ng – implementation.
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Table 3
Data sampling using soil as an example

Basic data (collection uniquely) Monitoring data (collection regularly)

Core programme Additional programme

Relief situation Humus content and humus form Soil compaction
Soil texture Upper soil pH-value Heavy metal contents
S tion exchange capacity Upper soil nutrient supply

/N-ratio
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Table 4
Frequency of selected changes in soil characteristics since the German Soil
Inventory (1937–1951) in the Kleine Spree test area (n: total number of samples)

Change Proportion (%) (relevant
points in soil inventory)

Peat degradation (with profile change) 80.0 (n = 5)
Covering by silty sand or gravel 29.1 (n = 296)
Essential groundwater level lowering 12.5 (n = 128)
E
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oil horizons and soil type Upper soil ca
Upper soil C

II. Integration through the assessment of landscape functions,
modelling and interpretation (Section 3.4).

IV. Validation of hypotheses on anticipated landscape changes
(Section 3.5).

V. Construction and updating of a meta-database (Section 3.6)
to ensure full information about existing data, progress in
work and results.

By comparing with historical data or by structural analyses,
ven the first snapshot of landscape data can provide valuable
esults. Two or more snapshots allow multi-temporal analy-
es and interpretations: comparison of indicators, functions and
ssessments, and conclusions on trends, maximum loads and
ctions required when encountering unfavourable trends.

The working steps represent different levels of consideration:
I) data level (baseline data and monitoring data), (II) indicator
evel (derived and area-referred measures), (III) functional level
modelled or interpreted values), (IV) temporal level (landscape
hange) and (V) meta level. Each step needs its own methodical
pproach.

.2. Data collection

Since 2000, a number of landscape change and landscape
onitoring studies have been carried out in several test areas in
axony (Syrbe et al., 1998; Röder et al., 1999; Bastian et al.,
002; Syrbe and Palitzsch, 2002). As a part of the whole data
rogramme (Table 2), soil data was obtained from field surveys
y drilling to establish the soil profile and determine the soil type,
ollecting samples from the top 1 m and analyzing these samples
n the laboratory (Table 3). Temporal comparisons can be made
y comparing these data with those from historic records.

The use of historical data is a special approach (distinguish-
ng from the general data concept described in Section 2.4) to
chieve two time cuts (one historical + one present) necessary
or comparisons.

The German Soil Inventory for Taxation was established in
934. All agricultural and horticultural land was analyzed and
ocumented by ‘soil inventors’ engaged by the authorities. The
omprehensive data is stored by, managed by and available from
he financial authorities (AG Bodenkunde, 1994). The German
oil Inventory database contains various soil parameters for all

ample points, specified for the different soil layers down to 1 m
epth. In addition to measures for natural soil fertility, there is
lso data on the geological origin, soil texture, humus content,
ater supply, soil colour and other parameters.

p
‘
h

ssential humus decomposition by at
least one class

9.3 (n = 345)

In the Kleine Spree test area of about 16.1 km2, samples from
45 points are documented in the German Soil Inventory and
ere re-sampled in this study in 1998–2000. Therefore, all com-
arisons refer to the sample points included in the German Soil
nventory (1937–1951). The current research was more detailed
han the historic inventory. A multiplicity of unexpected changes
as observed, including data for parameters that are usually

egarded as relatively stable such as soil substratum. Notwith-
tanding the uncertainty regarding the comparability of the data,
arious observation were made (Table 4), e.g. groundwater low-
ring, peat degradation and changes to the surface covering. The
erman Soil Inventory contains only a few soil profiles for this

est area. The Inventory contains text describing each drill site.
owever, more importantly, the Inventory also documents its

esults by using maps which detail each drill site. Around each
rill site are drawn buffer zones within which it is assumed that
he site conditions are valid. Using the Soil Inventory maps it
as possible to identify these historic sample points and assess

he area again for this study.
Landscape change studies based on historical data often suf-

er from uncertainties concerning the methods used, and fre-
uently the location of the old sample points (or plots) is not
lear. Therefore, the comparability of the data is limited. If mon-
toring data are used, which are acquired especially for change
etection, more reliable statements are possible. In particular,
ccurate area-related comparisons of landscape characteristics
an be made only with those indicators, which are referring to
n area (not to a point only).

.3. Indicator derivation
Only for some indicators was it possible to make a direct com-
arison with the data from the old German Soil Inventory. The
usable field capacity’, the amount of water available for plants
eld in the soil against the pull of gravity (AG Bodenkunde,
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A5 There is a clear homogenization of soil parameters and a
Fig. 4. Changes in the usable field-moisture capacity (nFK) in the Kleine

994), is one of these indicators. It was calculated after the
ethod of BMFRBS (1986) using the parameters of soil tex-

ure and humus content (Fig. 4).
The data in Fig. 4 shows that between 1937/51 and 1998/2000

he proportion of the highest class of the usable field capacity
>20 mm/dm) clearly decreased in favour of medium classes
>9–20 mm/dm). This tendency is essentially caused by cover-
ng soils with sand or gravel, by peat degradation, and by humus
ecomposition, as mentioned in Table 2. These changes have dif-
erent effects on the yield potential, and they impair the filtering
nd buffering function (Röder et al., 1999). Minor improve-
ents from class ‘>5–9 mm/dm’ to class ‘>9–14 mm/dm’ are

onnected with the fact that some pure sandy soils have been
overed by silt (excavation and mud from ponds and riverbeds).
ltogether, the indicator values have changed by approximately
1% of the test area by at least one class.

.4. Assessment and landscape functions

Based on the data and the indicators sampled during the
receding steps, landscape functions were assessed. One of
hese landscape functions is the filtering and buffering capacity.
hysico-chemical filtering capacity is an important part of the
ltering and buffering function of soil. It indicates to what extent
enetrating water pollutants can be fixed or decomposed by
physical) adsorption and by (chemical) fixation to soil particles,
efore they reach the groundwater. Accordingly, groundwater
evel and cation exchange capacity (both are monitoring indica-

ors) affect soil function, whereas humus content, soil type and
oil substrate are the basic data (Marks et al., 1992).

The assessment results in Fig. 5 show degradation in the
cological state of the landscape over the last five decades.

A

e test area (northern part) since the German Soil Inventory (1937–1951).

t the expense of medium and low values, the proportion of
ery low values for the soil’s physico-chemical filtering capac-
ty has increased. This development, on a total of 7% (115 ha)
f the floodplain, is due to the destruction of peat horizons and
ther soil changes (already mentioned above). This effect has
merged, although in due course an artificial lowering of ground-
ater level, resulting from intensive agriculture and lignite min-

ng, should have induced an opposite tendency. However, soil
egradation outweighs the shelter effects of a deeper groundwa-
er level for groundwater quality.

.5. Treatment of the hypotheses

Finally, the hypotheses are verified by the results of the mon-
toring. The results of landscape change studies substantiate the
ypotheses listed in Section 2.2 as follows:

1 Humus loss and soil degradation are clearly proven by the
data.

2 Soil data demonstrate newly emerged local soil wetness as
a consequence of the decay of drainage facilities.

3 During the last decades wet areas in the floodplain have
been covered by excavation matter to a large extent (29%,
see Table 3).

4 The usable field capacity (see Section 3.3) was reduced.
That can cause problems with drought in summer (leading
to lower yields), but also damage to habitats.
significant loss in soil functions (see the example in Section
3.4).

6 Reports from local farmers give grounds for a high degree
of probability that this hypothesis is correct.
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ig. 5. Changes in the classes of physico-chemical filtering capacity in the Kle

.6. Meta-data

A suitable meta-data concept is the core of a successful
andscape monitoring scheme. To address this problem, it is
ecessary to balance two requirements: on the one hand, the
ystem should be easy to build up, but on the other it should
rovide full information about the data available. The details of
his meta-data concept are not described here. However, the key
rinciple of this approach consists of two main points of view:

. The thematic arrangement of data according to the individual
working steps outlined in Sections 3.2–3.5 – that means, for
every test area a working programme is elaborated, which
gives an overview about hypotheses, functions, indicators
and data to be analyzed. By the insertion of hyperlinks,
this working programme becomes a meta-data bank. The
hyperlinks show to what extent the working steps have been
realized, and it opens the way to the (digital) results.

. Documentation and putting together the ‘technical infor-
mation’ in a tabular form according the Dublin-Core-
Set (http://www.dublincore.org/documents/dces/) – the table
contains only technical data, not thematic information. This
limited extent of information is sufficient for the documen-
tation and the understanding of data. This form is also usual
worldwide. Thus, comparability is guaranteed.

.7. Recommendations for landscape management
By using appropriate indicators, not only temporal changes
an be identified, but also threats and management needs can be
ddressed. Such evaluations must consider all facets of a land-
ree test area (northern part) since the German Soil Inventory (1937–1951).

cape, and they may not refer only to a single component (like
oil or water). By comparing Environmental Minimum Require-
ents (Bastian et al., 2005) with the actual situation of the stated

ndicators, deficits become obvious.
Among the set of possible measures to overcome these

eficits as formulated in hypotheses A1–A6, some points
hat show a relationship with monitoring results should be
ighlighted. The results of investigations outlined in Sections
.2–3.4, including the hypotheses confirmed in Section 3.5, lead
o the following consequences:

. The relocation of soil in the course of water management
must be reduced to a minimum.

. In particular, engineered modifications to the river channel
should be removed and the river re-naturalized.

. Excavated material from future pond management measures
should be deposited on poor sandy soils (if nature conserva-
tion is not adversely affected), in order to increase their yield
potential and their resistance to soil erosion.

. Covering peat and wet grasslands with excavated material
should be avoided.

. An increase in grassland proportion and a more extensive use
of meadows is desirable. In particular, driving with heavy
machines on wet areas should be avoided, especially during
spring. Moist and wet grassland, as well as grassland situated
close to waters, should be mowed, but not grazed by cattle.

. Good humus and nitrogen balances on the arable land outside

peat and wet areas must be maintained in general. Fields with-
out vegetation coverage during wintertime should be covered
by intercrops, or cultivated with alternative soil protecting
methods.

http://www.dublincore.org/documents/dces/
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. Discussion

The framework presented enables holistic and goal-oriented
bservations of landscape changes. The monitoring is not
estricted to detecting changes in land use and landscape struc-
ure. In fact, the ecological interpretation of miscellaneous land-
cape changes is the focus of this investigation.

Comparable monitoring results will be of crucial importance
or future monitoring snapshots. Although time series based on
istorical data give much qualitative information on past land-
cape changes, they never reach the precision of quantitative
tatements that are possible if the data sampling follows a well-
efined monitoring programme. In addition, a suitable set of
onitoring data is a pre-condition for further tests to predict

omplex future landscape development. The monitoring pro-
ramme also provides various data for landscape modelling.
ccordingly, attention is paid to the usability of monitoring indi-

ators in models.
Researchers and authorities can use the framework of the

ALMA to design their own monitoring plans. The approach
as proved to be feasible in a total of six local and four regional
est areas in Saxony. Several issues could be examined at the
cale of Saxony. Because of the methodical emphasis, a detailed
resentation of all results achieved on several scales and in dif-
erent areas would be beyond the scope of this article. Finding
ppropriate solutions for data management, meta-data construc-
ion and data exchange between different monitoring projects is
major challenge for the future.

. Conclusion

The results from this investigation were obtained by follow-
ng a newly designed SALMA framework which was tested
n several areas in Saxony. It has been demonstrated here that
ssential landscape changes, even in ‘normal’ landscapes, are
ot always strongly influenced by human impacts only, but also
y long-term, moderate, stepwise influences. Landscape com-
onents known to be relatively stable (e.g. soil) may also display
hanges. Nevertheless, changes which may at first not appear to
e great can have considerable consequences for landscape and
uman society.

These facts indicate the importance of landscape monitoring
rogrammes as a pre-condition of scientifically sound landscape
anagement and landscape planning.
Relevant governmental authorities should recognize the

ecessity for monitoring programmes, and they should guaran-
ee their long-term financing. Monitoring needs specific methods
nd procedures of data collection and computer-based process-
ng. More fundamental research into the methodical basis is
equired, as well as international co-operation and co-ordination
mong individual programmes.
cknowledgement
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Dresden, pp. 225–236.

yrbe, R.-U., Palitzsch, G., 2002. Historische Elemente der Kulturlandschaft
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