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Sustainability comprises cultural, social, economic, environmental parameters and 
the dimension of time. In a first approach, sustainability can be understood as a paradigm 
indicating the right direction, which helps us to steer our environmental, social and 
economic systems in such a way that future generations will not be harmed or have the 
same chances as we have today [Blum 1997; 1998a; 1999a,b; 2000b].

Adopting this approach for land management means that land management can only 
be sustainable if all the functions of land and soil which are important for human 
societies and the environment can be fulfilled. This is still a very general and broad 
approach, which has to be adapted to the very specific local conditions in which we 
want to be sustainable. Therefore, being operational in sustainable land management 
means to look first into the different parameters which govern the local system. - In the 
context of soil and land management, the first question will be: What are the main 
functions of soil for human societies and the environment?

Under this aspect, six main functions can be distinguished, three of them more 
ecological ones, the three others more socio-economic and technically oriented. 
Ecological functions of soil are the biomass production in the form of food, fodder and 
renewable material, through agriculture and forestry, in which land and soil serve as a 
basis for plant production.

Moreover, soils have important functions as mechanical filter, physico-chemical 
buffer and biological transformation substrate between the atmosphere, the geosphere, 
the hydrosphere and the biosphere, protecting ground water and drinking water as well 
as the food chain against pollution, and maintaining biodiversity.

Soils are the most important gene reserve on the globe, because they contain more 
species in number and biomass than all the biota above ground.

Those three ecological functions are endangered by the use of land and soil as a 
physical basis for the development of infrastructure for human societies, such as the 
construction of houses, industrial premises, ways of transport, sporting grounds and 
dumping sites for refuse [Blum 1998b,с].

For this, soils are excavated and used as a source of raw materials, furnishing clay, 
sand, gravel and other mineral and organic materials for construction and other human 
needs. -  Finally, soils are a geogenic and cultural heritage, protecting archaeological 
and paleontological remnants of great importance for the understanding of the history 
ofhumankind.
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Due to very severe competition in the use of these different soil functions, three 
main forms of competition can be distinguished:
The competition between soil as a physical basis and source of raw material on one 

side and all ecological functions on the other side, because in the case of the con
struction of a house or a road, all other ecological functions, including the function 
of natural and cultural heritage are impeded. This is also true for the excavation of 
raw materials, because the remaining land surface does not allow to fulfil the three 
ecological functions any more.

The second form of competition derives from the established infrastructure, such as 
traffic routes, settlements and industrial sites, which are causing severe loads on the 
adjacent agricultural and forest land and soils through the atmospheric pathway, 
e.g. through the deposition of pollutants and contaminants, on the waterway, e.g. 
through contaminated water, e.g. waste water, sewage sludge, or through terrestrial 
transport, when we contaminate and pollute soils through waste deposits and the 
incorrect use of pesticides and fertilisers.

Finally, there exists also competition between the ecological functions themselves, be
cause the optimisation of agricultural production through the use of pesticides and 
fertilisers may harm the quality of ground water through contamination, because 
each drop of rain falling on agricultural and forest land has to pass the soil before it 
becomes ground water and therefore in many parts of the world severe competition 
exists between the agricultural use of fertilisers and pesticides on one side and the 
protection of ground and drinking water resources on the other side.

Further problems exist between intensive agricultural land use and biodiversity in many 
ways.
The spatial and temporal competition in the use of these six different functions is 

widespread and leads to the question how sustainable land and soil use can be defined.
Sustainable land and soil use is the spatial and/or temporal harmonisation in the use 

of all six functions, avoiding or minimising irreversible ones, such as sealing, excavation, 
salinisation, deep reaching compaction, severe contamination by inorganic pollutants 
and others.

This is not a scientific but a political task, because scientists can only develop 
scenarios, explaining what may happen under which circumstances, when different 
decisions are taken. The decisions have to be taken in a bottom-up approach, when 
people of a certain region define what kind of land use they want or in a top-down 
approach, when leading people are deciding what they want and decisions are taken 
top-down.

In all these cases, either the local population on one side or the politicians and 
decision makers on the other side need information in order to take decisions.

Indicators are a condensed form of information, which can serve for both sides, the 
stakeholders as well as the decision makers and politicians. This leads to a new way of 
steering soil and land management [Blum 1999c, 2000a,b,с]. Indicators, in this case 
soil indicators, can be used on different levels: firstly indicators help to define the state 
of a certain land or soil. Indicators can also help to explain why this state exists, and 
therefore answer the question, what driving forces exist behind and what the pressures 
are, deriving from these driving forces?
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On the other side, the question will arise, which impact the actual state of soil may 
cause? There can be direct impacts or indirect impacts, negative and positive ones. 
The population as well as decision makers and politicians will then ask what they can 
do in order to change the system into a sustainable direction, and this means which 
responses can be given in order to avoid or to mitigate problems or to improve land and 
soil management?

For this purpose, the DPSIR framework approach was developed, based on the 
OECD Agri-Environmental Indicator Framework, defined by state, impact and response 
[OECD 1997].

The new DPSIR indicator framework developed by the European Environment 
Agency [1999] comprises driving forces, pressures, state, impacts and responses, and 
is shown in Figure 1. From this figure it becomes clear that soil indicators are most 
important tools to steer sustainable land management.

Based on Figure 1, the following example can be given.
The state of a soil can be characterised by degradation caused through contamination. 

The direct impact will be the inhibition of any agricultural use. The indirect impact can 
be a change in the local population, in size and distribution, because without agriculture, 
many farmers have to move away in order to find new ways of living.

On the other side, the question is, why is the soil contaminated? And here we may 
find emissions to air, water and land as a direct pressure, and the driving force behind 
can be, as in most cases, industrial or household activities, leading to emissions to the 
air, water or land and soil.
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FIGURE 1. The DPSIR Framework Applied to Soil
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FIGURE 2. Land and soil management -  the dimensions of space and time

The next question of the local population, politicians or decision makers will be, how 
to mitigate this problem. There are many ways, reaching from information, education, 
capacity building, to specific regulations or legal instruments, avoiding e.g. industrial 
emissions to air, water and land, thus mitigating soil contamination or to remediate 
contaminated soils in order to allow again agricultural use [Blum 2001 a,b; 2002a,b].

From this example it becomes clear that the DPSIR framework approach is a very 
important tool to steer or to regulate sustainable land and soil use and to bridge between 
scientific and technical knowledge on one side and those who need this information for 
operational measures on the other side, such as farmers, foresters, land use planners, 
civil servants, politicians and decision makers.

However, Figure 2 reveals that this is not always an easy task, because land and soil 
management has different dimensions in space and time, e.g. looking into the effect of 
globalisation (Blum 2002c).

Figure 2 explains that there are several spatial dimensions, the world dimension, the 
country or regional dimension and the local dimension e.g. of a farm or household, and 
that between all three levels, cultural, social and economic driving forces as well as 
ecological ones are influencing each other. Definitions and decisions which are taken at 
the WTO or at the EU level are certainly influencing on a country or regional level and 
are also influencing the farm or household level. The same is true for ecological driving 
forces, such as climate change, change in biodiversity and others.
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Concluding, it can be stated that soil indicators are an important tool for sustainable 
land management on a local, regional and world wide level. Therefore, the actual 
endeavours for a European Soil Thematic Strategy by the European Community are 
based on this approach [Blum 2003a,b]. This Soil Thematic Strategy, distinguishing 
between 8 main threats to soil and its operational programmes aim at new directives 
for sustainable land and soil use in Europe, based on an indicator approach.
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