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Fabian Cortesi*, Erwin Hepperle* 

Impacts of Megatrends on Soils 
A New Approach to Sustainable Resource Management 

1. Introduction 

Sustainable development means a development which “meets the needs of the present 
without compromising the ability of future generations to meet their own needs” (WCED 
1987). In order to meet human needs in future, the capacity of ecosystems to provide 
goods and services must be maintained (Foley et al. 2005). Soils are part of the natural 
environment as an integral component of both the natural ecosystems and the physical 
and cultural environment for mankind (Andrews et al. 2004). They perform a number of 
fundamental functions, such as food and other biomass production, storing, filtering and 
transformation, habitat and gene pool, physical and cultural environment for mankind, 
and source of raw materials (EC 2002). The quality of the soil resource must be sustained 
at an adequate level in order to perform all these functions for the society and the envi-
ronment and, thus, to preserve its multifunctionality (Nortcliff 2009). This is essential 
since the soil resource must be considered as non-renewable within human time scales 
(Blum et al. 2004). Appropriate to the multifunctionality approach, soil quality is often 
defined today as “the capacity of a specific soil to function, within natural or managed 
ecosystem boundaries, to sustain plant and animal productivity, maintain or enhance water 
and air quality, and support human health and habitation” (Karlen et al. 1997).  

Nowadays, the various soil functions are at risk: 15% of global soils from ice-free land 
show signs of degradation, whereof 15% are classified as severe, as estimated in 1994 
(WBGU 2001). As a consequence, the resource base of arable land is shrinking globally 
and it is questionable how long the world’s population will possess enough fertile soils and 
be able to feed itself (Brander 2007; Montegomery 2007: 246; Pimentel et al. 2008: 367). 
Currently, the limited availability of fertile soils is more and more realized. Accordingly, a 
so called “grabbing of land for food” can be observed (Smaller et al. 2009). Some, mostly 
emerging countries (e.g. China and Saudi Arabia) expanded their acquisition of fertile 
lands for agricultural production to developing countries.  

Reasons for soil degradation are very diverse and complex (Geist et al. 2006). Whereas soil 
must be preserved on the local level where degradation processes takes place, many rea-
sons for soil degradation can be attributed to developments taking place on the global 
scale, so called megatrends. The term megatrend, coined by Naisbitt et al. 1990, indicates 
processes which occur at a supraregional or mostly global spatial level. Such trends are 
statistically measurable and observable over a period of several decades and, hence, allow 
their projection over a certain time span.  

                                                        
* Soil Protection, Institute of Terrestrial Ecosystems, ETH Zurich, Switzerland. 
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Some important environmental and societal developments are among megatrends. Exam-
ples for environmental megatrends are the global climate change (IPCC 2007), the increas-
ing scarcity of fossil energy resources (IEA 2008) and the shortage of water (UNEP 2007). 
These megatrends are largely caused by societal developments. Societal megatrends, which 
describe the formation and transformation of social life, customs and institutions as well 
as economic developments, include examples such as the demographic development (UN 
2005), the increasing demand for food (McKeown 2009), global poverty and malnutrition 
(FAO 2008), and the mobility and the urbanization trend (UNEP 2007). 

These megatrends can lead to (i) increasing demands for soil functions as well as to (ii) 
pressures on soil quality. Megatrends need our special attention because their influences 
are complex and diverse and megatrends themselves hardly allow for direct manipulation 
on a local level. Therefore, on a local level, where impacts on soils take place, demands as 
well as pressures of megatrends must be comprehended in the framework of a sustainable 
resource management to be considered in land use decisions.  

In this article, a conceptual approach to structure the research on megatrends’ impacts on 
soils is presented. In the first paragraph, the methodical constraints on megatrends re-
search are discussed briefly. In the second paragraph, a cause-response framework is in-
troduced to structure the research. Subsequently, a general research approach is outlined, 
consisting of a shell model to describe general pressures of megatrends (paragraph 4) and 
a regional case study to identify pressures on soil quality (paragraph 5). In the final para-
graph, insights are summarized and a conclusion is drawn. 

2. Methodical Challenges 

Even though it is possible to identify major change processes occurring on the global scale 
with some continuity, researching megatrends always means attempting to research the 
future by making statements about the future development (Slaughter 1993). In many 
cases, a future development is predicted by estimations based on information about its 
past and current development (Blass 2003). Because of this, researching megatrends 
means looking back and forward by means of analyzing the past development of trends 
and, based on that, trying to identify their future development. When megatrends are 
examined, the following aspects should be considered. 

2.1 Including Uncertainties 

Based on insights in the past development of megatrends, the future development might 
be drawn by extrapolation (Renn et al. 2007: 27ff.). This approach is adequate to identify 
general pressures and demands due to megatrends. But, since statements about the future 
are always unsure, it is essential to methodically include uncertainties as soon as the quan-
tification of any impact is in the scope of interest. To realize this aim, different scenarios 
for the future development should be considered according to possible uncertainties 
(Scholz et al. 2002: 80). Thus, the identification of megatrends means first to identify actu-
al trends as driving forces and, subsequently, to develop scenarios for its future develop-
ment based on these insights.  
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2.2 Consideration of local varieties 

Local characteristics and impacts of megatrends vary substantially in the majority of cases. 
For example, global population growth rates differ considerably between world regions 
and are highest in developing countries (Alexandratos 1999). These local differences of 
impacts must be considered when researching megatrends. Moreover, soil is a heterogene-
ous medium and soil characteristics vary considerably between different locations (Karlen 
et al. 2001). For these reasons, megatrends should be studied on a scale that allows to 
consider megatrends’ pressures in land development strategies. 

2.3 Interlinkages and systemic character 

Every megatrend is linked to other trends and, as a consequence, is difficult to investigate 
separately. The research of megatrends must account for this interconnectivity. This be-
comes clear by looking at systemic interlinkages of population growth trends. Population 
increase leads to a rising demand for food, the more it is connected with changing con-
sumption patterns, a social trend that can be regarded as an additional important driving 
force (FAO 2002; FAO 2006). Food demand implies a pressure on food production. The 
according intensification of agricultural production may cause a loss of soil quality and, 
consequently, lead to a decreased availability of fertile land (Geist et al. 2006: 47). The 
latter can impact food supply which may result in famine and, in turn, affect population 
growth rates (Montegomery 2007: 106ff.). 

2.4 Countertrends 

Most megatrends inherently involve a countertrend. Such countertrends are often of a 
societal character and comprise a societal reaction to megatrends. For example, due to the 
megatrend of declining fossil fuel reserves, many countries are boosting technologies for 
energy production based on renewable resources (IEA 2008: 4).  

In the majority of cases, a megatrend and the corresponding countertrend are of similar 
importance. But they may differ considerably in the character of their impacts. This be-
comes clear by looking at the environmental impacts of the example introduced above: 
The declining fossil fuel reserves lead mainly to changes in extraction techniques (IEA 
2008: 10). Consequently, these impacts take place in countries where these reserves can be 
found (e.g. to extract oil out of tar sands). This is not the case with the countertrend, since 
normally the rise of renewable energy technologies takes place on a larger spatial scale 
(Pimentel et al. 2008: 259ff.). This is due to the fact that availability and use of renewable 
energy resources (e.g. biomass, wind and solar energy) are less concentrated than that of 
fossil energy.  

3. Cause-Response Framework for Megatrends 

The DPSIR (driving forces, pressures, state, impacts, responses) framework (EEA 1999) is 
a general process schema. It is used to systematically structure and visualize causal interre-
lations between driving forces, pressures, state, impacts and responses connected with soil 
policy (Blum et al. 2004). Megatrends’ impacts on land and soil can be schematically de-
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picted by this framework (Figure 1). For this purpose, the original set-up of the DPSIR 
framework is complemented with megatrend and the corresponding countertrend as additional 
elements. This may enhance the frameworks’ capability to comprise overarching develop-
ments in terms of describing the correlations as follows: 

 Megatrends and their corresponding countertrends appear at a supraregional or global 
level. They are either (i) indirect or (ii) direct drivers for developments at a lower spa-
tial level (Millennium Ecosystem Assessment 2003: 93ff.). In the first case, megatrends 
have an effect on the decision-making process and, hence, influence the driving forces 
at a lower spatial level (referred to as indirect pathway in Figure 1). This applies when 
the megatrend of global population growth leads to an increased demand for food, 
which ends up in a demand for more food production in a specific country. In the se-
cond case, megatrends directly affect ecosystem conditions and services (referred to as 
direct pathway). For example, climate change as an environmental megatrend can di-
rectly affect local climate conditions, e.g. by more frequent droughts. This results in 
pressures on soils, a development which has already been noticed for Switzerland 
(Fuhrer et al. 2009). 

 Driving forces induce land use changes, described as pressures. Driving forces occur on 
different spatial and administrative levels, according to their relevance in the respective 
decision making process on land use. Corresponding to the increased demand for 
food, production is intensified or extended to new land (Nonhebel 2005). 

Figure 1: The Megatrend-DPSIR Framework, modified based on Blum et al. 2004 

Megatrend

Societal or Environmental Developments 
at Global or Supraregional level
e.g. population growth or 
climate change

Driving 
Forces

Pressures

State

Impact

Responses

Spatial Development and 
Land Use Management
e.g. intensified and expanded 
food production or droughts

SOIL DEGRADATION
e.g. contamination, decline 
in soil organic matter or 
soil compaction

Societal Reaction
e.g. consideration of impacts 
of megatrends in land use 
planning and agricultural 
techniques

NATIONAL, REGIONAL OR 
LOCAL LEVEL: 

i) Indirect Pathway: Megatrends 
influence Societal Decision Making 
Processes
e.g. to increase food production

ii) Direct Pathway: Megatrends 
directly affect Ecosystem Conditions 
and Services 
e.g. climate change resulting in more 
frequent droughts

INDIRECT: Effects on 
other Media
e.g. loss of biodiversity

DIRECT: Changes in Soil 
Functions

Countertrend

SOIL LOSS
e.g. soil sealing, soil 
erosion or largescale 
land movements

(ii)

(i)
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 Pressures may cause soil degradation processes and soil loss, indicated as state. For the 
example of intensified or expanded food production this can be soil compaction or 
erosion (Montanarella 2007). 

 State changes are changes of the environmental conditions of soils (soil loss, soil deg-
radation and in some cases improvement of soils). Changing the state induces impacts 
on the functionality of environmental systems. 

 Impacts describe the effects of changes in the state of soils. Impacts are referred to as 
direct if the capability of soils to fulfill expected functions is being changed (e.g. if food 
production is affected due to soil erosion). On the other hand, impacts are referred to 
as indirect if other media of the environment are affected (e.g. loss of biodiversity). 

 Responses describe societal reactions to these impacts. These responses, in the shape of 
feedback loops, can be directed back to each step of the framework, i.e. to (i) mega-
trends (even though the direct manipulation of megatrends on a local level is hardly 
possible, as indicated above), (ii) driving forces by discussing societal developments 
more generally, (iii) pressures by influencing spatial development and land use man-
agement, (iv) state by means of soil degradation prevention measures, or to (v) impacts 
in terms of changing demands for soil functions.  

The DPSIR framework helps us to structure the discussion of megatrends’ influence on 
soil quality and, subsequently, to manage the systemic character and thematic interlinkages 
of the subject, as stated in paragraph 2.3. However, it remains a challenge to reduce the 
systemic interrelations to an adequate level of complexity by neither oversimplifying nor 
overloading the analysis of the problem (Vrscaj et al. 2008). 

Analyzing the causal chain given by the DPSIR framework is a complex task (Gobin et al. 
2004). It is nearly impossible to find out if a certain impact on a specific soil is really initi-
ated by a specific megatrend. We therefore introduce a mixed top-down/bottom-up ap-
proach (Figure 2), based on the following considerations: We expect that general pressures 

Figure 2: Megatrends’ Impacts on Soil Quality

Megatrend

Countertrend

Driving
Forces

Pressures State
Impacts on Soil

Quality

Top-Down: Identification of pressures 
arising from megatrends

Bottom-Up: Evaluation of local changes 
in soil quality & relating them to pressures
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arising from megatrends can be identified. This can be done by discussing changing de-
mands on land and soils. This top-down approach is complemented by a bottom-up ap-
proach that evaluates the quality of soils regarding the performance of demanded ecosys-
tem functions. Any decline can be related to a shift in the state of soils, commonly caused 
by pressures. This approach allows to identify responsible pressures for changes in soil 
quality. Gains and limits of the top-down and the bottom-up approach are discussed in 
the next two paragraphs.  

4. Shell Model for Transformation Processes 

By following the top-down approach a shell model is shaped to describe general pressures 
arising from megatrends and to delineate their possible development. In this model trans-
formation processes are schematized along the DPSIR framework, by following the indi-
rect pathway presented in the previous section. This will be done by means of an abstract 
analysis of the functional chain of megatrends, induced processes of land use change and 
impacts on soil quality which are influenced by these land use changes. The human-
environment system is modeled in an onion-like structure, consisting of three shells, the (i) 
shell of external influences, (ii) the shell of actions, and (iii) the shell of natural resources, 
as depicted in Figure 3. The shell model works as follows: 

 Shell of external influences: The outmost shell comprises megatrends and their counter-
trends. Megatrends influence each other and influence the land use change process. 
Thereby megatrends are comprehended as constraints on a global or supraregional 
scale. Consequently they appear as boundary conditions for developments on the na-
tional and regional level.  

 Shell of actions: Megatrends have an effect on the decision-making process at lower spa-
tial levels. Hence, the development of megatrends constitutes a need for action, which 
is anticipated at the different administrative and geographical levels. The second shell 
contains these actions which take place at the national, regional and local scale. Hence, 
the boundary between the shell of external influences and the shell of actions is 
crossed by the relevant driving forces. 

 Shell of natural resources: The shell model sets soil on a local level in the central shell of 
resources. The boundary of the core-shell is crossed by soil pressures, indicating land 
use changes that cause soil degradation and loss. These changes of soil state can impact 
soil quality. 

The shell model is reduced to interrelations in one direction, i.e. from the outside to the 
inside. Feedback loops from the shell of resources to the shell of actions are excluded 
from this model. Also interrelations between megatrends and land uses are considered in a 
one-way manner only, by following the aforementioned definition of megatrends which 
implies that megatrends themselves hardly allow for direct manipulation on a local level. 
However, trends on a national, regional or local level can have an effect on trends that 
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occur at a larger spatial level.1 But this reduction of the model is considered as adequate 
since the aim of the model is the identification of relevant soil pressures and not the 
complete mapping of the human-environment system. 

The functionality of this model is exemplified on the two megatrends of “increasing de-
mand for food” and “declining fossil fuel reserves”: On a global level, these two mega-
trends influence each other; on the one hand, declining reserves of fossil fuels may result 
in a boost in energy prices (IEA 2008: 18) and, as a consequence, in a demand for im-
proved energy efficiency in food production (Montegomery 2007: 199). On the other 
hand, if the increased food demand leads to an extension of food production (occurring as 
a countertrend to the higher food demand), this may raise the demand for energy (Pimen-
tel et al. 2008: 363). 

                                                        
1 The relevance of such feedback processes becomes clear by looking at the example of the Sahel 

Syndrome where, in the 1970s in the Sahel in Africa, local soil degradation due to agricultural overuse 
gave rise to migration processes affecting several countries (WBGU 1994: 161ff.). 

Figure 3: Shell Model for Transformation Processes along the DPSIR Framework 

Social Reactions
e.g. Inclusion of impacts of 
megatrends in spatial planning and 
agricultural techniques

Impacts on
Soil Quality

Megatrend B

Countertrend B

Megatrend B

Countertrend B

Megatrend A

Countertrend A

Megatrend A

Countertrend A

State

Shell of external 
Influences Shell of Actions

Shell of natural
Resources

Global Scale Local Scale

Land Use Change Process 

Driving Forces Pressures

Shell of External Shell of Natural 

Erwin Hepperle et al. (Hrsg.): Core-Themes of Land Use Politics, © vdf Hochschulverlag 2011



62 Fabian Cortesi, Erwin Hepperle 

On a national and regional level, these two megatrends induce the following land use 
changes: Increased food production can generally be achieved by intensified production or 
the cultivation of additional land (Nonhebel 2005). The megatrend of declining fossil fuel 
reserves can lead to growing demands for land for the production of renewable energy, 
e.g. the cultivation of biofuels (Stoeglehner et al. 2009). These additional land demands 
may reinforce the competition for the best agricultural soils (Pimentel et al. 2008: 270). 

On a local level, land use changes result in pressures on soils and may impact soil quality 
as follows: The expansion of land for food production stimulates tillage on land which is 
less suitable for cultivation, e.g. on slopes (Van-Camp et al. 2004). This then leads to high-
er risks of erosions, floods and landslides (Montanarella 2007). The intensification of food 
production may result in an increased application of chemical fertilizers and pesticides 
and, thus, cause a loss of biodiversity and contamination of soils (Van-Camp et al. 2004). 
In addition, such intensifications often worsen the energy efficiency of food production 
and, because of this, increase the dependence on fossil fuels (Wachter 2009: 118). 

This example shows how this shell model accomplishes to structure transformation pro-
cesses that are taking place on different geographical levels. The shell model can help us 
understand more fully the systemic interlinkages and implications of (i) megatrends, (ii) 
land use demands and (iii) pressures on soils according to the DPSIR framework. This 
gives the basis to discuss the question of which issues must be tackled on which geograph-
ical level. Accordingly, requirements for land development strategies can be identified.  

However, to give any evidence on soil pressures of megatrends, uncertainties must be 
included, as stated in paragraph 2.1. This can be accomplished by the scenario analysis 
method (Alcamo et al. 2006). The method of scenario analysis is a “scientific technique to 
construct well-defined sets of assumptions to gain insight into a case and its potential 
development” (Scholz et al. 2002: 79). Within this method storylines are formulated that 
describe possible future states in order to answer questions about future development in a 
systemic way.  

The scenario analysis method can be suitably combined with the top-down approach. In 
doing so, land use scenarios can be developed based on a system analysis and the derived 
influences of megatrends (as described above). Megatrends are realized as “driver trajecto-
ries” at the global or supranational scale in the shape of shell conditions for possible de-
velopments at the national or regional scale (Mannermaa 2000; Biggs et al. 2007). This 
approach can be understood as a cross-scale scenario exercise whereas descriptive scenari-
os are constructed, based on a forward-looking analysis (Swart et al. 2004). This means 
that possible developments at the national or regional scale are described based on insights 
in the past and current development of megatrends at the supranational or global scale. 
This is done by (i) exploring how different plausible socio-economic trends would influ-
ence land use patterns in the future and (ii) how these might influence soil pressures, ac-
counting for all relevant scientific uncertainties (Swart et al. 2004).  

In general, the top-down approach is convenient to be combined with both qualitative and 
quantitative scenario methods. The quantification of such complex systems as a whole can 
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be achieved by means of computer models which are able to comprise a big number of 
parameters. A famous example for such “world-models” is the computer model World3 
(Meadows et al. 2005). All the same, such models have inherent restrictions. They involve 
high uncertainties and do not accomplish to effectively understand concrete impacts on 
land and soils of identified megatrends (Renn et al. 2007: 23). Qualitative scenarios, con-
sisting of narrative texts, so called storylines, are more flexible and able to catch a higher 
number of factors, in particular where data availability is insufficient (Swart et al. 2004; 
Alcamo et al. 2006). But, even though qualitative methods seem to be more convenient 
for the top-down approach presented in this paragraph, qualitative methods can be com-
plemented with quantitative modeling in case of adequate knowledge of relevant processes 
(Swart et al. 2004). 

5. Regional Case Study: Identification of Pressures on Soil Quality 

By following the considerations presented in the previous paragraph, the top-down ap-
proach can be expected to be convenient for identifying soil pressures arising from mega-
trends. But, the shell model is limited to the solely identification of possible developments 
of soil pressures. To effectively identify soil degradation risks, local soil characteristics 
must be considered, as stated in paragraph 2.2. Therefore, the shell model for transfor-
mation processes must be complemented with a case study to understand the correlations 
between pressures, state and impacts, referring to the DPSIR framework. Hence, the aim 
of the bottom-up approach presented in this section is to evaluate local changes in soil 
quality and to relate these changes to responsible soil pressures.  

High soil quality means that the soil resource is able to perform demanded environmental 
and societal functions in a long-term and balanced way (Doran 2002). But, individual soils 
can never accomplish all possible functions simultaneously since the performance of one 
soil’s specific functions excludes others (Karlen et al. 2001). For example, a natural wet-
land implies other demands for soil functions than arable food production. Hence, if a 
wetland soil is drained, the suitability for arable food production may increase whereas the 
soil looses natural habitat functions and the biodiversity may decrease. Therefore, the 
investigation of soil quality regarding its multifunctionality should be applied over a larger 
spatial scale, i.e. to an assemblage of soils, conducted within the framework of a case study 
on a regional scale (EEA 1995: 149). The idea is to view an area as an ecosystem or “soil-
scape” which is able to cope with the demand for all soil functions (Nortcliff 2009). To 
comply with this, in the second part of our research approach the roles of pressures on 
soil quality will be examined on a regional scale, in the framework of a case study region.  

In order to evaluate pressures on soil quality, soil quality is understood as the suitability of 
a soil to satisfy demands, in analogy to “land suitability” which is defined in land evalua-
tion as “the fitness of a given land unit for a specified type of land use” (De La Rosa 
2005). This evaluation concept is schematically depicted in Figure 4 and works as follows: 
On the one hand, each soil comprises specific potentials and sensitivities regarding differ-
ent soil functions (Hepperle et al. 2006: 91). The dimension of the soil potential depends 
upon the soil condition and its suitability to perform individual functions. This is, for 
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example, the potential for arable food production. Soil sensitivity describes, conversely to 
soil potential, the risk that the capacity of a soil to perform a demanded function will be 
decreased long-term by specific impacts on their functionality. One thinks of the erodibil-
ity or compactibility of a particular soil. 

On the other hand, the dependence of the society on the different goods and services 
provided by soils implicate different requirements for soil functions. To consider the mul-
tifunctionality of soils, the evaluation of land-use-dependent needs for soil functions must 
be complemented by the evaluation of soil functions that are not directly connected to 
certain land uses. These are spatially overlaid societal requirements, e.g. regulation func-
tions of soils in respect of the water balance and soils as archive for natural and cultural 
history. Regarding this aspect one can establish that there is an interaction but also a com-
petition between the different soil functions, such as the suitability of a soil for agricultural 
production and the capability of filtering, buffering, and transformation to avoid impacts 
on atmosphere, groundwater and plant cover. As a consequence, the quality of a soil re-
lates to the suitability of a soil to fulfill a certain demanded function. Therefore it is crucial 
for resource protection which land uses take place on which soils (Van-Camp et al. 2004).  

Based on this consideration the quality of soils in a case study region can be increased or 
decreased in two ways:  

 Firstly, soil potentials and sensitivities will change in the long-run if a land use is not 
suitable for the soil it takes place on. This is the case if, to take a well-known example, 
arable crops are cultivated on steep slopes and soil is lost through erosion.  

 Secondly, soil quality can change if demanded soil functions for a specific soil are al-
tered. Land use changes can increase or decrease soil quality, depending on the suitabil-

Figure 4: Soil Quality Evaluation Concept at the Regional Scale 

Sensitivity of soils 
in respect of the 
different possible 
impacts

Soil 
Quality

Land Use Soil

Potential of soils 
to perform the 
different soil 
functions 

Impacts of land 
uses on soil

Soil 
Potential

Soil 
Sensitivity

Demands of land 
uses for soil 
functions
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ity of the changing land use for the specific soil. Using the example from above: if the 
cultivation of arable crops on a steep slope is stopped and the land is now used as a 
pasture, soil quality may increase.  

Hence, relevant pressures on soil quality can be identified by evaluating which land uses 
and land use changes are responsible for what changes in soil potentials and sensitivities. 

It is important to note that the assessment of the sustainability of land uses cannot be 
reduced to evaluating the suitability of land uses for soils. In the face of sustainability, soil 
quality evaluation must always be set in context with the evaluation of land development 
strategies; striving for a holistic view on land use evaluation by integrating the environ-
mental, social and economic dimensions of sustainability (Dumanski et al. 2000). This 
becomes clear by looking at the example of the spatial organization of working farms: 
Beside the preservation of soil quality, it is important that different agricultural plantings 
are more or less spatially concentrated. An incoherent spatial assemblage of different land 
uses worsens the practicability of cultivation and, thus, concerns energy efficiency and 
economic profitability. The latter two points are also important aspects for sustainability 
and are disregarded when only the suitability of land-use is optimized. 

6. Summary and Concluding Remarks 

To date soil quality is often disregarded in the sustainability assessment of land uses (Har-
temink 2008). However, soil quality is currently being increasingly realized as a necessity 
for a sustainable development. Haber (2007) has identified a principal requirement for 
being capable of managing three main ecological traps of humankind, the energy, the food 
and the land occupation trap; namely, the availability of adequate arable and pasture land 
with suitable soils. This finding is in common with Lal (2010) who has identified the resto-
ration of degraded soils and ecosystems as one of four main needs for sustainable devel-
opment. 

Megatrends may impose increasing demands for fertile soils as well as new pressures on 
soil quality which both have to be managed within a sustainable resource management. To 
meet new demands and to sustain soil quality, land development strategies should be de-
veloped that help to close both, the gap between global megatrends’ demands and pres-
sures as well as the cap between pressures and the local preservation of soil quality. Sus-
tainable land development strategies must, on the one hand, be capable of managing both 
short- and long-term needs for ecosystem services and, on the other hand, preserve the 
resilience of the soil resource (Foley et al. 2005; Chhabra et al. 2006).  

To be able to meet these requirements we need to know (i) what changing demands and 
pressures on soil come from megatrends and (ii) where and how soil quality is at risk due 
to current and future pressures. Today this knowledge is inadequate and must be extend-
ed.  

In this article, general research requirements of this task are identified and a research ap-
proach is presented according to the DPSIR framework. However, there is probably no 
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methodology to close the gaps between megatrends’ developments at the global scale and 
impacts on the soil resource at the local scale in a straightforward way since the diverse 
systemic interlinkages will always involve a high grade of uncertainty. But, by means of the 
mixed top-down/bottom-up approach important pressures on soil can be identified and 
uncertainties can be structured by means of the scenario analysis method: On the one 
hand, the top-down approach helps us to gain insights into pressures coming from mega-
trends and to understand the relevance of these pressures on land and soils on a regional 
scale. On the other hand, the bottom-up approach gives insights into changes in local soil 
quality due to such pressures. By means of a regional case study, a soil quality balance can 
be accomplished and responsible pressures can be identified. Hence, pressures are the key 
element in the DPSIR framework which help us to interlink decisions taken on different 
administrative and geographical scales with soil quality change on the local scale. 

Information on the scope of action must be established by means of taking the top-down 
as well as the bottom-up perspective in order to integrate both into decisions on land-uses. 
Based on that, it can be discussed what societal responses to megatrends’ soil pressures 
must take place on which administrative and geographical levels. An improved under-
standing of megatrends’ pressures on soil may allow the anticipation of future impacts and 
demands due to megatrends and could, if taken seriously, bring us a step closer to sustain-
ability. 
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