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Abstract 

Soils provide an array of essential, life-supporting ecosystem services that underpin 
human civilisation. This thesis, presents the result of a first iteration of an indicator 
development process towards a complete set of soil indicators for the assessment of soil 
sustainability. A total of 360 potential indicators, relating to issues concerning the 
sustainability of soil were identified through an extensive literature review. Under the 
guidelines of the BellagioSTAMP and using a thematic approach to indicator 
development, a conceptual indicator framework was developed, based on the ISIS 
Compass of Sustainability and United Nations Commission on Sustainable Development 
indicator set. The framework consist of three sustainability dimensions: Nature, Economy 
and Society & Wellbeing, each divided into themes and sub-themes. The themes selected, 
include: Atmosphere, Biodiversity, Soil Properties, Economic Value of Soil Ecosystem 
Services, Consumption & Production Patterns, Industry Specific Indicators, Institutional 
Framework and Capacity, Awareness and Public Participation, Health, Demography, and 
Security. The European Environmental Agency´s DPSIR (Driving force-Pressure-State-
Impact-Response) framework was used as a supplement to the thematic framework to 
clarify causal relationships between indicators and other issues important for policy and 
decision makers. A total of 44 potential SIFS indicators were selected on the basis of 
policy relevance, analytical soundness and measurability and further developed within 
the framework. The proposed indicator set sets the basis for the development of a 
sustainability indicator set for soil that will continue over the next three and a half years, 
when the SoilTrEC project and hence the indicators are scheduled to be completed. 





 

Útdráttur 

Margvísleg þjónusta vistkerfa leggur grunninn að mannlegu samfélagi. Mikið af þeirri 
mikilvægu þjónustu sem vistkerfi náttúrunnar veita okkur byggir á virkni jarðvegs. Í 
þessari ritgerð er kynnt fyrsta ýtrun í þróunnarvinnu SoilTrEC sjálfbærnisvísa fyrir jarðveg. 
Með víðtækri fræðilegri samantekt var borið kennsl á 360 mögulega sjálfbærnivísa fyrir 
jarðveg. Farið var eftir viðmiðunarreglum BellagioSTAMP og var notuð þematísk 
aðferðafræði við vísaþróun til að þróa heildarvísaramma, byggðan á ISIS 
sjálfbærináttavitanum og sjálfbærnivísum nefndar Sameinuðu þjóðanna um sjálfbæra 
þróun (CSD). Vísisramminn samanstendur af þremur sjálfbærnidvíddum: Náttúru, Efnahag 
og Þjóðfélag & Vellíðan, sem hverri er skipt upp í þemu og undirþemu. Þemun sem valin 
voru eru: Andrúmsloft, fjölbreytileiki, Eiginleikar Jarðvegs, Efnahagslegt Gildi 
Vistkerfisþjónustu Jarðvegs, Neysla & Framleiðslu Mynstur, Sértækir Vísar Fyrir Iðnað, 
Stofnanarammi & Geta, Meðvitund & Þáttaka Almennings, Heilsa, Lýðfræði og Öryggi. 
DPSIR rammi Umhverfisstofnunar Evrópu (EEA) var notaður sem viðbót til að skýra 
orsakatengsl fyrir stefnumótendum og ákvarðanatakendum. Alls voru 44 sjálfbærnivísar 
valdir á grundvelli stefnugildis, greiningarhæfni og mælanleika þeirra og þeir þróaðir 
áfram innan heildarvísarammans. Tillagðir sjálfbærnivísar leggja grunninn að 
áframhaldandi þróunarvinnu sjálfbærnivísa fyrir jarðveg innan SoilTrEC verkefnisins sem 
styrkt er af Evrópusambandinu. Þróunnarvinnu með vísana verður haldið áfram næsta 
þrjú og hálfa árið, eða þangað til SoilTreC verkefninu , og þar með vinnu við 
sjálfbærnivísana, er áætlað að ljúki. 

 





 

 

 

 

 

 

 

 

Dedication 

This thesis is dedicated to my sons, Gunnar Örn and Helgi Þór,  

and my husband Guðmundur. 

 

 





 

Preface 

This thesis is submitted to the School of Engineering and Natural Sciences at the 
University of Iceland as a 60 ETCS project in the Environment and Natural Resources 
program. The project is a part of the SoilTrEC project that is sponsered by the European 
Union´s Seventh Framework Programme, and is the first step towards the development of 
a set of SoilTrEC soil indicators for sustainability. 

 





xi 

Table of Content 

 

Abbreviations .............................................................................................................. xv 

Acknowledgements ................................................................................................... xvii 

1 Introduction ............................................................................................................ 19 

1.1 Motivation ............................................................................................................. 19 

1.2 Objective................................................................................................................ 21 

1.3 General methodology ............................................................................................ 21 

1.4 Geographic scope .................................................................................................. 21 

1.5 Readers guide and structure of thesis .................................................................. 22 

2 Background ............................................................................................................. 23 

2.1 The Sustainability Concept .................................................................................... 23 

2.2 Sustainability Assessment and Indicators ............................................................. 23 

2.3 Indicator Development: Frameworks and Methodologies ................................... 24 

2.3.1 Guiding Principles ........................................................................................ 25 

2.3.2 Framework and Approaches ........................................................................ 25 

2.4 Sustainability of Soil .............................................................................................. 29 

3 Method................................................................................................................... 35 

3.1 Rationale for Choice of Methodology ................................................................... 35 

3.1.1 Guiding Principles ........................................................................................ 35 

3.2 Indicator Development Process ............................................................................ 36 

3.2.1 Goal Definition ............................................................................................. 37 

3.2.2 Selection of Indicator Themes ..................................................................... 37 

3.2.3 Selection of Indicators ................................................................................. 39 

3.2.4 Development of an Aggregation Function and Scoring Method ...................... 45 

3.2.5 Weighting ..................................................................................................... 47 

3.2.6 Implementation and Testing of the Indicator Set........................................ 47 

3.2.7 Report of the Indicators ............................................................................... 48 

4 Soil Indicators For Sustainability .............................................................................. 51 

4.1 Nature Dimension ................................................................................................. 51 

N 1 – Net greenhouse gases emissions from soils .......................................................... 52 

N 2 – Extreme weather events ....................................................................................... 54 

N 3 – Pedodiversity ......................................................................................................... 56 

N 4 – Aggregate size and stability ................................................................................... 58 

N 5 – Bulk density ........................................................................................................... 60 

N 6 – Soil depth ............................................................................................................... 62 

N 7 – Soil sealing ............................................................................................................. 64 



xii 

N 8 – Cation exchange capacity (CEC) ............................................................................. 66 

N 9 – Contamination ........................................................................................................ 68 

N 10 – pH ......................................................................................................................... 70 

N 11 – Microbial biomass ................................................................................................ 72 

N 12 – Potential net N mineralization ............................................................................. 74 

N 13 – Soil protective cover ............................................................................................. 76 

N 14 – Total soil organic matter (TSOM) ......................................................................... 78 

4.2 Economy Dimension .............................................................................................. 81 

E 1– Economic value of soil ecosystem services ............................................................. 82 

E 2– Economic loss of soil degradation ........................................................................... 84 

E 3– Land use changes ..................................................................................................... 86 

E 4– Waste generation intensity ..................................................................................... 88 

E 5– Organic waste composted ....................................................................................... 90 

E 6– Yield.......................................................................................................................... 92 

E 7– Return on equity (ROE) ............................................................................................ 94 

E 8– Debt to asset ratio ................................................................................................... 96 

E 9– Energy returns on investment (EROI) ...................................................................... 98 

E 10– Fossil energy intensity ......................................................................................... 100 

E 11– Chemical fertilizer use intensity .......................................................................... 102 

E 12– Pesticide use intensity ......................................................................................... 104 

E 13– Irrigation intensity ............................................................................................... 106 

E 14– Labour intensity ................................................................................................... 108 

E 15– Land management ............................................................................................... 110 

4.3 Society & Wellbeing Dimension ........................................................................... 113 

SW 1– Access to information and justice ...................................................................... 114 

SW 2– Government policies .......................................................................................... 116 

SW 3– Land tenure security ........................................................................................... 118 

SW 4– Expenditure on soil related research and development .................................... 120 

SW 5– Literacy ............................................................................................................... 122 

SW 6– Education on sustainability ................................................................................ 124 

SW 7– Public awareness on the value of soil ................................................................ 126 

SW 8– Public participation ............................................................................................ 128 

SW 9– Human health ..................................................................................................... 130 

SW 10– Bioavailability of essential major and trace elements ..................................... 132 

SW 11– Suicide rate of farmers ..................................................................................... 134 

SW 12– Age diversity in rural areas ............................................................................... 136 

SW 13– Population growth ............................................................................................ 138 

SW 14– Armed conflicts ................................................................................................ 140 

SW 15– Human exposure to contaminated soils .......................................................... 142 

5 Discussion ............................................................................................................ 145 

5.1 Issues Faced During the Indicator Development Process .................................... 145 

5.1.1 Development of a Suitable Indicator Framework ..................................... 145 

5.1.2 Indicator Selection Process ........................................................................ 146 

5.2 Comparing With Other Indicator Sets .................................................................. 150 

5.2.1 Minimum Data set for Soil Quality Indicators ........................................... 150 

5.2.2 ENVASSO .................................................................................................... 151 



xiii 

5.3 Strengths and Weaknesses of the Proposed SIFS Indicator Set and Future 
Work Needed ...................................................................................................... 153 

6 Conclusion ............................................................................................................ 159 

References ................................................................................................................ 161 

Appendix 1 ................................................................................................................ 171 

Appendix 2 ................................................................................................................ 181 

 



xiv 

List of Boxes 

Box 1 The BellagioSTAMP (IISD, nd) .................................................................................... 26 

Box 2 Explanation of symbols.............................................................................................. 46 

Box 3 Criteria to assess the suitability of indicators in meeting their specific purpose 
(based on OECD, 1993). .................................................................................... 48 

Box 4 General content of the SIFS Indicator factsheet, with descriptions. ........................ 49 

List of Figures 

Figure  1 The DPSIR framework of the EC Thematic Strategy for Soil (in Banwart, 
2009). ................................................................................................................ 28 

Figure  2 Thematic approach for indicator development (Davíðsdóttir et al., 2007) ......... 36 

List of Tables 

Table 1 The CSD Theme Indicator Framework (United Nations Division for 
Sustainable Development, 2007) ..................................................................... 29 

Table 2 Dimensions, themes and subthemes used for the development of Soil 
Indicators For Sustainability. ............................................................................ 38 

Table 3 Indicators chosen for the nature dimension, located within their themes and 
sub–themes. ..................................................................................................... 42 

Table 4 Indicators chosen for the economy dimension, located within their themes 
and sub–themes. .............................................................................................. 44 

Table 5 Indicators chosen for the society & wellbeing dimension, located within 
their themes and sub–themes. ........................................................................ 45 

Table 6 Comparison of proposed SIFS indicators to key soil quality indicators 
commonly found in the literature, together with a rationale for their 
selection. ........................................................................................................ 150 

Table 7 Comparison of Indicators chosen for the ENVASSO environmental 
assessment indicator set and the proposed SIFS indicators. ......................... 152 

Table 8 Additional work needed to prepare the proposed SIFS indicators for 
implementation. ............................................................................................. 156 



xv 

Abbreviations 

BellagioSTAMP Bellagio SusTainability Assessment and Measurement Principles 

CSD Commission for Sustainable Development 

DPSIR Driving force-Pressure-State-Impact-Response 

EU  European Union 

OECD Organisation for Economic Co-operation and Development  

SIFS Soil Indicators For Sustainability 

SoilTrEC Soil Transformations in European Catchments 

 





xvii 

Acknowledgements 

Many people contributed to the successful completion of this thesis. I would like to 
express my sincere thanks to my supervisors Dr. Brynhildur Davíðsdóttir and Dr. Kristín 
Vala Ragnarsdóttir, University of Iceland, whom I have the greatest respect for and 
without whom I would not have understood the importance of a sustainable future. 
Thank you for making me sweat and pushing my to do better than I ever thought that I 
could. 

I would like to thank Dr. Guðrún Gísladóttir, University of Iceland, for her contributions 
and her advices throughout this project. I would especially like to thank Taru Maria 
Lehtinen for invaluable support, encouragement and advises throughout the project. 

I would also like to Dr. David Robinson, Centre for Ecology & Hydrology at Environment 
Centre Wales, for the helpful comments he gave me for my work, and all the participants 
in the SoilTrEC meeting in Stresa, Italy, in november 2010 for their contribution in the 
indicator development process. 

And finally, I would like to thank all my family and friends for their patience and support 

 





19 

1 Introduction 

1.1 Motivation 

Soil is one of the most important parts of the natural environment (Wienhold et al., 2004). It 
underpins our whole civilisation and it is essential to the provision of a wide range of 
important ecosystem goods and service (Haygarth & Ritz, 2009; Ragnarsdóttir & Mankasingh, 
2010). Soil is a complex mixture of rock materials, organic matter, biota, air and water 
(Brantley et al., 2007) that is constantly being formed by chemical and physical 
decomposition of parent material and by the decay of organic matter (Fellmann et al., 1997). 

Soil provides a number of essential life support ecosystem services, such as food, fodder 
and fibre production, filtering, buffering and transformation of water, nutrients, carbon 
and contaminants, it is a biological habitat and gene reserve, the physical basis of human 
activities, a source of raw materials as well as being important as a geogenic and cultural 
heritage (Blum, 2005). It is essential for terrestrial life. Without functioning soils, life on 
Earth as we know it would not be possible (Carson, 1962). Under natural conditions, soil 
formation rates equal or exceed soil erosion rates, increasing soil depth and fertility with 
time (Fellmann et al., 1997:472), making soil a renewable resource. 

The world’s most fertile soils have already been utilized for agriculture and forestry (Lal, 
2008) or been sealed by construction (Ragnarsdóttir & Mankasingh, 2010). More than half 
of the Earth´s 13 billion hectares of soil have been converted by humans. Soils are being 
cultivated, pastured, logged for wood, disturbed by mining; developed for urban, 
suburban, transportation, industrial, and recreational projects, and used to process 
burgeoning streams of human and animal wastes (Richter, 2007). Despite the fact that 
under natural conditions soils should be a renewable source, the majority of world soils, 
with few exceptions, have become non–renewable within a human lifetime, as the 
estimated rates of soil formation are negligible in real terms (Friend, 1992), ultimately 
making soil a finite resource.  

Soil degradation refers to the diminuation of soil’s current or potential capacity to 
perform ecosystem functions and is caused by biophysical, social, economic and policy 
factors (Lal, 2009). Processes that lead to soil degradation are highly variable and 
complex, seeing that land degradation is a multi–faceted phenomenon with many causes 
and effects (Klintenberg & Seely, 2002). Soils are very complex adaptive systems 
(Crawford et al., 2005). Climate, geological origin, vegetation, land use and historical 
development are all important soil forming factors that make soils enormously variable 
(Dimas & Potocnik, 2005). Soil degradation is the result of pressures coming from nearly 
all economic sectors, conventional agriculture being one of the most important one. 
Erosion rates under intensive agriculture have been estimated to be 100 times and more 
higher than soil formation rates (Brantley et al., 2007). Consumer behaviour is also an 
important factor contributing to soil degradation through waste production, energy 
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consumption and emissions of exhaust gases. The current management of soils are 
generally considered to be unsustainable and even a threat to the future of humans and 
the whole terrestrial biosphere (Ragnarsdóttir & Mankasingh, 2010). 

Soil is the major interface between agriculture and the environment and represents the 
difference between survival and extinction for land–based life (Doran et al., 1996). Soil 
degradation and shrinking of productive agricultural land, caused by land overuse and soil 
mismanagement (Lal, 2009), is becoming a pressing concern in many regions of the world 
(Doran and Safely, 1997) because it is posing a threat to the environment, food security, 

economy and the quality of life (Costanza et al., 1992; Ragnarsdóttir & Mankasingh, 2010). 

According to Eswaran & Reich (2002) approximately 44 million km2 of land, that support 
89% of the global population, is considered threatened by human habitation and 
exploitation. For the 25 nations of the European Union, the total cost of soil degradation 
in the form of erosion, organic matter decline, salinization landslides and contamination 
are estimated to be up to €38 billion annually (EEA, 2010).  

The challenge facing a growing population is the increasingly intensive use of the 
ecosystem services provided by soils (Costanza et al., 1992; Blum, 2005).The world 
population is projected to rise to 9.2 billion people in 2050 (Bongaarts, 2009). The 
demand for food and fuel is predicted to increase by 50% as well as a 30% increase in the 
demand for clean water, by 2030 (Beddington, 2010). Climate change may even 
exacerbate the problem as global warming is projected to adversely impact soils and 
agronomic productivity in many regions (Lal, 2009c). It is clear that if soil degradation 
rates continue, food security and perhaps human survival will be put to test. UK 
government Chief Scientist Sir John Beddington (2009) has called it a perfect storm of 
food, water and energy shortages. 

The sixth Environmental Action Plan, adopted by the European Parliament in 2002, calls 
for the development of seven thematic strategies, including a strategy on the protection 
of soil. The overall objective of the Thematic Strategy for Soil Protection, adopted by the 
European Commission in 2006 is the protection and sustainable use of soil. The guiding 
principles of the Thematic Strategy for Soil Protection is to preserve soil functions, 
prevent further degradation as well as restoration of degraded soil to a level that enables 
at least its current or intended use, which entails considering the cost implications of 
restoration. 

As a result of recommendations in the of the Thematic Strategy for Soil Protection and 
the preparation of an EU Soil Directive, the SoilTrEC (Soil Transformations in European 
Catchments) project was launched in 2009. It is meant to address the priority research 
areas identified in the EU Soil Thematic Strategy and to provide leadership for a global 
network of Critical Zone Observatories committed to soils research. The main challenge of 
the SoilTrEC project is to understand processes that dictate how soils are formed and 
degraded, the development of abilities to provide essential eco–services as well as the 
creation of a step–change in the evidence base to support EU soil policy. A further critical 
aim is to harness this new fundamental knowledge to new decision support tools that 
assess soil impacts.  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T3Y-44KKHFN-3&_user=713833&_coverDate=02%2F28%2F2002&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1361170717&_rerunOrigin=scholar.google&_acct=C000039878&_version=1&_urlVersion=0&_userid=713833&md5=1539b3a6bd43c3ed2dc970613dd4729b#bib12
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1.2 Objective 

This thesis aims to contribute to the goals and deliverables of the SoilTrEC project, by 
developing sustainability indicators for soil. The objective of this thesis was to: 

 Identify the need for the assessment of soil sustainability. 

 Develop a first set of SoilTrEC sustainability Indicators For Soil (SIFS) that can be 

universally applicable. 

 Identify potential improvements to the framework or indicators proposed and 

future work. 

The indicators proposed in this thesis will be the basis for the SIFS that the SoilTrEC 
project will propose for the EU Soils Directive that is currently under development. 

1.3 General methodology 

This thesis research was carried out as part of the EU sponsored SoilTrEC project, in 
consultation with the SoilTrEC consortium. The project also benefited from the input of 
partners and stakeholders in the SoilCritZone Specific Support Action programme that 
ended in 2009 (Ragnarsdottir and Mankasingh, 2010). 

To perform this study the general research methodology involved a literature review 
pertaining to soil functions and threats, soil sustainability, sustainable soil management, 
impacts of human activities on the sustainability of soil, sustainability assessment and the 
development of sustainability indicators. A collaborative discussion–based technique, 
called World Café, was used to engage the participants of the SoilTrEC stakeholders 
meeting in Stresa, Italy, on November 17th 2010, to get actively involved in discussing the 
framework and selecting appropriate sustainability indicators. Throughout the 
developmental progress of the SIFS indicator set, the principles of the BellagioSTAMP (See 
section 2.3.1.1) were used as overarching guidelines. A thematic approach (See section 
3.1.1.1.1) to indicator development was chosen. The ISIS Compass of Sustainability (See 
section 2.3.2.1) and the United Nations Commission on Sustainable Development 
indicator set (See section 2.3.2.2) laid the foundation of a theme–based framework 
developed for the SIFS indicator set. As a supplement, the DPSIR framework was used to 
clarify the causal relationships between indicators and other issues important for policy 
and decision makers. 

1.4 Geographic scope 

The scope of this thesis is to compile a set of sustainability indicators that can be applied 
to soils on multiple scales, ranging from plot scale to EU scale. The indicator set is not 
limited to European conditions; it should be applicable to soils everywhere on Earth. 
However, due to limiting time, main focus is put on Europe, and data collection for the 
proposed indicators was limited to European data. 
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1.5 Readers guide and structure of thesis 

This thesis consists of 6 main chapters.  

The second chapter is an empirical chapter that sets the scene by explaining what 
sustainability assessment is all about, why it is important, what it hopes to achieve, an 
overview of the methodological options that were converged in the development of the 
SIFS indicator set and what soil sustainability is. The indicator development process is 
explained in a step–by–step manner, in chapter 4, finishing with the reporting of the 
proposed indicators together with the overall framework, in chapter 4. Chapter 5 
discusses the indicator development process and the proposed indicators. The proposed 
indicators are compared with comparable indicator sets and their strength and 
weaknesses highlighted. The last chapter is a concluding chapter. The conclusion is 
followed by a reference list and appendix´s. In the appendix´s, found at the back of the 
thesis, a list of 360 possible indicators identified in the beginning of the indicator 
development process can be found, together with the results of the selection criteria for 
each indicator. 
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2 Background 

This chapter outlines the importance of sustainability and sustainability assessment using 
sustainability indicators. It presents an overview over state of the art of sustainability 
indicator development. Soil sustainability is defined in the final section of the chapter, as 
it provides the basis for the development of soil indicators for sustainability. 

2.1 The Sustainability Concept 

Sustainable development has been at the top of the international agenda ever since the 
publication of the Brundtland Commission´s report, Our Common Future, in 1987. The notion of 
sustainable development arose from the Club of Rome´s ´limits to growth´ debate of the 1960s 
and 1970s about the limited capacity of Earth to sustain a rising economic growth and 
population (Meadows et al., 1972). The Brundtland report defined sustainable development as 
development that "meets the needs of the present without compromising the ability of future 
generations to meet their own needs". It centers around the notion of equity, both current and 
intergenerational, and the importance of keeping the world population and its ecological 
impact within the Earth´s ecological capacity (UNDESA, 2001).  

Sustainable development is often seen to rest on three pillars: environmental, economic 
and social pillars, that are interdependent and mutually reinforcing elements of long–
term development (UNDESA, 2001). Culture is also increasingly being seen as the fourth 
pillar of sustainability since culture ultimately shapes what people mean by development 
as well as determinating how people act in the world (UCLG, 2010). The goal of 
sustainability can be said to be to meet the needs, now and in the future, for economic 
and social development within the restraints of the life support systems of the planet. 

2.2 Sustainability Assessment and Indicators 

For the transition to sustainability, goals must be set and the current state as well as 
trends must be identified. Sustainability assessment provides an integrated 
understanding of social, economic and ecological conditions that are critical for strategic 
and coordinated action for sustainable development. Sustainability assessment is a tool 
to help decision– and policy–makers to decide which actions should or should not be 
taken in an attempt to make society more sustainable (Devuyst et al., 2001). It allows the 
measurement of progress, identification of areas needed to be addressed and evaluation 
of the outcomes of implemented policies (Carraro et al., 2009). Sustainability assessment 
is an iterative, continuing, collaborative process (IISD, 1997) that is increasingly being 
viewed as an important tool to aid in the shift towards sustainability (Pope et al., 2004). 

Indicators are important tools of sustainability assessment. An indicator demonstrates in 
what direction something or someone is heading (Ness et al., 2006). It can be seen as 
information that measures and quantifies the characteristics of a system or highlight what 
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is happening in a system. Indicators or indices are meant to serve to make the complex 
reality more transparent, thus enabling decision–makers to better deal with it 
(Jesinghaus, 1999). Coenen et al. (2001, in: Günther, nd) defines indicators as correlates 
or proxies depending on interesting dimensions or components of a complex system 
under consideration which cannot be measured directly. By visualizing phenomena and 
highlighting trends, indicators simplify, quantify, analyse and communicate otherwise 
complex and complicated information (Warhurst, 2002). 

The need for the development of sustainability indicators is clearly set out in Agenda 21 
and was taken up by the United Nations Commission for Sustainable Development (CSD) 
(Pinfield, 1996). There has been a strong call in the literature for the use of sustainability 
indicators as a means to measure sustainability (Bell & Morse, 2008).  

Sustainability indicators differ from traditional indicators. Sustainability indicators can be 
distinguished from simple environmental, economic, and social indicators by the fact that 
they are not only integrating, but also forward looking, distributional measures of the 
distance between current states and the reference situation and with input from multiple 
stakeholders (Opschoor & Reijnders, 1991; Maclaren, 1996). Sustainability indicators do 
not simply reflect environmental conditions or pressures on the environment, but also 
indicate to what degree the Earth can deal with certain pressures and environmental 
impacts in a long–term perspective without affecting its basic structures and processes. 
Sustainability indicators should reflect the reproducibility and the way the environment is 
used by a given society (Opschoor & Reijnders, 1991), as well as the system’s capacity to 
meet the needs of both the present and future generations (SDI Group, 1996). 
Sustainable development indicators offer a long–term perspective and guide decision–
makers at all levels of society (Bossel, 1999) as they reflect something basic and 
fundamental to the long term economic, social or environmental health of a system, 
measuring both intergenerational aspects as well as intragenerational issues.  

A single indicator cannot give a full picture of a complex system. That is why sustainability 
assessment uses a wide array of indicators to characterize the different aspects of a 
system that is being evaluated (Nourry, 2008). The two main approaches in the 
developing sustainability indicators are the development of a single, composite index, 
such as the Human Development Index (HDI) of the United Nations, and the development 
of an indicator set (Zhou & Ang. 2008). A set of indicators is useful when there is a need 
to separately analyse changes across several dimensions of sustainable development. 
Sustainability indicator sets are widely used by international and national institutes, 
including the CSD, the Organisation for Economic Co-operation and Development (OECD) 
and Eurostat just to name a few (Burgherr, 2005). 

2.3 Indicator Development: Frameworks and 

Methodologies 

Sustainability assessment is a relatively new concept that is still evolving. There exist 
many different approaches to indicator development; the two most widely used ones being the 
thematic approach and the causal approach (UNDESA, 2008). Regardless of the approach 
chosen, common guidelines are seen as important to guide the indicator development process. 



25 

2.3.1 Guiding Principles  

2.3.1.1 2.3.1.1 BellagioSTAMP 

The International Institute of Sustainable Development´s Bellagio Principles for Assessment is 
a set of guidelines for undertaking and improving assessments of progress toward sustainable 
development (Sharma, nd). They were prepared by an international group of leading experts 
and practitioners meeting in Bellagio, Italy in 1996 as an answer to the call of the World 
Commission on Environment and Development for new ways to measure and assess progress 
toward sustainable development. The Bellagio Principles have since been applied by local and 
international organizations around the world (IISD, nd).  

A revised set of principles was prepared in 2009 at a second meeting in Bellagio and 
renamed as SusTainability Assessment and Measurement Principles (STAMP). The 
BellagioSTAMP is built on the original Bellagio Principles but takes into account new 
assessment methods and sustainability challenges (IISD, nd). The BellagioSTAMP identifies 
a number of criteria for assessing progress towards sustainable development (See Box 1). 

Principle 1–3 address issues such as the need for a clear sustainable goal; holism and 
system thinking when assessing; and the importance of choosing appropriate time and 
scope scales. Principles 4–8 deal more specifically with the development and use of 
sustainability indicators. Principle 4, accentuate the use of recent and reliable data as well 
as standardized measurement methods and benchmarking. Principle 5–7 addresses the 
importance of transparency, effective communication and broad participation, while 
principle 8 puts emphasis on continuity and capacity. 

The aim of the guidelines is to help guide and improve the overall design of indicator 
systems, analysis and use, and to ensure that measurement system design takes the 
perspective of sustainability into account from the global to local level (Pinter, 2009). The 
principles are interrelated and are intended to be used as a complete set of guidelines 
(Scrivens, 2009). They do, however, not offer a detailed methodological approach on how 
to develop an indicator set.  

2.3.2 Framework and Approaches 

Sustainable development framework refers to the structure used to select and organize 
criteria, indicators and reference points, based on a particular set of dimensions. There 
are many different methods for developing sustainability indicators found in the 
literature. Two known and widely used sustainability indicator frameworks are the DPSIR 
framework (EEA, 2007) and the theme–based CSD framework (United Nations Division for 
Sustainable Development, 2007). The ISIS Compass of Sustainability (AtKisson, 2008) is an 
example of a less used, issue–based indicator and indexing framework. 

2.3.2.1 2.3.2.1 ISIS Compass of Sustainability 

THE ISIS Compass is a tool for managing indicators and assessment. It is based on the 
metaphor of a compass (See figure 1) with four quadrants, or dimensions, that all provide 
an orientation towards sustainability, namely Nature; Economy; Society and Wellbeing 
(AtKisson, 2008).  
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Box 1 The BellagioSTAMP (IISD, nd) 

1. Guiding Vision 
Assessing progress towards sustainable development is guided by the goal to deliver well–
being within the capacity of the biosphere to sustain it for future generations. 

2. Essential Considerations 
Sustainability Assessments consider: 

 The underlying social, economic and environmental system as a whole and the 
interactions among its components. 

 The adequacy of governance mechanisms. 

 Dynamics of current trends and drivers of change and their interactions. 

 Risks, uncertainties, and activities that can have an impact across boundaries. 

 Implications for decision making, including trade–offs and synergies. 

3. Adequate Scope 
Sustainability Assessments adopt: 

 Appropriate time horizon to capture both short and long–term effects of current policy 
decisions and human activities. 

 Appropriate geographical scope ranging from local to global. 

4. Framework and Indicators 
Sustainability Assessments are based on: 

 A conceptual framework that identifies the domains that core indicators have to cover. 

 The most recent and reliable data, projections and models to infer trends and build 
scenarios. 

 Standardized measurement methods, wherever possible, in the interest of comparability. 

 Comparison of indicator values with targets and benchmarks, where possible. 

5. Transparency 
The assessment of progress towards sustainable development: 

 Ensures the data, indicators and results of the assessment are accessible to the public. 

 Explains the choices, assumptions and uncertainties determining the results of the 
assessment. 

 Discloses data sources and methods. 

 Discloses all sources of funding and potential conflicts of interest. 

6. Effective Communication 
In the interest of effective communication, to attract the broadest possible audience and to 
minimize the risk of misuse, Sustainability Assessments: 

 Use clear and plain language. 

 Present information in a fair and objective way, that helps to build trust. 

 Use innovative visual tools and graphics to aid interpretation and tell a story. 

 Make data available in as much detail as reliable and practical. 

7. Broad Participation 
To strengthen their legitimacy and relevance, sustainability assessments should: 

 Find appropriate ways to reflect the views of the public, while providing active leadership. 

 Engage early on with users of the assessment so that it best fits their needs. 

8. Continuity and Capacity 
Assessments of progress towards sustainable development require: 

 Repeated measurement. 

 Responsiveness to change. 

 Investment to develop and maintain adequate capacity. 

 Continuous learning and improvement. 
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Nature refers to the underlying health and sustainable management of key ecosystems, bio–
geo–physical cycles and natural resources. Nature indicators usually get measured in terms of 
quality assessments, emission amounts, biodiversity counts, resource consumption etc. The 
Nature quadrant combines measures of nature’s general health with measures that are directly 
related to the way humans use nature (AtKisson, 2008 pp 145–146).  

Economy refers to all the ways human beings work with nature, with knowledge and with 
each other to produce the things and services they need and want. That can be indicators 
of work, productivity, efficiency or effectiveness as well as in general how people are 
doing economically and what are the challenges they face in terms of making a living 
(AtKisson, 2008 pp 146). 

Society is the category for the social systems, structures and institutions that are driven 
by people acting collectively. The emphasis here is on the collective, not the individual. Issues 
concerning social progress, social capital, governance, state of schools, how society deals with 
problems and social capital in general are the main issue here (AtKisson, 2008 pp 146). 

Wellbeing focuses on the individual and the issues that individuals are concerned about 
in their daily lives. Examples such as mortality rate, individual health and happiness, are 
often used in this category (AtKisson, 2008 pp 146–147). 

Each quadrant interacts with the other quadrants in a systemic manner and provides the 
impetus for indicator concepts. Indicators are scaled on a 0–100 performance scale where 
scales are set by normative judgments and each indicator has equal weight (Singh et al., 
2008). The choice of which compass point category an indicator falls in depends on the 
values and driving purposes of the project. 

The framework is based on Herman Daly´s triangle of means and ends of human endeavour 
where nature has ultimate means, economy intermediate means, society intermediate ends 
and wellbeing ultimate ends (AtKisson, 2008). As a composite indicator the compass is an 
innovative approach to evaluating sustainable development (Singh et al., 2008).  

2.3.2.2 2.3.2.2 DPSIR Framework 

The DPSIR framework is a model for environmental indicators adopted by the European 
Environment Agency for the assessment and management of environmental problems. 
DPSIR stands for Driving Forces–Pressures–State–Impacts–Responses and is based on the 
concept of causality between interacting components of social, economic, and 
environmental systems (See figure 1) (EEA, 2007).  

Social and economic developments exert pressure on the environment and, as a 
consequence, the state of the environment changes. This leads to impacts on e.g. human 
health, ecosystems and materials that may elicit a societal response that feeds back on 
the driving forces, on the pressures or on the state or impacts directly, through 
adaptation or curative action (EEA, 2007).  

Driving forces represent major social, demographic and economic developments. 
Demographic development can be regarded as a primary driving force, affecting land use 
changes, urban expansion, industry and agriculture developments (Mysiak et al., 2005). 
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Figure  1 The DPSIR framework of the EC Thematic Strategy for Soil (in Banwart, 2009). 

The Pressures are the effects of the driving forces and represent processes affecting 
natural resources by producing for instance wastes, emission or physical and biological 
agents that may cause changes to the State of natural resources (Mysiak et al., 2005).  

The State may be described by adequate structural physical, chemical, and biological 
indicators (Mysiak et al., 2005).  

Positive or negative consequences for society may occur, depending on the changes of 
state. These consequences are identified and evaluated to describe Impacts by means of 
evaluation indices (Mysiak et al., 2005).  

The perception of the existence of relevant impacts induces decision makers to develop 
Responses that prevent, compensate, or mitigate the negative outcomes of state 
changes. Responses may be targeted to address the driving forces, the pressures or the 
state itself. The driving forces may be reorganized, pressure mechanisms may be altered, 
e.g. by introducing new production systems, or the state of the environment may be 
restored or adapted to reduce its sensitivity to pressures (Mysiak et al., 2005). 

The European Commission’s Thematic Strategy for Soil has produced a DPSIR framework for 
soil that can be seen in figure 1. Socioeconomic Drivers, create Pressures on the use of soils 
that alter the State of soils. This governs the relative rates of key processes that Impact soil 
ecosystem functions. Responses to impacts on soil functions include assessment of 
alternative strategies that become Drivers when implemented (in Banwart, 2009). 

Agriculture is a form of land use, a driving force. The type of agriculture and the methods 
and inputs used create pressures on the soils physical, chemical and biological soil 
properties. These properties, or states, are determining factors for soil functions and they 
can be affected in both negative and positive ways. The societal responses depend on the 
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perception of the impacts; if for example agricultural methods and inputs are leading to 
erosion or desertification, responses in the form of intervention strategies and 
operational procedures are needed. 

2.3.2.3 2.3.2.3 The CSD Framework 

The CSD Framework is a theme–based indicator framework developed by the United 
Nations Commission on Sustainable Development (CSD) in 1996 and then revised in 2001 
and 2007. The CSD Indicator Framework is meant to serve as a reference for countries to 
develop or revise national indicators of sustainable development and have been 
intensively used by many countries around the world (United Nations Division for 
Sustainable Development, 2007). 

Indicators are grouped into 4 overarching dimensions, social, environmental, economic, 
and institutional, to focus attention on sustainable development. Each of these four 
dimensions is then broken down into themes and sub–themes (See Table 1) (United 
Nations Division for Sustainable Development, 2007).  

2.4 Sustainability of Soil 

One of the first steps of sustainability indicator development is to get a good 
understanding of the system being assessed as well as it subsystems (Bossel, 1999). To be 
able to find appropriate sustainability indicators for soil a conceptual understanding of 
soil, its functions and processes that lead to unsustainable use of soil and unsustainable 
trends is vital. A short introduction to soils, will never do full justice to the complexity and 
diversity of soil, but it is important to at least have a crude picture of what soil is, how it is 
formed, its functions and threats to soil. 

All life on Earth is supported by the Earth´s critical zone 1 (Brantley et al., 2007) in which the soil 
is the central juncture Lin et al., 2010) that has been evolving as a dynamic, self–sustaining 
system for nearly 4 billion years (Amundson et al., 2007). In the Soil Thematic Strategy soil is 
defined as “the top layer of the Earth’s crust, formed by mineral particles, organic matter, 
water, air and living organisms” (European Commission, 2006). Put forward in a very 
condensed manner, soil derives from the transformation of rocks, by physical and chemical 
changes occurring at the Earth´s surface. Over time these rock minerals are combined with 
organic matter and transformed into new materials that are moved through the soil by 
percolating water. The nature of these inputs, transformations, movements and losses, which 
are highly dependent upon differences in climate, geological origin, vegetation, land use and 
historical development (Dimas & Potocnik, 2005) influence the properties of the soil being 
formed (Asham & Puri, 2002). Soils are extremely complex and spatially variable with an 
enormous variation in physical, chemical and biological properties (Swartjes et al., 2008). The 
general or specific capabilities of soil for various applications are known as soil functions that 
are based on various soil characteristics (Tóth et al., 2007). 

                                                      
1
 TheEarth's Critical Zone is the “heterogeneous, near surface environment in which complex interactions 
involving rock, soil, water, air, and living organisms regulate the natural habitat and determine the 
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Table 1 The CSD Theme Indicator Framework (United Nations Division for Sustainable 
Development, 2007) 

Theme Sub–theme 

Poverty Income poverty 

Income inequality 

Sanitation 

Drinking water 

Access to energy 

Living conditions 

Governance Corruption 

Crime 

Health Mortality 

Health care delivery 

Nutritional status 

Health status and risks 

Education Education level 

Literacy 

Demographics Population 

Tourism 

Natural Hazards Vulnerability to natural hazards 

Disaster preparedness and response 

Atmosphere Climate change 

Ozone layer depletion 

Air quality 

Land Land use and status 

Desertification 

Agriculture 

Forests 

Oceans, seas and coasts Coastal zone 

Fisheries 

Marine environment 

Freshwater Water quantity 

Water quality 

Biodiversity Ecosystems 

Species 

Economic development Macroeconomic development 

Sustainable public finance 

Employment 

Information and communication technologies 

Research and development 

Tourism 

Global economic partnership Trade 

External financing 

Consumption and production patterns Material consumption 

Energy use 

Waste generation and management 

Transportation 
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EU´s Soil Thematic Strategy recognised seven main functions: (1) Biomass production; (2) 
Storing filtering and transforming nutrients, substances and water; (3) Biodiversity pool; 
(4) Acting as carbon pool; (5) Physical and cultural environment for humans; (6) Source of 
raw material, and (7) Archive of geological and archaeological heritage. 

Soils support plant growth, or Biomass production, that ensures the availability of food, 
fodder, renewable energy and raw materials that are the basis of both human and animal 
life (Blum, 2005). This function is especially important for agriculture and forestry 
(Frossard et al., 2006). Plant biomass production also contributes to the water cycle and 
local climate regulation, through evapo–transpiration (Turbé et al., 2010). 

Being the interface between solid rock, air and water, soil has the capacity to filter, buffer 
and transform materials between atmosphere, plant cover and water table. Soils strongly 
influence the water cycle at the Earth´s surface, gas exchanges between terrestrial and 
atmospheric systems as well as protecting the environment against ground water and 
food chain contamination (Blum, 2005). Due to this important function, soils play an 
important role in the global carbon cycle. Soils are major carbon sink on a global scale, 
storing more than twice as much carbon as in vegetation or the atmosphere (Bellamy et 
al.,2005). The filtering, buffering and transformation capacity of the soil underlies the 
provisioning of other important ecological soil functions (Turbé et al., 2010) such as the 
soils function as a medium for biomass production. 

Soil functions as a biological habitat and gene reserve for a large variety of organisms. It is the 
main basis of biodiversity on Earth, as soils contain more species, both in terms of number 
and quantity, than all other above ground biota together (Blum, 2005). A handful of soil may 
contain more than 10 billion bacteria of thousands of different species (Torsvik & Øvreås, 
2002). Soil organisms don´t just live in the soil, they are important part of the soil (Brussaard 
et al., 1997). Soil biodiversity is the driving force behind other important soil functions, such 
as the soils ability to filter, buffer and transform materials, including the soil ability to 
sequester carbon. Soil organisms modify soil structure and support the quality and 
abundance of plant primary production. Also, the genetic resources of soil microorganisms 
can be harnessed for developing novel pharmaceuticals (Turbé et al., 2010). 

If these three ecological functions of soil, mentioned above, are impaired, all life on Earth is 
threatened, as all life is either directly or indirectly reliant on plants and their products (Turbé 
et al., 2010).  

The human society is built upon a terrestrial foundation and soils function as the physical and 
cultural basis for humans and human activities. Raw materials, geogenic energy and water 
derived from soils are the basis for technical and socio–economic development (Blum, 2005). 

Soils form an essential part of human and natural landscapes as well as concealing and 
protecting paleontological and archaeological remnants of high value for the 
understanding of both human and geological history. In that way soil function as archives 
of geogenic and cultural heritage (Blum in: Tóth et al., 2008).  

As cited at the beginning of the chapter, sustainable development is development that 
“meets the needs of the present without compromising the ability of future generations 
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to meet their own needs for land.” Adapted from the Brundtland´s Commissions definition, 
Smith and Powlson (2003) defined soil sustainability as “soil management that meets the needs 
of the present without compromising the ability of future generations to meet their own needs 
from that soil.” For soil to be sustainable it must be transferred to the next generation in a 
better state than when received from the previous generation (Lal, 2008). 

Soil sustainability centers around soil quality, defined by Tóth et al. (2007) as the soil´s 
ability to provide ecosystem and society services through its capacities to perform its 
functions and respond to external influences. Sustainable use of soil is defined by Blum 
(2005) as the temporal and/or spatial harmonisation in the uses of all soil functions, 
excluding or minimising irreversible ones, where the final goal is to provide multiple 
functions for the well–being of humans and for the environment. 

Human activities are the major cause of soil degradation (Turbé et al., 2010). Soil 
degradation risk strongly depends on soil and terrain properties that can make the soil 
inherently receptive of degradation (Tóth, 2007 In: Tóth et al., 2008). Some of the main 
driving forces of soil threats are different land uses, natural events, climate change and 
water stress (Blum et al., 2004). Competition between the uses of different soil functions 
and the overuse of singular soil function without sufficient control can also be the cause 
soil degradation (Blum in: Tóth et al., 2007). Blum (nd. In: Tóth et al., 2008) distinguishes 
three different categories of interactions and competitions in the use of soil functions and 
their misuse: 

 There is competition between the use of soil for infrastructure development, as a 

source of raw materials and as a geogenic and cultural heritage on the one hand 

and the use of soil for biomass production, filtering, buffering and transformation 

activities and as a gene reserve on the other hand. 

 There are intensive interactions between the infrastructural soil and land uses on 

one side and agriculture and forestry on the other side. 

 And thirdly, there is competition between using the soil for biomass production, 

to filter, buffer and transform materials and using it as a biodiversity pool. 

These interactions and competitions that affect soil functions are important to keep in 
mind when discussing the sustainability of soil and soil use. The sustainable use of soil 
functions depends on soil characteristics, climate and land use. These factors interact 
where the change in one factor causes alteration in the others, making sustainable use of 
soil functions a very dynamic process (Blum, 2007 in: Tóth et al., 2007). It is important to 
keep in mind that land, and consequently soil, is a limited resource because the Earth only 
has a finite quantity of land. Soils that support multiple soil functions are even scarcer 
because important soil forming factors do not always come together to form soil that is 
suitable for all the important functions provided by soil ecosystems and certain land uses 
may limit the soils functional ability.  

Soil's structure plays a major role in determining its ability to perform its functions. Any 
damage to soil structure or aggregate stability, also damages other environmental media 
and ecosystems. Soils are subject to a series of degradation processes or threats (Swartjes 
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et al., 2008). The Soil Thematic Strategy identifies eight main threats, or degradation 
processes: (1) Erosion; (2) Loss of organic matter; (3) Contamination; (4) Salinisation; (5) 
Compaction; (6) Loss of biodiversity; (7) Sealing, and; (8) Floods and landslides. 

Soil erosion a widespread problem and a serious threat to soil sustainability. Human activity 
has significantly increased natural soil erosion rates with inappropriate agricultural practices, 
deforestation, overgrazing, forest fires and construction activities (JRC, 2010). Soil erosion can 
enhance the risk of flooding (Maréchal et al., nd. In: Tóth et al., 2008).  

One of the main threats to soil identified in the Soil Thematic Strategy is the Loss of soil 
organic matter (Blum, 2008). Soil organic carbon is the major component of soil organic 
matter and it is extremely important in all soil processes (JRC, 2010d). Soil biodiversity is 
directly affected by reduction of soil organic matter content. (Turbé et al., 2010). The soil 
organic carbon content is affected by natural factors such as climate, soil parent material, 
land cover and/or vegetation and topography, and human–induced factors such as land 
use, land management and other soil degradation processes (JRC, 2010 d).  

Soil contamination is a growing problem that can seriously damage ecosystem services. 
Soil contamination is defined as the occurrence of pollutants in soil that cause 
deterioration or loss of one or more soil functions (JRC, 2010a). Soil contamination may 
have adverse effects on soil biodiversity, soils capability to filter, buffer and store 
materials and biomass production. Human exposure to contaminated soil due to direct 
contact, inhalation and ingestion, pollution of drinking water and uptake of pollutants in 
plants, can be a major threat to human health. (Maliszewska–Kordybach & Smreczak, 
2002). The main causes of soil contamination are typically rupture of underground 
storage tanks, application of pesticides, percolation of contaminated surface water to 
subsurface strata, leaching of wastes from landfills or direct discharge of industrial wastes 
to the soil etc. (JRC, 2010a). 

Salinization refers to accumulation of soluble salts in soil to the extent that soil biomass 
production ability is severely reduced and it is one of the most widespread soil threats on 
Earth. Salinization is one the main physiological threats to ecosystems and a major cause of 
desertification, as it prevents limits or disturbs normal metabolism, water quality and 
nutrient uptake of plants and soil biota. It is often associated with irrigation in arid/semiarid 
areas or where the textural characteristics of the soil impede the washing out of the salts, 
subsequently causing salts to build–up in the soil surface layers (JRC, 2010b). 

Compaction is a worldwide problem that threatens the sustainability of soil functions and 
is directly related to the biomass production ability of the soil (Lebert et al., 2007). It is a 
form of physical degradation resulting in densification and distortion of the soil that 
reduces biological activity, porosity and permeability, strength is increased and soil 
structure partly destroyed. Compaction can increase erosion risk by reducing soil water 
infiltration capacity that accelerates run–off (JRCc, 2010), landslide risk (Maréchal et al., 
nd. In: Tóth et al., 2008) and affect soil organisms, by reducing the habitats available for 
them, as well as their access to water and oxygen (Turbé et al., 2010). 
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Being the biological engine of soil, any loss of biodiversity can have detrimental effects on soil 
functions. Biodiversity of the soil is threatened by erosion, organic matter depletion, 
salinisation, sealing and compaction; and several major threats, including land–use change, 
climate change, chemical pollution, GMOs, and invasive species (Turbé et al., 2010). 

Soil sealing caused by urban expansion and infrastructure construction, severely impairs 
and even prevents other soil ecological functions (JRC, 2010). Sealing slowly kills soil 
ecological communities, by cutting off water and soil organic matter inputs to 
belowground communities, putting pressure on the remaining open soils for performing 
other important soil functions (Turbé et al., 2010). Current studies suggest that soil 
sealing is nearly irreversible (JRC, 2010) and it reduces the availability of soil resources to 
future generations, whose discretion for action and options for development are thereby 
narrowed (Huber et al., 2008). 

Soil degradation by floods and landslides is rather rare, compared to risks induced by 
human activities. These hazards are natural phenomena but are being intensified due to 
human actions, land use change and climate change that all lead to an accumulation of 
natural disasters (Blum, nd In: Tóth et al., 2008). Degradation of ecological soil increases 
the risk of floods and landslides (Turbé et al., 2010). 

The overall objective of the Soil Thematic Strategy, and the SoilTrEC project, is to identify 
indicators and strategies for the protection and sustainable use of soil and its functions to 
ensure soil sustainability. Soil degradation is defined by Blum (In: Tóth et al., 2008) as the loss 
of soil or soil quality for specific functions. Loss of soil and its declining fertility threatens 
sustainable development (Brantley et al., 2007). Degradation threatens the functional ability2 
of soils and the Soil Thematic Strategy clearly states that for the sustainable development of 
soil, soil functions must be protected from soil degradation processes.  

                                                      
2
 Soil Functional Ability refers to the number and composition of functions a given soil is able to provide and 
the level on which functions are provided (Tóth et al., 2007). 
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3 Method 

There is no universally approved method for the development of sustainability indicators. 
That is why it is important to provide a good overview over the method used in the 
development of sustainability indicators. To give a clear picture of how the proposed SIFS 
indicators came to be, the following chapter introduces and explains the methodological 
framework developed and used for proposed set of Soil Indicators For Sustainability 
(SIFS). A step–by–step approach was taken to give a comprehensible description of the 
development of the proposed SIFS indicator set. 

3.1 Rationale for Choice of Methodology 

3.1.1 Guiding Principles 

The BellagioSTAMP, developed by the International Institute of Sustainable Development 
(IISD) and the OECD´s Measuring the Progress of Societies initiative are an excellent 
starting–point for the assessment of sustainability practice. The BellagioSTAMP, and its 
predecessor the Bellagio Principles, are a set of sustainability assessment and 
measurement principles that have been widely used in sustainability assessments around 
the world. It provides common guidelines for the assessment process, including the 
choice and design of indicators, their interpretation and the communication of the 
results, thus providing a link between theory and practice (Hardi & Zdan, 1997). 

3.1.1.1 Indicator Development Approaches Used 

The BellagioSTAMP does not specify any methodological indicator development 
approach. For the development of the Soil Indicators for Sustainability a set a thematic 
approach to indicator development was used. 

3.1.1.1.1 Overview of Theme–Based Approach 

A theme based approach to indicator development categorizes indicators into various 
themes and subthemes in relation to sustainable development, determined on the basis 
of policy relevance.  

Theme based frameworks are the most widely used indicator frameworks, and have been 
used by the Baltic 21 Action Programme, the Sustainable Development Indicators of the 
European Union (UNDESA, 2008), the United Nations Indicators of Sustainable Development 
and the United Nation´s Millenium Development Goal Indicators just to name a few.  

The attractiveness of the thematic approach is especially due to its simplicity, flexibility and its 
ability to link indicators to policy processes and targets in a clear and direct manner, 
facilitating a clear and direct message to both policy makers and the public (UNDESA, 2008). 
The theme based approach follows a ten–step process, outlined in figure 2. 
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Figure  2 Thematic approach for indicator development (Davíðsdóttir et al., 2007) 

3.2 Indicator Development Process 

Figure 2 describes the development process of the SIFS indicator set. The ten steps of the 
thematic approach can be divided into seven main processes: Step 1 is the goal definition that 
sets the foundation for the sustainability assessment. In Step 2 and 3, dimensions and themes 
as selected. Step 4 describes the indicator selection process. Selection of aggregate function, 
scoring mechanism and indicator weights are dealt with in Step 5 and 6. In Step 7 and 8 
indicators are calculated based on data collection. In Step 9 indicators are assessed to see if 
they meet their specific purpose. In the final step, Step 10, the indicators are reported. 

In this thesis, all the steps were followed, except step 8, as the indicators were not 
implemented. The remaining step to be carried out later in the SoilTrEC project order to 
complete indicator development as this thesis is only the first step in the indicator 
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development process of the SIFS indicator set. Identifying that the indicator development 
process is a cyclical process, some of the steps will have to be repeated when the 
indicator set is implemented and future iterations of the indicator set. 

In the following sections a detailed account of the steps taken in this thesis is given. 

3.2.1 Goal Definition  

3.2.1.1 Step 1: Define Sustainability Goals 

The first step of the thematic approach is goal definition. According to the BellagioSTAMP, goal 
definition is an essential part of providing a clear vision of sustainable development. The first 
principle of the BellagioSTAMP states that a sustainable development assessment is guided by 
the goal to deliver wellbeing within the capacity of the biosphere to sustain it for future 
generations. The goal selection was based on issues identified in section 2.4. 

The goal of soil sustainability, and the creation of Soil Indicators For Sustainability, is 
based on the Blum´s (2005) definition of sustainable soil use, as the temporal and/or 
spatial harmonisation of the uses of all soil functions, excluding or minimising irreversible 
ones, where the final goal is to maintain and provide multiple soil functions for the 
wellbeing of humans and the environment, in the present as well as in the future. 

Basing the goal of the assessment on Blum´s definition of sustainable soil use was 
suggested by experts in the SoilTrEC consortium during the SoilTrEC stakeholder meeting 
in Stresa, Italy in September 2010. 

3.2.2  Selection of Indicator Themes  

In selecting indicator themes a conceptual framework is needed in order to clarify what is 
to be measured, what to expect from the measurement and what kind of indicators to 
use (Carraro et al., 2009). Dimensions and themes make up the framework in which the 
indicators are selected and developed. 

3.2.2.1 Step 2: Specify Dimensions 

In the second step, the different dimensions for the indicator set were specified. Dividing 
the framework into different dimensions, helps to focus and clarify what is being 
measured, what to expect from the measurement and what kind of indicators to use 
(UNDESA, 2008). The dimensions chosen were nature, economy, society and wellbeing as 
suggested by the ISIS Compass of Sustainability and introduced in section 2.3.2.1  

The ISIS Compass of Sustainability was chosen because it is adaptable to other indicator 
frameworks and it sets the basis for how sustainable development is defined and 
understood. The elements of the compass, or dimensions, are all dependent on each 
other for their existence, and each dimension is dependent on the one preceding it in a 
logical hierarchy (AtKisson et al., 2004). The Compass is based on a hierarchy from 
ultimate means to ultimate ends. In the context of soil, the soil is the ultimate mean by 
which soil functions are being used by e.g. agriculture, forestry, society etc. to produce 
things and services that humans, society and individuals, need and want, which are the 
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ultimate ends for their wellbeing. The environment, including soil, can also be an ultimate 
end in itself, as can be seen in the sustainability goal defined in step 1, that states that soil 
functions need to be protected, not only for the wellbeing of humans but also for the 
wellbeing of the natural environment. 

The Compass has mainly been used on a small scale by companies, schools and municipalities 
etc, but to be applicable for a larger scale sustainability assessment of a complex system, a 
more enunciated approach is needed, which is why the thematic approach together with the 
DPSIR framework were adapted here to the ISIS Compass framework. 

Later on in the developmental process, as a part of step 9, the dimensions were reviewed. 
The society and wellbeing dimensions were merged into one dimension, simply called 
Society & wellbeing, as it often proved to be difficult to distinguish between the two 
dimensions when dealing with soil related indicators.  

3.2.2.2 Step 3: Selection of Themes and Subthemes for 
Each Dimension 

As part of the third step of the thematic approach, indicator themes and subthemes were 
chosen (See Table 2) for each dimension specified in step 2, to reflect the goals set in step 
1. This step is in accordance with the fourth principle of the BellagioSTAMP that calls for 
the identification of domains for core indicators, within a conceptual framework.  

The themes used in the United Nations Indicators of Sustainable Development set (See 
Table 1, page 29) were used as a starting point for the theme selection process. Themes 
that could be related to soil sustainability were used, and those that could not, were 
eliminated. The themes were continuously changing and evolving during the 
development of the indicator set. It should be noted that the final indicator framework 
developed here is be no means considered to cover all possible soil sustainability issues. 
The choice of the indicator themes should reflect important isseus conserning soil 
sustainability as defined in step 1. 

 

Table 2 Dimensions, themes and subthemes used for the development of Soil Indicators 
For Sustainability. 

Nature Economy Society & Wellbeing 

Atmosphere Economic value of soil ecosystem services Institutional framework and capacity 

Biodiversity Consumption and production patterns Governance level 

Soil Properties Land use Science, technology and education 

Physical 

Chemical 

Waste 

Industry specific indicators for agriculture 
and forestry 

 

Awareness and public participation 

Biological Productivity Health 

 Economic viability Demographics 

 Efficiency Security 

 Industry practices  
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When selecting the themes for the SIFS indicator set, is was of outermost importance that 
they could reflect different issues of soil sustainability. For the nature dimensions the 
themes Atmosphere and Biodiversity, were chosen. The theme Land was replaced with 
the theme Soil Properties, which was then subdivided into three subthemes; physical, 
chemical and biological, which is a common way to distinguish between soil properties in 
the literature and in soil quality indicator sets (Arshad & Cohen, 1992; Bouma, 1989; 
Doran & Parkin, 1994; Larson & Pierce 1991). Themes such as Natural Hazards, Oceans 
and Seas and Coast and Fresh Waters were not included at this time as these themes 
were not thought to be directly relevant to soil sustainability. In future iterations of the 
indicator set, some of these themes should perhaps be reconsidered. One of soils 
important functions is to store and filtrate water which relates it to Fresh water and 
Oceans and Seas and Coast. 

In the economy dimensions Consumption and Production Patterns was chosen. The 
theme Economic Value of Soil Ecosystem services was added to the SIFS indicator set as 
this issue is seen as of great importance for the sustainability of soil and activities 
supported by soil ecosystem services. Ecosystem services of soils are essential for the 
sustainability of agriculture and forestry. The theme Industry Specific Indicators was 
added because of the importance of soil for industries. In this version of the SIFS indicator 
set the main focus is put on agriculture and forestry as operational practices in these 
industries are extremely important for the sustainability of the soil. Other soil based or 
related industries, such as mining, were not included at this time, as these industries are 
not subjected of the SoilTrEC project. They are, however, important for the sustainability 
of the soil and should be considered in later iterations of the SIFS indicator set. That 
theme includes subthemes that were thought to cover economic development. The 
theme Global economic partnership was excluded as it was not thought to be directly 
relevant to soil sustainability. 

As mentioned above the society and wellbeing dimensions were merged into one dimension, 
called Society & Wellbeing. The themes and subthemes chosen included Governance, Health, 
and Demographics. The themes Security, Awareness and Public Participation and Institutional 
Framework and Capacity were added from previous edition of the CSD indicator set (United 
Nations Division for Sustainable Development, 2001) as these were thought to be relevant to 
soil sustainability. The theme Poverty was not included at this time. Poverty was among the 360 
possible indicators identified in the beginning of the indicator development process, but was 
ruled out in later development of the indicator process as it proved to be difficult to directly link 
the indicator to soil sustainability. 

3.2.3 Selection of Indicators 

3.2.3.1 Step 4: Select Indicators to Include in Each Theme 

and Subtheme 

SIFS indicators need to be able to capture the diverse aspects of soil sustainability. For 
each theme and subtheme, indicators were chosen. As Meadows (1998) points out, the 
search for the appropriate indicators is an evolutionary process and it takes trial, error 
and learning to produce an indicator set that is serviceable. That is well in line with the 
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eighth BellagioSTAMP principle (See box 1, page 7) which depicts that the assessment 
progress requires continuous learning and improvement. 

3.2.3.1.1 Identification of Potential Soil Indicators for Sustainability 

To form a basis for the selection process, an extensive, theory based literature review on 
existing soil related indicators was carried out. Important sources, besides those from a 
large number of scientific articles, included environmental indicators developed by 
various institutional bodies including the European Environmental Agency, Eurostat and 
the Joint Research Centre of the European Commission in Ispra, Italy. Key issues 
concerning soil sustainability, and their relative indicators, were gathered and evaluated. 
A total of 360 potential indicators relating to the sustainability of soil were identified 
during that process (See Appendix 1).  

The seventh principle of the BellagioSTAMP calls for a broad participation and an early 
engagement with users of the assessment. The 360 indicators identified in the literature 
review were presented to the SoilTrEC team for review in the autumn of 2010. A revised set 
of 243 potential indicators were presented to the stakeholders and the SoilTrEC workshop in 
Stresa, Italy in November 2010, to obtain expert discussion, consultation and inputs. A total of 
30 people attended the day workshop, including stakeholders representing a variety of 
agricultural institutions in Estonia, Greece, Italy, Latvia and Spain. 

3.2.3.1.2 Expert Consultation Process 

Engaging a large group in authentic dialogue, can be a difficult task. So for the expert 
consultation process in Stresa, an innovative, action research methodology referred to as 
World Café was used to enhance the collaborative thinking of the experts present (Brown 
& Tan, 2005). The World Café is a designed conversational process. The main idea of a 
World Café is to create an informal environment in which participants can freely explore 
an issue by discussing it in small table groups, in multiple rounds of 20–30 minutes. The 
participants discuss the issue at hand around their table and at regular intervals they 
move to a new table and the event is concluding with a plenary. By moving between 
tables the participants are able to cross–fertilise each table with ideas from other tables 
(Brown & Isaacs, 2005). 

The World Café was collectively prepared, designed and held by the six members of the 
SoilTrEC consortium that attended the Stresa SoilTrEC meeting, from Iceland3. These six 
participants also had the role of table hosts during the World Café.  

The group of experts was divided in groups of 5–7 people located on six café style tables. 
Each participant was pre–assigned a table to ensure that each group had at least one SoilTrEC 
stakeholder and that the groups were equal in size. The topic of tables 1 and 2 was the nature 
dimension and its potential indicators. The topic of tables 3 and 4 was the economy 
dimension and its potential indicators, and the topic of tables 5 and 6 was the society & 
wellbeing dimension and its potential indicators. The overall aim of the discussions was to 

                                                      
3
 The Icelandic group that attended the SoilTrEC meeting in Stresa, in November 2010 consisted of 
Brynhildur Davíðsdóttir, Eydís Mary Jónsdóttir, Guðrún Gísladóttir, Kristín Vala Ragnarsdóttir, Utra 
Mankasingh and Taru Maria Lehtinen 
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discuss the proposed indicator and to find out which indicators were seen, by the group of 
experts, as the most relevant. The groups were asked to discuss the proposed indicators and 
indicator themes as well as identifying the most important indicators.  

Each table was assigned a dedicated host and was equipped with a large sheet of paper 
and pens and participants were encouraged to draw and record their discussions and 
ideas. In that way, key insights and collective discoveries were gathered (Brown & Isaacs, 
2005), providing a valuable summary of the discussions. Each group discussed one 
indicator dimension and its proposed indicators for 30 minutes at a time. Then the groups 
would change tables to discuss a different indicator dimension, using as a starting point 
the results of the previous group, which was presented by the table host. The table host 
guided the discussions, summarizing issues and results of previous groups at the 
beginning of each discussion round. Every participant had a chance to discuss all three 
indicator dimension before returning to the starting table. No participant discussed the 
same topic twice. 

For the fourth and last session, each participant returned to his or her starting table and 
main conclusions and ideas were summarised in a plenary session. Some groups voted on 
the most important indicators, whilst others marked the ones they thought were most 
important. One participant from every group, then stood up and presented the table’s 
findings to the other groups.  

After the meeting, each table host made a written summary of her table findings, ideas 
and recommendations. These summaries, together with the ones written by the 
participants on the large sheet of paper on each table laid the foundation of the third 
review of the indicators.  

The results of the World Café were sometimes contradicting as can be expected when a large 
group of diverse and independent thinkers come together. There was however a clear common 
agreement about the most important indicators in the nature dimensions, but for the economy 
and society & wellbeing dimension the results were somewhat more diffuse and even 
contradicting. The reason for that is likely to be that the bulk of the experts present at the 
meeting were specialists in soil science and scientific modelling, with the nature dimension 
therefore being their area of expertise, lacking deep insight into the other two indicator 
dimensions. The comments therefore clearly reflected the interests of the participants. Their 
insight, nevertheless, proved to be extremely valuable for the selection of appropriate 
indicators for all three indicator dimensions. Some of the scoring and comments made by the 
experts shed light on many issues that needed further work. 

3.2.3.1.3 Selection of the Most Appropriate Indicators 

After the SoilTrEC meeting in Ispra, the indicator selection became more data driven. For 
most indicators, there exist various alternatives in the form of different metrics and it can be 
difficult to distinguish the most appropriate ones. Data availability was often a determinating 
factor when choosing between highly correlated indicators. The indicators that were chosen 
as possible SIFS indicators were thought to best represent the goals put forward in step 1 as 
well as scoring well in the indicator assessment criteria taken in step 9.  
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It is a difficult task to define an appropriate set of indicators for sustainable development. 
As Bossel (2001) points out, it is essential to define a set of representative indicators that 
can provide a comprehensive description, or as many as are essential, but no more than 
that. Too many indicators make data collection and data processing difficult to handle at 
a reasonable cost. Too few indicators, however, may miss out crucially important 
developments. The indicator set needs to be small but at the same time meaningful 
enough for comprehension (Meadows, 1998). 

It is also important that indicators do not overlap each other. Having highly correlated 
indicators in an indicator set may cause double counting and an unnecessary large amount of 
indicators. Great care was taken to prevent double counting in the indicator set. 

The indicators chosen for the three dimensions, nature, economy and society & 
wellbeing, defined in step 2, represent the important sustainability goals that were 
defined in step 1 and are divided between themes and sub–themes defined in step 3. The 
final set of indicators, suggested in this report, are by no means to be considered as 
covering all possible sustainability issues associated with the sustainability of soil. Some 
indicators are still largely undeveloped, as these are waiting for inputs from other work 
packages within the SoilTrEC project, and the set as a whole has not yet been through the 
whole indicator development process, which is needed to fully complete the indicator set. 
The set put forward at this time is however a good starting point in the development of a 
final set of indicators for soil sustainability for the SoilTrEC project. 

3.2.3.1.4 Nature Dimension 

The 14 indicators (See Table 3) selected for the Nature dimension mainly represent basic 
factors concerning soil functions. As soil functions cannot be measured directly, measures 
need to be found that are representative for soil functions (Karlen & Scott, 1994). These 
include a number of soil properties that reflect the conditions and the functions of soil. 

Table 3 Indicators chosen for the nature dimension, located within their themes and 
sub–themes. 

N A T U R E 

Theme Sub–theme Indicator 

Atmosphere Atmosphere 
N–1   Net emission of greenhouse gases 

N–2   Extreme precipitation events 

Biodiversity Biodiversity N–3   Pedodiversity 

Soil Properties 

Physical 

N–4   Aggregate size and stability 

N–5   Bulk density 

N–6   Soil depth 
N–7   Soil sealing 

Chemical 

N–8   Cation exchange capacity (CEC) 

N–9   Contamination  

N–10 pH 

Biological 

N–11 Microbial biomass 

N–12 Potential N mineralization 
N–13 Soil protective cover 

N–14 Total soil organic matter (TSOM) 
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The two indicators chosen for the Atmosphere theme are both directly linked to climate 
change, with Net Greenhouse Gases Emissions from Soil potentially being both a pressure 
and impact of climate change. Extreme precipitation events are caused by climate change 
and it is a factor that can cause extreme pressure on soils and soil functions. 

For the Biodiversity theme, Pedodiversity is a state indicator and it was chosen as it 
directly represents the diversity of soils as well as reflecting the influence of many 
environmental factors.  

The indicators chosen for the theme Soil Properties are primarily state indicators that 
determine the soils functional ability. The proposed indicators for soil properties are 
generally strongly affected by human activities, such as land use, land management, 
emissions, waste disposal etc as well as being key measures of soil quality. 

3.2.3.1.5 Economy Dimension 

The 15 indicators (See Table 4) chosen for the economy dimension were chosen because 
they represent important issues regarding the way ultimate means, in this case soil 
resources, are used and transferred into ultimate ends (Meadows, 1998).  

The two indicators selected for the theme Economic Value of Soil Ecosystem Services are 
thought to be extremely important for policy makers and public awareness. Recognition 
of the value of ecosystem services of soils and identifying the economic loss of soil 
degradation can be an important driver of sustainable use of soil resources. 

Indicators chosen for the Consumption Patterns theme address issues of waste and land 
use. Land use is a very important indicator for soil sustainability that can strongly affect 
soil functions. This indicator has not been fully developed as the part of the SoilTrEC 
project that will compare different agricultural systems in terms of sustainability has not 
yet been finished. It will however be fully develop in the final version of the SIFS indicator 
set. The two waste indicators are metrics of material efficiency. Waste production poses a 
serious threat to soil sustainability, as waste disposal can affect soils directly and 
indirectly. The compost of organic waste is especially important in the context of soil 
sustainability, as most organic wastes originate, directly or indirectly, from soils and once 
composted its elements are returned to the soil.  

Industry Specific Indicators are considered important as they are directly linked to the 
industries which management practices affect the sustainability of soil the most. The 
functional ability of the soil also strongly influences the long–term productivity and viability of 
these industries. The productivity of the soil, or yields, is very important, especially for the 
biomass production function of soils. Economic viability of soil related activities are an 
important factor of soil sustainability. Industries, including soil based industries, need to be 
economically viable in order to be sustainable. Economic viability can also be seen as an 
intermediate end of the use of soil functions. Capital intensity is an important theme for soil 
sustainability. Indicators for the Capital intensity theme measure the most important inputs 
in agriculture and forestry. Although useful for increasing yields, inputs can degrade soil 
functions, especially when used inefficiently. Improving the efficiency of input use can be 
considered a prerequisite for sustainability (De Koeijer et al., 2002).  
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Industry practices are extremely important for sustainable use of soil functions. Inappropriate 
industry practices can be drivers of soil threats, just as appropriate industry practices can 
endorse important soil functions. The proposed land management index indicator is related to 
the Land use indicator, E–3, but its focus is on a more specific scale. The land management 
index indicator has not been fully developed for the same reason as the land use index 
indicator. Once the SoilTrEC project has produced the information needed for the land use and 
land management indicators, these indicators will be completed and the other indicators in the 
Industry Practices theme will potentially be reconsidered. 

 

Table 4 Indicators chosen for the economy dimension, located within their themes and 
sub–themes. 

E C O N O M Y 

Theme Sub–theme Indicator 

Economic value of 
soil ecosystem 
services 

Economic value of soil 
ecosystem services 

E–1   Economic value of soil ecosystem services 

E–2   Economic loss due to soil degradation 

Consumption 
patterns 

Land use E–3   Land use changes (Index) 

Waste E–4   Waste generation intensity 

E–5   Organic waste composted 

Industry specific 
indicators for 
agriculture and 
forestry 

Productivity E–6   Yield 

Economic viability E–7   Return on equity (ROE)  

E–8   Debt to asset ratio 

Capital intensity E–9   Energy returns on investment (EROI) 

E–10 Fossil energy intensity 

E–11 Fertilizer use intensity 

E–12 Pesticide use intensity 

E–13 Irrigation intensity 

E–14 Labour intensity 

Industry practices E–15 Land management (Index) 

3.2.3.1.6 Society & Wellbeing Dimension 

The Society & wellbeing dimension contains 15 indicators (See Table 5) of intermediary means 
to soil sustainability. One indicator, human health, can also be seen as an ultimate end4.  

Indicators selected for the Institutional framework and capacity and Awareness and 
public participation themes, are response and driver indicators. 

The Health indicators chosen are all impact indicators.  

The indicators chosen for the themes, Demographics and Security, represent drivers of 
pressures that can seriously influence the sustainability of soil.  

                                                      
4
 According to Meadows (1998), ultimate end indicators are the most important indicators as other 
indicators simply measure ultimate and intermediare means to an end. 
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Table 5 Indicators chosen for the society & wellbeing dimension, located within their 
themes and sub–themes. 

S O C I E T Y  &  W E L L B E I N G 

Theme Sub–theme Indicator 

Institutional 
framework and 
capacity 

Governance level SW–1  Access to information and justice 

SW–2  Government policies  

SW–3  Land tenure security 

Science, technology 
and education 

SW–4  Expenditure on soil related research and 
development  

SW–5  Literacy  
SW–6  Education for sustainable development  

Awareness and 
public participation 

Awareness and public 
participation 

SW–7  Public Awareness of the value of soil 

SW–8  Public participation  

Health Health SW–9 Human health 

SW–10 Bioavailability of essential major and trace elements 

SW–11 Suicide rate among farmers 

Demographics Demographics SW–12 Age diversity in rural areas 
SW–13 Population growth 

Security Security SW–14 Armed conflicts 

SW–15 Human exposure to contaminated soils 

3.2.4 Development of an Aggregation Function and 
Scoring Method 

As different indicators have different units they must be transformed into the same unit in 
order to be aggregated. An aggregation function is a mathematical combination of a set of 
indicators that is useful as a communication channel for decision makers and the general public. 
Several aggregation technologies can be found in the literature (Saisana & Tarantola, 2002). 

3.2.4.1 Step 5: Select Aggregation Function 

3.2.4.1.1 Aggregate Function 

For the SIFS indicator set it was decided not to use an aggregation function as it is not 
intended to be an aggregate indicator, and therefore no such function will be selected. The 
SIFS indicator set is intended to be a set of multiple, individual, non–aggregated indicators 

Bossel (1999) points out that aggregation of indicator can hide serious deficits in some 
sections that can threaten the overall health of the system being assessed. A non–aggregated 
set of indicators, like the SIFS indicator set, is especially useful when there is a need to 
separately analyse changes across several dimensions of sustainable development. 

3.2.4.1.2 Scoring Method 

Principle 4 of the BellagioSTAMP entails the comparison of indicator values with targets 
and benchmarks. A scoring method must therefore be selected. Sustainability is dynamic 
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and cannot be easily scaled and measured. Fundamentally sustainability is a question of 
balance being maintained over time. It is a motion rather than a fixed point (Dahl, 1995). 
Scores must show whether the indicator is moving away or towards the goal of 
sustainability set forward in step 1. Each indicator should be assessed according to a 
reference value that represents its own target or threshold.  

When assessing sustainability indicators, two questions must be answered. 1) Does the 
current measurement indicate sustainable or unsustainable conditions, when compared 
to the target or threshold set for that indicator? 2) Is the indicator moving away or 
towards the goal of sustainability? To answer the first question, data for current 
conditions is needed. To answer the second question, data series are needed for 
comparison, to show in which direction the indicator is moving. 

Any scoring system requires the construction of a value scale, or an assessment function and of 
a meaning in order to situate the score awarded and therefore characterise the level of 
sustainability (Zahm et al., 2006). Various indicator sets use numbering to represent the level of 
sustainability of the indicator. The ISIS Compass of sustainability (AtKisson, 2008), the 
Barometer of Sustainability (Prescott–Allen, 2001) and the Environmental Sustainability Index 
(Esty et al., 2005) scores indicators from 0 to 100 with 100 being the most sustainable. The 
Human development index uses a score from 0–1, Sustainable Society Index and the Quality of 
Life Index a scale from 0 to 10, Sustainability Index a scale from 1–10, and the Media 
Sustainability Index is scaled from 1–4 (Bandura, 2008). An assessment function for each 
indicator has not yet been developed. A suitable assessment function needs to be chosen for all 
proposed SIFS indicators, based on assessment of the indicators in light of targets and threshold 
values identified for each indicator. 

Box 2 Explanation of symbols 

  Sustainability target reached 

  Unsustainable conditions. 

  Positive trend towards soil sustainability. 

  No significant change 

  Unfavourable trend away from soil sustainability.

Since no aggregation function was chosen it was decided not to use a numerical 
assessment function. Instead, to the extent feasible, it was decided to use 
smiley/growling faces and arrows to indicate the current state of the indicators and its 
progress towards sustainability, or lack of it (See Box 2). Smileys and arrows were chosen 
because they give effective visualisations that allows for a clear and meaningful 
presentation of the indicator, as is advised in the sixth principle of the BellagioSTAMP. 
The European Environment Agency has used smiley icons in various ways to report 
information in a refined and digestible format that enhance the communicative power of 
its products, with good results (Bosch, 2005). 
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In order to be scored, data for each indicator must be collected. As the purpose of this thesis 
was solely to develop a set of potential soil indicators for sustainability, and not to implement 
the indicator set, this data was not collected. Threshold values and the desirable goals in 
terms of soil sustainability were identified, whenever possible. Much work is still required in 
assigning each indicator an appropriate threshold or reference value  

3.2.5 Weighting 

3.2.5.1 Step 6: Weights Needed? 

Different weights are often assigned to indicators in order to reflect their significance. No 
uniformly agreed methodology exists to weight individual indicators before aggregating 
them into a composite indicator. 

Being a set of multiple, individual, non–aggregated indicators, the SIFS indicators will not 
require different weighting, and hence all indicators will have equal weight. 

3.2.5.2 Step 7: Calculate Weights.  

As no weighting was needed, step 7 was not performed. 

3.2.6  Implementation and Testing of the Indicator Set 

3.2.6.1 Step 8: Calculate Indicators and Aggregate 
Function. 

Implementation involves using the indicator set to assess the sustainability in a given 
area, country or region, or between farms or land areas. It entails the collection and 
transformation of relevant data into meaningful information. 

As implementation of the SIFS indicator set was not a part of this project, step 8 was not 
performed. 

For future implementation of the SIFS indicator set, data will be collected. In cases where 
databases are not present, data will have to be collected fist hand. 

3.2.6.2 Step 9: Do indicators Meet Specific Purpose? 

It is important to keep in mind that the quality of the indicator set depends largely on the 
quality of the indicators chosen and the data they are based on. Each indicator was checked 
against a list of criteria to assess the indicators suitability to represent the sustainability goals 
chosen in Step 1. The BellagioSTAMP (See Box 1, page 26) suggests that a following criteria are 
important for selecting indicators: responsiveness to change; targets and benchmarks; 
standardized measurement methods; use innovative visual tools and graphics; most recent and 
reliable data, data accessibility and; repeated measurement. 

The criterion used in this thesis (See Box 3, page 48) is based on OECDs (1993) criteria for 
environmental indicators, which harmonizes well with the BellagioSTAMP as well as 
adding a few useful components to the assessment. This criterion describes the ideal 
indicator and will seldom be met entirely in practice.  
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Box 3 Criteria to assess the suitability of indicators in meeting their specific purpose 
(based on OECD, 1993). 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

2. Is the indicator simple, easy to interpret and able to show trends over time? 

3. Is the indicator responsive to changes in the environment and related human 
activities? 

4. Does the indicator provide a basis for international comparisons? 

5. Does the indicator have a threshold/target or reference value against which to 
compare it, so that users can assess the significance of the values associated 
with it? 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? 

7. Is the indicator based on international standards and international consensus 
about its validity? 

8. Can the indicator be linked to economic models, forecasting and information 
systems? 

Measurability 

9. Is data readily available or made available at a reasonable cost/benefit ratio? 

10. Is data adequately documented and of known quality? 

11. Is data updated at regular intervals in accordance with reliable procedures? 

It is important to keep in mind that since the indicators proposed in this thesis have not 
yet gone through the whole indicator development process, it was not possible to fully 
complete this step. It, however, served as a useful guide in the selection process in step 4. 
The results of the suitability assessment for each indicator can be found in Appendix 2. 
Upon completion, it is necessary to repeat the suitability assessment and it would be 
extremely valuable to have inputs from various stakeholders to assess the suitability of 
the proposed indicators. 

An ideal indicator should also be simple but at the same time meaningful, to be able to 
grasp the attention of important stakeholders such as policymakers, land owners, farmers 
and the general public. 

3.2.7  Report of the Indicators 

3.2.7.1 Step 10 Report Indicators 

The reporting of the indicators represents the end result of the indicator development process. 
The indicators should be presented in a clear and meaningful format. The sixth principle of the 
BellagioSTAMP emphasises the need for effective communication of indicators.  
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Box 4 General content of the SIFS Indicator factsheet, with descriptions. 
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Even though the indicator development is not fully complete, and the indicators not yet 
implemented, an indicator factsheet was developed to report the proposed SIFS 
indicators. A general format of the indicator factsheet, together with a description, is 
shown in Box 4. The BellagioSTAMP stresses the importance of using a clear and plain 
language, using innovative visual tools and graphics, and presenting information in a fair 
and objective way. The report of the indicators is the subject of chapter 4. 

Each dimension is displayed in different colors. Nature in green, Economy in blue and 
Society & Wellbeing in red. 
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4 Soil Indicators For Sustainability 

In this chapter the tenth step of the thematic approach to indicator development is taken, 

which involves the report of the proposed SIFS indicators. The full indicator fact sheets 

will be presented. The indicators will be presented in the order they were placed within 

the indicator framework seen in table 3,4 and 5 in section 3.2.3.  

4.1 Nature Dimension 
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SIFS Indicator Fact Sheet 
N 1 – Net greenhouse gases emissions from soils 

Brief definition: 
Net emissions from soils of carbon dioxide (CO2), 
methane (CH4) and nitrous oxides (NOx). 
Unit of measurement: 
CO2 equalent 
gC/m2/yr 
Measurement methods/data availability:  
Soil respiration rates or remote sensing  
The MODIS Satellite Data can be used to estimate  
monthly carbon fluxes in terrestrial ecosystems 
(Potter et al., 2003) 
The SRDB database is a global soil respiration 
database from studies in the field (Bond-
Lamberty and Thomson, 2010) 
Scale: 
EU, National, Plot 
Time scale: 
Annual, Seasonal, Monthly 
Placement in the indicator set: 
Nature–Atmosphere 

 

 

Relevance to soil sustainability: 
Soils are important sinks for greenhouse gases. They contain about twice as much carbon as both the 

atmosphere and biota combined. Soils both affect and are affected by climate change (Luo & Zhou, 2006 :ix). 
Increasing GHG emissions from soil, or soil respiration, can speed up global warming through a positive 
feedback mechanism (Toth et al., 2007). Climate change, in the form of rising temperatures and extreme 
weather events, is exacerbating greenhouse gas emissions from soil and threats such as erosion, landslides, 
salinisation and organic matter decline (European Commission, 2006).  

An important soil function identified by the Soil Thematic Strategy is its function as a carbon pool. Net 
greenhouse gases emissions from soils can be seen as a direct  measurement of that soil function. This 
function is also closely related to other ecological soil functions, biomass production, storing filtering and 
transforming nutrients, substances and water and the function of soil as a biodiversity pool. 

  

Driver

Industries, 
agriculture, 
traffic etc.

Pressure

Climate 
change, land 
management

State

Microbial 
activity,  

TSOM, etc

Impact

Net GHG 
emissions 
from soils,  

Response

Regulations 
and policies 

on clean 
energy, land 

use, etc.
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Linkage to soil functions: Linkage to soil threats: 

 

 X Biomass production  x Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

x 
Organic matter decline 

  

      

X Biodiversity pool x Contamination 

      

x Carbon pool  Salinisation 

      

 Physical and cultural environment for 
humans and human activities 

x 
Compaction 

  

 Source of raw materials x Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

x 
Sealing 

  

   Landslides and flooding 

       

 

Sustainability evaluation: 
In order to be seen as sustainable soils must sequester more CO2 equalents than they emit.  
Stable GHG emissions from soil are considered more sustainable. 
Increased GHG emissions from soil are considered less sustainable. 

Data visualisation: 
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SIFS Indicator Fact Sheet 
N 2 – Extreme weather events 

Brief definition: 
Number of consecutive dry days per year with 
extreme weather events.  
Unit of measurement: 
Days/year 
Measurement methods/data availability:  
Data for extreme weather events can be found 
in national meteorological databases. 
Scale: 
EU, National,  
Time scale: 
Annual 
Placement in the indicator set: 
Nature–Atmosphere 

 
 

Relevance to soil sustainability: 
Precipitation is a major soil forming factor and any changes in the amount, timing and intensity of precipitation 

is likely to effect the soil (Jenny, 1994). As a result of climate change extreme precipitation events are likely to 
become more frequent in Europe as a whole. Extreme precipitation events leading to floods or droughts can have 
direct and indirect effects on human health and livelihood, environmental sanitation and water availability (Bayon, 
2008). Droughts, a form of potential natural disaster, can cause desertification, increase the frequency of wildfires, 
intensive land use and pest populations (Warrick et al., 1986). High rainfall events make soils more prone 
susceptible to erosion. Change in the frequency and intensity of extreme weather events and seasonal variations 
in precipitation patterns are likely to have the serious consequences for agriculture within the EU, affecting soil 
quality and fertility and potentially causing major environmental, economic and social impacts damage (Quiquerez 
et al., 2008; European Commission, 2009). 

  

Linkage to soil functions: Linkage to soil threats: 

 

 X Biomass production  X Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

X Biodiversity pool X Contamination 

      

x Carbon pool X Salinisation 

      

x Physical and cultural environment for 
humans and human activities 

 Compaction 

   

x Source of raw materials x Soil biodiversity loss 

      

x Archive of geological and archeological 
heritage 

 Sealing 

   

  x Landslides and flooding 

 

  

Driver

Industrialization, 
traffic, agriculture, 

etc.

Pressure

Extreme 
precipitation 

events, due to 
climate 
change

State

Aggregate 
stability, 

erosion risk

Impact

Yield, lloss 
of TSOM, 

erosion, etc.

Response

Regulations, 
clean energy, 

etc.
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Sustainability evaluation: 
A decrease in extreme precipitation events is considered more sustainable. 
An increase considered less sustainable. 
Reference value should be a 30 year average in the number of extreme precipitation events. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
N 3 – Pedodiversity 

Brief definition: 
The variation of soil properties or soil classes 
within an area (McBratney & Minasny, 2007). 
Unit of measurement: 
Number of soil classes within an area. 
Measurement methods/data availability:  
Mean taxonomic distance as recommended by 
Minasny et al., 2010. 
No database found for pedodiversity. There are 
however both national and international 
databases for soil classes that could be used. 
Scale: 
EU, National, Watershed 
Time scale: 
Annual, or less frequently 
Placement in the indicator set: 
Nature – Biodiversity 

 

 

Relevance to soil sustainability: 
Every soil type has its unique history of formation, biology and soil properties. Land use and land use 

changes can have great impacts on pedodiversity, loss of pedodiversity is a loss of the biological diversity 
that is often unique to that soil (Zhang et al., 2007). Soil is a factor that strongly influences the distribution of 
species and populations. Pedodiversity is a good predictor of habitat heterogeneity because it reflects the 
influence of many environmental factors (Petersen et al., 2009). 

Soil sealing, due to urbanization is a major factor causing loss of pedodiversity (Zhang et al., 2007). 
Pedodiversity should be used as basis for decision making regarding land use. Different soils react differently 
to different land uses and therefore it is important to match soils and their use, so that land use is 
sustainable and appropriate. Pedodiversity can also be an important factor of soil conservation. (McBratney 
& Minasny, 2007).  

Pedodiversity is a measurement of the diversity of soil types. Loss of soil types can potentially mean a loss 
of soil function. 

Driver

Population 
and economic 

growth

Pressure

Land use 
changes

State
Pedodiversit

y

Impact

Loss of soil 
biological 
diversity, 

food security  

Response

Land 
conservation

, policies
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Linkage to soil functions: Linkage to soil threats: 

 

 X Biomass production  X Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

X Biodiversity pool X Contamination 

      

X Carbon pool X Salinisation 

      

X Physical and cultural environment for 
humans and human activities 

X 
Compaction 

  

X Source of raw materials X Soil biodiversity loss 

      

x Archive of geological and archeological 
heritage 

X 
Sealing 

  

  x Landslides and flooding 

       

 

Sustainability evaluation: 
Stability in pedodiversity is considered more sustainable. 
A decrease in pedodiversity is considered less sustainable 
Data visualisation: 
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SIFS Indicator Fact Sheet 
N 4 – Aggregate size and stability 

Brief definition: 
Aggregate size and stability 
Unit of measurement: 
Not identified 
Measurement methods/data availability:  
Wet and dry sieving. 
No data base found. 
Scale: 
Plot 
Time scale: 
Annual, Seasonal 
Placement in the indicator set: 
Nature–Soil properties–Physical 

 
 

Relevance to soil sustainability: 
Soil aggregates are what hold soil together and changes in aggregate stability can serve as an indicator 

of recovery or degradation of soil. Soil aggregates are a product of the soil microbial community, the soil 
organic and mineral components, the nature of the above–ground plant community, and ecosystem history. 
They are important in the movement and storage of soil water and in soil aeration, resistance to erosion, 
root growth, and microbial community activity (Tate, 1995). Soil aggregates protect SOM from exposure to 
air and decomposition, as well as improving soil biota habitat.  

Aggregate stability is a measure of the vulnerability of soil aggregates to external destructive forces 
(Hillel, 1982). Unstable aggregates that break down in water or fall apart when struck by raindrops release 
individual soil particles. This process is known as slaking. Slaked soil particles can seal the soil surface and 
clog pores and other pathways for water and air entry into a soil and also restrict emergence of seedlings 
from a soil (Nimmo & Perkins, 2002). 

Soil aggregates are closely connected to soil erodibility, soil water regime, soil biota and soil nutrient 
availability (Zadorova et al., 2011). Because of their direct relation to cohesive forces, aggregate size and 
stability are important to understanding soil erosion and surface sealing (Nimmo & Perkins, 2002). 
Aggregate stability generally increases with increasing amount of soil organic matter (Haynes & Beare, 
1996). Aggregate size and stability is highly affected by cultivation methods, pesticide use and extreme 
precipitation events, and is indirectly linked to yield, food security and human health. Greater amounts of 
stable aggregates suggest better soil quality. (USDA, 2008). 

  

Driver

Agriculture 
forestry, 

Pressure

Inapropriate 
agr. 

practices, 
climate 
change  

State

Aggregate 
size and 
stability

Impact

Biomass 
production, 

erosion,  
nutrient 

availability

Response

Protective 
soil cover, 

conservation 
cultivation
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Linkage to soil functions: Linkage to soil threats: 

 

 X Biomass production  x Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

X Biodiversity pool  Contamination 

      

x Carbon pool  Salinisation 

      

 Physical and cultural environment for 
humans and human activities 

X 
Compaction 

  

 Source of raw materials X Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

 
Sealing 

  

  x Landslides and flooding 

       

 

Sustainability evaluation: 
An increase in aggregates and aggregate stability is considered more sustainable. 
A decrease is considered less sustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
N 5 – Bulk density 

Brief definition: 
Weight of the soil per unit volume 
Unit of measurement: 
g/cm

3 

Measurement methods/data availability:  
ISO 11272:1998 
Data should be available from The European Soil 
Database, the WISE database, the IGBP Global 
Soils Data Task database and some national 
databases (Huber et al., 2008). 
Scale: 
Plot 
Time scale: 
Annually or less frequent 
Placement in the indicator set: 
Nature – Soil properties – Physical 

 
 

Relevance to soil sustainability: 
Bulk density is an extremely useful indicator of soil physical conditions and a direct indicator of the soil 

threat Soil compaction (Huber et al., 2008). Bulk density reflects the ability of the soil to function for 
structural support, water and nutrient movement and soil aeration. Bulk density can be used as an indicator 
of compaction and problems of root penetration. Compaction is a worldwide problem that threatens the 
sustainability of many soil functions and is directly related to the productivity of the soils (Lebert et al., 
2007). 

Bulk density is also used to measure pore size distribution. Different pore sizes fulfil different roles in 
aeration, infiltration, drainage and storage of water and mechanical resistance offered to root growth (Kay & 
VandenBygaart, 2001). High bulk density can equal low porosity and compaction and causes shallow rooting, 
poor plant growth and reduction of protective cover (USDA, 2008). Bulk density is linked to total soil organic 
matter, pH (Dominati et al., 2010), protective cover and agricultural methods such as the use of heavy 
machinery, tillage etc. 

  

Driver

Profitability

Pressure

Use of 
heavy 

machenery

State

Bulk 
density

Impact

All ecological  
soil functions

Response

Regulations,  
avareness
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Linkage to soil functions: Linkage to soil threats: 

 X Biomass production  X Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

      

X Biodiversity pool  Contamination 

      

x Carbon pool  Salinisation 

      

 Physical and cultural environment for 
humans and human activities 

x 
Compaction 

  

 Source of raw materials  Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

 
Sealing 

  

   Landslides and flooding 

       

 

Sustainability evaluation: 
The bulk density threshold is about 1.6 g cm

–3 
(Huber et al., 2008). 

Bulk density over 1.6 g cm
–3

 is considered less sustainable. 
 
Data visualisation: 
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SIFS Indicator Fact Sheet 
N 6 – Soil depth 

Brief definition: 
Topsoil depth 
Unit of measurement: 
cm 
Measurement methods/data availability:  
Measured by using soil augers. 
Data should be found in the European Soil 
Database and in national databases. 
Scale: 
EU, National, Watershed, Farm, Plot 
Time scale: 
Annual or less frequently 
Placement in the indicator set: 
Nature – Soil properties – Physical 

 
 

Relevance to soil sustainability: 
A decrease in soil depth is a direct measure of soil erosion. Erosion is seen as one of the eight major 

threats to soil in Europe and it is one of the most widespread form of soil degradation (Oldeman, 1994). Soil 
erosion is a form of exhaustion of soil as a resource that can lead to a loss of soil and soil fertility due to 
disrupted nutrient cycles, restrictions on land use and land value, damage to infrastructure, pollution of 
water bodies and negative effects on habitat and thus, biodiversity (Grimm et al., 2002). 

Soil can be eroded away by wind, water and tillage. Water erosion is a mayor form of soil erosion in 
Europe. Physical factors such as climate, topography and soil characteristics are important in the process of 
soil erosion. The main causes of soil erosion are related to inappropriate agricultural practices, 
deforestation, overgrazing, wild fires and construction activities (Grimm et al., 2002). 

Soil erosion is strongly related to extreme precipitation events. The identification of areas that are 
vulnerable to soil erosion can be helpful for improving our knowledge about the extent of the areas affected 
and, ultimately, for developing measures to keep the problem under control whenever possible (Grimm et 
al., 2002). 

  

Driver
Agriculture,  

urban 
expantion, 

climate change
Pressure

Inappropriate 
agricultural 
practices, 
extreme 

precipitation, 
construction

State

Soil depth

Impact

Loss of soil  and 
soil functions, 
human health, 

Response

Conservation 
agriculture, 

erosion 
control 

measures
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Linkage to soil functions: Linkage to soil threats: 

 X Biomass production  x Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

x 
Organic matter decline 

  

      

X Biodiversity pool  Contamination 

      

X Carbon pool  Salinisation 

      

X Physical and cultural environment for 
humans and human activities 

 
Compaction 

  

X Source of raw materials x Soil biodiversity loss 

      

x Archive of geological and archeological 
heritage 

 
Sealing 

  

  x Landslides and flooding 

       

 

Sustainability evaluation: 
Stable or increasing topsoil depth is considered more sustainable. 
Decreasing topsoil depth is considered less unsustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
N 7 – Soil sealing 

Brief definition: 
Loss of soil resources due to the covering of the 
soil surface with impervious materials as a result 
of urban development and infrastructure 
construction (JRC, 2010). 
Unit of measurement: 
% of total land area 
Measurement methods/data availability:  
Land use data for most of Europe is collected by 
EUROSTAT and EEA. 
See also GMES (Global Monitoring for 
Environment and Security) land use data base 
(available online at http://www.gmes.info) and 
Corine land use database for Europe (available 

online at  http://www.eea.europa.eu). 
Scale: 
EU, National, Watershed 
Time scale: 
Annual 
Placement in the indicator set: 
Nature – Soil properties – Physical 

 

 

Relevance to soil sustainability: 
Soil sealing is the result of urban expansion and infrastructure construction, results in the total loss of soil 

abilities to perform certain functions, such as water infiltration, agriculture, forestry, etc. Ecological soil 
functions, such as buffering filtering as well as the soils ability to store carbon are severely impaired or even 
prevented. In addition, surrounding soils may be influenced by change in water flow patterns or the 
fragmentation of habitats. Current studies suggest that soil sealing is nearly irreversible (JRC, 2010) and it 
reduces the availability of soil resources for future generations, whose discretion for action and options for 
development are thereby narrowed (Huber et al., 2008). 

  

Linkage to soil functions: Linkage to soil threats: 

 x Biomass production   Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

 
Organic matter decline 

  

X Biodiversity pool  Contamination 

      

X Carbon pool  Salinisation 

      

X Physical and cultural environment for 
humans and human activities 

x 
Compaction 

  

X Source of raw materials  Soil biodiversity loss 

      

X Archive of geological and archeological 
heritage 

x 
Sealing 

  

  x Landslides and flooding 

       

Driver

Political, 
demographic 
and economic  

changes

Pressure

Soil sealing

State

Soil moisture, 
bulk density,  

mictobial 
activity etc.

Impact

Loss of other 
soil 

functions, 
loss of 

pedodiversity

Response

Planning, 
regulations
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Sustainability evaluation: 
No increase of sealed areas is considered more sustainable. 
Increased sealed area is considered less sustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
N 8 – Cation exchange capacity (CEC) 

Brief definition: 
The capacity of a soil for ion exchange of cations 
between the soil and the soil solution 
Unit of measurement: 
Milliequivalents /100 g 
Measurement methods/data availability:  
No database found 
Scale: 
Plot 
Time scale: 
Annual, Seasonal 
Placement in the indicator set: 
Nature–Soil properties–Chemical 

 
 

Relevance to soil sustainability: 
The CEC of a soil is an indicator of the soils nutrient holding, buffer capacity and salt concentration. CEC 

functions as a reservoir of nutrients in the soil. CEC is highly dependent upon soil texture and organic 
matter content and pH. In general, the more clay and organic matter in the soil, the higher the CEC 
(Camberto, 2001). The higher the CEC, the greater the capacity to hold nutrients and the more buffered is a 
substrate against nutrient changes (Saharinen 1998). 

CEC in soil is important because it alters soil physical properties, cause or correct acidity and basicity, 
affects soil fertility, and can purify or alter percolating waters. CEC is pH dependent and directly proportional 
to the clay concentration, organic matter content, and particle–size distribution (Winfield & Lee, 1998). A 
low CEC means the soil has a low resistance to changes in soil chemistry that are caused by land 
use(Hazelton & Murphy, 2007). 

  

Linkage to soil functions: Linkage to soil threats: 

 X Biomass production   Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

X Biodiversity pool X Contamination 

      

x Carbon pool x Salinisation 

      

 Physical and cultural environment for 
humans and human activities 

 
Compaction 

  

 Source of raw materials x Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

 
Sealing 

  

   Landslides and flooding 

       

 

Driver

Industrialization 
traffic, etc.

Pressure

Emissions 
leading to 

acidification

State

CEC

Impact

Nutrient 
leaching, water 

quality, yield 

Response

Liming, 
regulations
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Sustainability evaluation: 
>40   Very high 
25–40 High 
12–25 Moderate (Threshold value) 
6–12  Low 
<6    Very low 
(Hazelton & Murphy, 2007). 

The higher the CEC the more sustainable the soil. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
N 9 – Contamination 

Brief definition: 
The presence of man–made chemicals or other 
alteration in the natural soil environment, or the 
occurrence of pollutants in soil above a certain 
level causing a deterioration or loss of one or 
more soil functions (JRC, 2010). 
Unit of measurement: 
Concentrations in topsoil 
Measurement methods/data availability:  
Measured parameters need be site specific to 
allow for particular circumstances. A minimum 
dataset proposed by a multi–stakeholder 
working group on the Soil Thematic Strategy 
(2004) recommends the monitoring of: arsenic, 
cadmium, chromium, copper, mercury, nickel, 
lead, phosphorus and nitrogen, zinc. Additional 
measurements proposed, where needed were: 
persistent organic compounds, dioxins, di–
benzofurans, PCBs, PAHs, pesticides (e.g. HCH, 
DDT, DDE), radio–caesium, radio–iodine, sewage 
sludge on agricultural land, bases saturation. 
 
FOREGS Geochemical database has data for As, 
Cd, Cr, Cu, Hg, Ni, Pb and Zn 
 
The European Environmental Agency stores data 
for main soil contaminants 
Scale: 
EU, National, Plot 
Time scale: 
Annual 
Placement in the indicator set: 
Nature – Soil properties – Chemical 

 

 

Relevance to soil sustainability: 
Soil contamination is a huge and growing threat that effects soil functions in a number of ways. Soil 

contamination can seriously damage the environment. Human exposure to contaminated soil due to direct 
contact, inhalation and ingestion, pollution of drinking water and uptake of pollutants in alimentary plants, 
can be a major threats to human health 

Soil contamination can have adverse effects on plant growth and development, as it can affect the 
populations and activities of soil microflora at different functional levels, and reduce the growth and the 
yield of plants. Enzyme activity and organic matter content is negatively correlated with the level of soil 
contamination (Maliszewska–Kordybach & Smreczak, 2002). Soil contamination also includes soil 
acidification and eutrophication. Soil contamination is a highly complex issue to cope with chiefly when we 
consider the multi–functionality of soils (Romanyà et al., 2006). Measured parameters need be site specific 
to allow for particular circumstances. 

  

Driver

Industrialization 
traffic, 

agriculture,  
mining, etc.

Pressure

Emissions, 
accidents  

waste, etc.

State

Soil chemical 
and biological 

properties,  

Impact

Yield, human 
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health, erosion

Response

Regulations, 
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Linkage to soil functions: Linkage to soil threats: 

 

 X Biomass production   Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

x 
Organic matter decline 

  

X Biodiversity pool X Contamination 

      

x Carbon pool  Salinisation 

      

X Physical and cultural environment for 
humans and human activities 

 
Compaction 

  

x Source of raw materials x Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

 
Sealing 

  

   Landslides and flooding 

       

 

Sustainability evaluation: 
No contamination is considered most sustainable 
Concentration of contaminants above threshold values is considered less sustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
N 10 – pH 

Brief definition: 
Topsoil pH. 
Unit of measurement: 
pH  
Measurement methods/data availability:  
pH (water) 
The European Soil Data Centre has data for pH in 
Europe 
Scale: 
EU, National, Watershed, Farm, Plot 
Time scale: 
Annual, seasonal 
Placement in the indicator set: 
Nature – Soil properties – Chemical 

 
 

Relevance to soil sustainability: 
pH is a measure of soil acidity or alkalinity and can be used as an indicator of nutrient availability and 

toxicity(Hazelton & Murphy, 2007). pH effects the cation exchange capacity of the soil and consequently the 
soils nutrient and contaminant availability by affecting the soil capacity to filtrate inorganic substances and 
to transform (Bujnovský & Vilcek, 2009) and control the mobilization of organic colloids in soils (Pédrot et al., 
2009). pH also influences root growth, and crop protectant activity (Beegle & Lingenfelter, 1995). 

It is important to know if soil pH is being managed appropriately to avoid costly losses in production, 
negative implications for the environment and possibly restricted access to future markets for agricultural 
produce (National Land & Water Resources Audit, 2007). 

Low pH (acidification) and high pH (alkalinity) affects all aspects of the natural environment: soils, waters, 
flora and fauna. Acidification is one of the world´s major soil–management problems (Richter & Markewitz, 
2001:182). Acidification is accelerated by GHG emissions, fertilizer use and continual removal of plant and 
animal products from fields (Bareham, 1996). 

  

Driver

Industialization  
profit, 

population 
growth 

Pressure
Emissions, 

fertilizer use, 
harvesting

State

pH

Impact

Plant growth, 
water quality, 

letc. 

Response

Liming,  
emission 

reduction, 
regulations, 
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Linkage to soil functions: Linkage to soil threats: 

 X Biomass production   Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

x 
Organic matter decline 

  

      

X Biodiversity pool X Contamination 

      

x Carbon pool X Salinisation 

      

 Physical and cultural environment for 
humans and human activities 

 
Compaction 

  

X Source of raw materials x Soil biodiversity loss 

      

x Archive of geological and archeological 
heritage 

 
Sealing 

  

   Landslides and flooding 

       

 

Sustainability evaluation: 
pH values within a certain range is considered more sustainable. 
pH values above or below threshold values are considered less sustainable. 
Threshold values have not been identified. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
N 11 – Microbial biomass 

Brief definition: 
Living soil flora and fauna 
Unit of measurement: 
G C per g dry soil 
Measurement methods/data availability:  
Substrate Induced Respiration Method (ISO, 
1997) 
No database found 
Scale: 
Plot 
Time scale: 
Annual 
Placement in the indicator set: 
Nature – Soil Properties – Biological 

 
 

Relevance to soil sustainability: 
Soil microbial respiration is an integrated measure of microbial biomass and activity (Jones et al., 2004). Is 

has also been used as an indirect measure of biodiversity (Turbé et al., 2010, ). Soils potential productivity is 
closely related to its microbial load (Núñez–Regueira, et al., 2002). Soil organisms are major components of 
soils organic matter and crucial for the functioning of soils (Breure, 2004), often referred to as the “biological 
engine of the earth”. Microbial biomass can be used as an index to indicate soil degradation as a 
consequence of different factors going from an intensive and inappropriate agricultural exploitation to 
diverse contamination phenomena and/or forest fires (Núñez–Regueira et al., 2002 and Bosatta & Agren, 
1994). A decrease in microbial biomass can serve to indicate a problem long before the natural vegetation is 
lost or human health problems occur (Ingham, 2002). 

  

Linkage to soil functions: Linkage to soil threats: 

 X Biomass production   Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

x 
Organic matter decline 

  

X Biodiversity pool x Contamination 

      

X Carbon pool  Salinisation 

      

x Physical and cultural environment for 
humans and human activities 

 
Compaction 

  

 Source of raw materials x Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

 
Sealing 

  

   Landslides and flooding 

       

Driver

Food  
security, 

Agr. profit

Pressure

Tillage, 
chemical use, 

water security, 
contamination

State

Microbial 
biomass

Impact

Yield, plant 
deseases,  

Response

e.g. organic 
farming
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Sustainability evaluation: 
A growth or stable microbial biomass is considered more sustainable. 
A reduction is considered less sustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
N 12 – Potential net N mineralization 

Brief definition: 
Estimates of changes in potential N 
mineralization. 
Unit of measurement: 
mg/kg soil 
Measurement methods/data availability:  
Determination of nitrogen mineralization using a 
method suggested by the ISO 14238:1997 
standard. 
Datasets not found. 
Scale: 
EU, National, Watershed, Farm, Plot 
Time scale: 
Annual, Seasonal 
Placement in the indicator set: 
Nature – Soil Properties – Biological 

 
 

Relevance to soil sustainability: 
Nitrogen is one of the most limiting soil nutrient for plant growth and productivity and productivity 

(López–Bucio et al., 2003), making N mineralization potential of the soil an indicator of long term soil 
fertility and site productivity.  

Soils with high potential N mineralization tend to be inherently fertile, while soils with low N 
mineralization potential tend to be less fertile and require greater agricultural inputs. Soil management 
practices strongly effects the soils N mineralization potential. Intensive farming practices that rely heavily 
on tillage and synthetic fertilizers tend to deplete soil organic matter, thus decreasing the soil’s 
mineralisable N pool. A decline in N mineralization is also an indicator of a degradation of the biological 
properties of the soil and low microbial activity. Restoring the N mineralization potential of a degraded soil 
requires large amounts of organic matter inputs (Deenik, 2006). 

Potential N mineralization trends can also indicate how natural a soil system is. Management regimes that 
encourage a soil community that bears the closest resemblance to natural ecosystems are most likely to 
require fewer inputs because of greater reliance on ecosystem self–regulation (Bardgett & McAlister, 1998). 

  

Driver

Economic 
and 

population 
growth

Pressure

Conventional 
farming 

practices

State

Potential N 
mineralization 

Impact

Biomass 
production

Response

Input of 
organic matter
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Linkage to soil functions: Linkage to soil threats: 

 X Biomass production   Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

x 
Organic matter decline 

  

X Biodiversity pool  Contamination 

      

x Carbon pool  Salinisation 

      

 Physical and cultural environment for 
humans and human activities 

 
Compaction 

  

 Source of raw materials x Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

 
Sealing 

  

   Landslides and flooding 

       

 

Sustainability evaluation: 
Higher N mineralization potentials are considered more sustainable. 
A declining trend in N mineralization potential is considered less sustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
N 13 – Soil protective cover 

Brief definition: 
Total vegetation cover/bare soil, as a percentage 
of total land area. 
Unit of measurement: 
%  
Measurement methods/data availability:  
e.g. data from Corine (available online at 
http://www.eea.europa.eu) or Lucas (available 

online at http://www.lucas-europa.info) 
Scale: 
EU, National, Watershed, Farm, Plot 
Time scale: 
Annual, Seasonal 
Placement in the indicator set: 
Nature – Soil Properties – Biological 

 
 

Relevance to soil sustainability: 
The soil protective cover, or vegetation cover, is important for soil sustainability. Plants add organic 

substances to the soil (Gyssels et al., 2005), increase the weathering rate of parent material and favour a less 
contrasted microclimate beneath plants due to the shadow. These conditions generate a more active fauna 
and flora, and as a consequence, stronger soil aggregates (Cerda, 1997). 

Soil erosion is seen as one of the eight major threats to soil in Europe. The soil protective cover protects 
the soil from wind and water erosion by intercepting raindrops, enhancing infiltration, transpiring soil water 
and by providing additional surface roughness (Gyssels et al., 2005). Plants also play an important role as 
habitats for soil and above soil organisms. Changes in soil protective cover, such as deforestation, 
aforestation and overgrazing, affects the soil in multiple ways. Hajabbasi et al. (1997) found that 
deforestation, or the destruction of soil protective cover, leads to lower soil quality, thus decreasing the 
productivity of the natural soil. Desertification is a major environmental problem caused by unsustainable 
land management practices and climate change. The imbalance of power and access to strategic resources 
among different groups in a given society can be a driver of desertification (World Resource Institute, 2005). 

  

Driver

Population and 
economic 

growth,  agr. 
intensification, 
agriculture, etc. 

Pressure

Soil protective 
cover

State

Erosion,  TSOM, 
etc.

Impact

Human health,  
lifelihood, 

biodiversity, 
etc. 

Response

Aforestation, 
winter crop,  

conservation, 
etc.
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Linkage to soil functions: Linkage to soil threats: 

 

 X Biomass production  x Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

x 
Organic matter decline 

  

X Biodiversity pool  Contamination 

      

X Carbon pool  Salinisation 

      

x Physical and cultural environment for 
humans and human activities 

 
Compaction 

  

 Source of raw materials x Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

 
Sealing 

  

  x Landslides and flooding 

       

 

Sustainability evaluation: 
An increase in soil protective cover is considered more sustainable. 
A decline in soil protective cover is considered less sustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
N 14 – Total soil organic matter (TSOM) 

Brief definition: 
The total organic fraction of soil, exclusive of 

undecayed plant and animal residues. 
Unit of measurement: 
% 
Measurement methods/data availability:  
Organic and total carbon measured using the ISO 
10694:1995, or dry combustion method. 
OC:OM ratio is 1:1.72 (Jones et al., 2004) 
Data can be found in The European Soil Database 
and some national databases (JRC, 2010). 
Scale: 
EU, National, Watershed, Plot 
Time scale: 
Annual 
Placement in the indicator set: 
Nature – Soil properties – Biological   
 

Relevance to soil sustainability: 
SOM is fundamental in the maintenance of soil health. Maintenance of SOM is important for sustainable use 

of soil resources due to the multiple effects of SOM on a number of soil functions that are important to 
sustainable ecosystems, such as sustaining plant and animal productivity, maintain or enhance water and air 
health, and support human health and habitation (Dalal et al., 2003). Soil organic matter contains every nutrient 
needed for plant growth, because it inherits the component of plant residues (Troeh & Thompsson, 2005: 6). Soil 
organic matter is a product of biological decomposition and it affects the chemical and physical properties of the 
soil as well as overall soil health. Nutrient exchanges between SOM, water and soil are essential to soil fertility 
and need to be maintained for sustainable production purposes. SOM provides nutrients and habitat to 
organisms living in the soil, as well as binding soil particles into aggregates and improving soil structural stability 
and soil water holding capacity (Bot & Benites, 2005) and reduces erosion risk. 

Short sighted farming land management systems have tended to reduce TSOM levels through repetitive 
harvesting of crops and inadequate efforts to replenish nutrients and restore soil quality. Only carefully 
selected diversified cropping systems or well–managed mixed crop–livestock systems are able to maintain a 
balance in nutrient and organic matter supply and removal (Bot & Benites, 2005).  

Loss of soil organic matter has been recognized as one of the most serious process of soil degradation of 
the eight major threats identified. It is imperative that TSOM is maintained and sustained at satisfactory 
levels to ensure sustainable management of land. SOM is extremely important in all soil processes. A 
decrease in SOM content is therefore an indicator of a reduction in quality in most soils (Jones et al., 2004). 

  

Driver

Economic and 
population 

growth, 
agriculture, 

forestry, etc.
Pressure

Land 
management, 

land use, . 

State

TSOM

Impact

Soil water 
retention, 

yield, 
biodiversity 

Response

Input of 
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Linkage to soil functions: Linkage to soil threats: 

 X Biomass production   Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

x 
Organic matter decline 

  

X Biodiversity pool  Contamination 

      

X Carbon pool  Salinisation 

      

x Physical and cultural environment for 
humans and human activities 

 
Compaction 

  

 Source of raw materials x Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

 
Sealing 

  

   Landslides and flooding 

       

 

Sustainability evaluation: 
An increase in TSOM is considered more sustainable.  
A decline in TSOM is considered less sustainable. 
No threshold value (Huber et al., 2008) has been identified. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
E 1– Economic value of soil ecosystem services 

Brief definition: 
Economic value of soil ecosystem services, 
contributed to GDP. (Soil capital) 
Unit of measurement: 
€ 
Measurement methods/data availability:  
Measurement method and database not 
identified. 
Scale: 
National, Seasonal 
Time scale: 
Annual, Seasonal 
Placement in the indicator set: 
Economy –  Economic value of soil ecosystem 
services 

 
 

Relevance to soil sustainability: 
Soil, as basic substrate for many ecosystems and human activity, provides an array of “free” ecosystem 

services such as purification of water, provision of food, fiber and materials, recycling of wastes, flood 
mitigation, climate regulation, habitat for crops etc. (Dominati et al., 2010). Soil resources, like other natural 
resources, are economic assets, whether or not they enter the marketplace. Conventional measures of 
national economic performance and wealth, such as GDP and Standard National Accounts, do not reflect 
natural capital stocks or flows of ecosystem services, contributing to the economic invisibility of nature 
(TEEB, 2010). When the valuation of soil ecosystem services is missing at the policymaking level, the costs of 
soil services losses can go unnoticed (TEEB, 2009), compromising the sustainability of humans in the 
biosphere (Constanza et al., 1997). An economic valuation of soil services can help to recognize values of 
the services provided by soils and may guide management. Demonstrating the full range of ecosystem 
service values can also help to increase awareness and commitment to sustainable management of soils 
(TEEB, 2010). 

One of SoilTrECs main goals is to quantify the economic value of soil ecosystem. As that part of the project 
has not yet finalised, it is not possible to further develop this indicator. It will however be fully develop in the 
final version of the SIFS indicator set. 

  

Driver

Contribution 
of soils to 

GDP

Pressure

Inappropriate 
agr. methods

State

Various soil 
properties

Impact

Economic loss due 
to deterioration  

or loss of soil 
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Response
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etc.
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Linkage to soil functions: Linkage to soil threats: 

 

 x Biomass production  x Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

x 
Organic matter decline 

  

X Biodiversity pool x Contamination 

      

X Carbon pool x Salinisation 

      

X Physical and cultural environment for 
humans and human activities 

x 
Compaction 

  

X Source of raw materials x Soil biodiversity loss 

      

X Archive of geological and archeological 
heritage 

x 
Sealing 

  

  x Landslides and flooding 

       

 

Sustainability evaluation: 
The part of the SoilTrEC project that will quantify the economic value of soil ecosystem has not yet finalizes 
and therefore it is not possible, for the time being, to evaluate this indicator in terms of sustainability. 
For the time being it can be said that maximization of the provisioning of ecosystem services of soils is 
considered more sustainable. 
Data visualisation: 
The part of the SoilTrEC project that will quantify the economic value of soil ecosystem has not yet finalizes 
and therefore it is not possible, for the time being, to evaluate this indicator in terms of sustainability. 
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SIFS Indicator Fact Sheet 
E 2– Economic loss of soil degradation 

Brief definition: 
Estimation of the costs of soil function 
deterioration caused by unsustainable soil 
management, related to GDP. 
Unit of measurement: 
Unit of measurement not identified. 
Measurement methods/data availability:  
Measurement method not identified. 
Görlach et al. (2004) is a study commissioned by 
the European Commission to assess the 
economic impacts of soil degradation. The 
estimates were based man–made impacts of soil 
functions, more specifically soil erosion, soil 
contamination and soil salinisation. The 
estimation was limited by data availability and 
therefore do not provide a comprehensive 
picture. 
 
Data for GDP can be found in national statistical 
agencies databases and Eurostat (available at  
http://epp.eurostat.ec.europa.eu). 
Scale: 
EU, National, Farm 
Time scale: 
Annual, Seasonal 
Placement in the indicator set: 
Economy – Economic value of soil ecosystem 
services 

 

 

Relevance to soil sustainability: 
Soil, as basic substrate for many ecosystems and human activity, provides an array of “free” ecosystem 

services such as purification of water, provision of food, fiber and materials, recycling of wastes, flood 
mitigation, climate regulation, habitat for crops etc. (Dominati et al., 2010). The destruction of nature has 
now reached levels where serious social and economic costs are being felt and will be felt at an accelerating 
pace if we continue with ‘business as usual’ (TEEB, 2010). Unsustainable soil management leads to a 
deterioration and even loss of important soil functions. Assessing and recognizing the economic cost of soil 
degradation is an important step towards achieving a more efficient and sustainable use of soils. 

One of SoilTrECs main goals is to quantify the economic value of soil ecosystem services. As that part of the 
project has not yet finalised, it is not possible to further develop this indicator. It will however be fully 
develop in the final version of the SIFS indicator set 

  

Driver

Agriculture, 
industry, 
disasters, 

population 
growth, etc. Pressure

Waste, 
emissions, 
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agr. methods, 

etc.
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Linkage to soil functions: Linkage to soil threats: 

 X Biomass production  X Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

X Biodiversity pool X Contamination 

      

X Carbon pool X Salinisation 

      

X Physical and cultural environment for 
humans and human activities 

X 
Compaction 

  

X Source of raw materials X Soil biodiversity loss 

      

x Archive of geological and archeological 
heritage 

X 
Sealing 

  

  x Landslides and flooding 

       

 

Sustainability evaluation: 
Any measured gains, due to soil improvements in considered more sustainable. 
Any measured economic loss due to soil degradation is considered less sustainable. 
Data visualisation: 
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recommendations of TEEB.  Welzel+Hardt, Wesseling, Germany. 
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SIFS Indicator Fact Sheet 
E 3– Land use changes 

Brief definition: 
Land use index. 
Unit of measurement: 
Unit of measurement not identified.

 

Measurement methods/data availability:  
Measurement methods not identified. 
Data can be found in Corine (available online at 
http://www.eea.europa.eu), Modis (available 

online at http://modis-land.gsfc.nasa.gov/) or 
Lucas (available online at http://www.lucas-
europa.info) databases and in national 
databases. 
Scale: 
EU, National, Farm 
Time scale: 
Annual, Seasonal 
Placement in the indicator set: 
Economy – Consumption patterns – Land use. 

 

 

Relevance to soil sustainability: 
Land use connects humans to the biophysical environment. Land is a limited resource and land use is ultimately 

about balancing the competing demands for the finite quantity of land available. One type of land use often 
excludes the possibility of another type of land use. Soil is the basis for land use and land use is one of the main 
drivers of changes in soil that can significantly change soil properties and functions (Braimoh & Vlek, 2007:1). Land 
use is an external factor that represents degradation pressure on soil (Tóth et al., 2008:16). Land use changes are 
one of the main drivers of GHG emissions (IPCC, 2007) but can also positively affect soil functions and quality. 

One of SoilTrECs main goals is to compare different agricultural systems in terms of sustainability. As that 
part of the project has not yet finalised, it is not possible to further develop this indicator. It will however be 
fully develop in the final version of the SIFS indicator set. 

  

Linkage to soil functions: Linkage to soil threats: 

 X Biomass production  X Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

X Biodiversity pool X Contamination 

      

X Carbon pool X Salinisation 

      

X Physical and cultural environment for 
humans and human activities 

X 
Compaction 

  

X Source of raw materials X Soil biodiversity loss 

      

x Archive of geological and archeological 
heritage 

X 
Sealing 

  

  x Landslides and flooding 

       

 

Driver

Economic and 
population 

growth, 

Pressure

Land use 
changes

State

Various soil 
properties e.g. 

TSOM

Impact

Affects  various 
soil functions

Response

Land use 
policies and 
restrictions



87 

 
  

Sustainability evaluation: 
Decreases in land uses that are considered less sustainable, is considered more sustainable 
Increase in land uses that are considered less sustainable, is considered less sustainable 
Data visualisation: 

 
 

References 
Braimoh, A.K. & Vlek, P.L.G. 2007. Land Use and Soil Resources. Springer, Heidelberg. 
IPCC (Intergovernmental Panel on Climate Change). 2007. Summary for Policymakers. In: Solomon, S. Qin, 

D. Manning, M. Chen, Z. Marquis, M Averyt, K.B. Tignor M.& Miller H.L. (eds.). 2007. Climate Change 
2007: The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment Report of 
the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, United 
Kingdom and New York, NY, USA. 

Tóth, G., Montanarella, L. & Rusco, E. (eds). 2008. Threats to Soil Quality in Europe. JRC, Office for Official 
Publications of the European Communities, Luxemburg. 
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SIFS Indicator Fact Sheet 
E 4– Waste generation intensity 

Brief definition: 
Total waste generated, by treatment. Includes 
municipal, industrial and construction waste 
(exc. agricultural waste). 
Unit of measurement: 
Tonnes and % 
Measurement methods/data availability:  
Data, for different sectors, and measurement 
methods found on Eurostat webpage (available 
at epp.eurostat.ec.europa.eu). 
Scale: 
EU, National, Farm 
Time scale: 
Annual 
Placement in the indicator set: 
Economy – Consumption patterns – Waste 

 
 

Relevance to soil sustainability: 
The EU´s Sixth Environment Action Programme identifies waste prevention and management as one of four top 

priorities in becoming more sustainable (EC, 2001). Quantity of waste is linked to economic growth and is an 
indicator of a society´s material efficiency. Excessive waste represents an enormous loss of resources in the form 
of materials and energy (EEA, 2001). The impact waste and waste management has on soil includes: leaching of 
nutrients and toxic compound from landfills; land take for landfills and other facilities that are used to manage 
waste; emissions of GHGs and air pollution from landfills and incinerators. Toxic byproducts from incinerators and 
increased transport with heavy lorries which consequently leads to more emissions of GHGs (Renner, 2000). 

  

Linkage to soil functions: Linkage to soil threats: 

 X Biomass production   Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

 
Organic matter decline 

  

X Biodiversity pool x Contamination 

      

 Carbon pool  Salinisation 

      

x Physical and cultural environment for 
humans and human activities 

 
Compaction 

  

x Source of raw materials x Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

x 
Sealing 

  

   Landslides and flooding 

       
 

Driver

Economic 
growth, 

consumption

Pressure

Waste

State

Chemical 
and 

biological 
properties 

Impact

Human health, loss 
of other soil 

functions such as 
biomass production

Response

E.g. EU Waste 
Management 

Policy, 
composting 

etc.
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Sustainability evaluation: 
A decrease in the total amount of waste is considered more sustainable. 
An increase in the total amount of waste is considered less sustainable.  
 
Increase in waste recovery (recycling and reusing) is considered more sustainable. 
Data visualisation: 
 
Total waste 

 
Waste recovery as a % of total waste generated 

 
 

References 
EEA – European Environment Agency. 2001. Indicator Fact Sheet Signals 2001 – Chapter Waste. 

http://www.eea.europa.eu/data–and–maps/indicators/total–waste–generation 
EC (European Commission). 2001. Sixth Environment Action Plan 2001–2010. European Commission, rue de 

la Loi 200, B-1040 Brussels. 
Renner, R. 2000. Indicator Fact Sheet Signals 2001 – Chapter Waste. European Environment Agency, 

Copenhagen. 
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SIFS Indicator Fact Sheet 
E 5– Organic waste composted 

Brief definition: 
Proportion of total biodegradable municipal 
waste composted. 
Biodegradable municipal waste is waste that is 
capable of undergoing anaerobic decomposition, 
such as food and garden waste, and paper and 
paperboard. 
Unit of measurement: 
% 
Measurement methods/data availability:  
The EEA has data for some European countries. 
Indicator called BMW management routes (% of 
total BMW produced) in Crowe et al. (2002). 
Scale: 
EU, National,  
Time scale: 
Annual 
Placement in the indicator set: 
Economy – Consumption patterns – Waste 

 

 

Relevance to soil sustainability: 
Composting is a way of generating soil organic matter and can be seen as a way to return the nutrient 

taken from the soil through harvesting. Organic matter from organic waste can have a beneficial effect on 
soil physical, chemical and biological characteristics, such as:  

 Improved soil structure, porosity and density, improving root environment;  

 Increased infiltration and permeability,; 

 reducing runoff and erosion;  

 Improved water holding capacity, reducing water loss and leaching in sandy soils;  

 Control / suppression of soil–borne pathogens;  

 Cation exchange capacity of soils / growing media improved (so increasing ability to hold 
nutrients for plant use); 

 Supply of beneficial micro–organisms to soils and growing media; 

 Improves / stabilises soil pH;  

 Potential to bind and degrade some pollutants; and  
Potential to facilitate associations with mycorrhyzal fungi in soil (which are important in facilitating the 

uptake of micronutrients from the soil ( Hogg et al., 2002). 

  

Driver

Agriculture, 
consumption

Pressure

Harvesting, 
waste

State

TSOM, soil 
nutrient  

availability etc.

Impact

Deterioration  
or loss of soil 

functions

Response

Composting
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Linkage to soil functions: Linkage to soil threats: 

  Biomass production   Erosion 

     

x Storing, filtering and transforming 
nutrients, substances and water 

x 
Organic matter decline 

  

x Biodiversity pool  Contamination 

      

x Carbon pool  Salinisation 

      

x Physical and cultural environment for 
humans and human activities 

 
Compaction 

  

x Source of raw materials x Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

 
Sealing 

  

   Landslides and flooding 

       

 

Sustainability evaluation: 
An increase in the proportion of composted of biodegradable municipality waste is considered more 
sustainable. 
A decrease in considered less sustainable. 
Data visualisation: 

 
 

References 
Crowe, M., Nolan, K., Collins, C., Carty, G., Donlon, B. & Kristoffersen, M. 2002. Biodegradable Municipal Waste 

Management in Europe – Part 1: Strategies and Instruments. European Environment Agency, Copenhagen. 
Hogg, D., Favoino, E., Nielsen, N., Thompson, J., Wood, K., Penschke, A., Economides, D. & Papageorgiou, S. 2002. 

Economic Analysis of Options for Managing Biodegradable Municipal Waste – Final Report to the European 
Commission. Eunomia Research & Consulting, Bristol. 
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SIFS Indicator Fact Sheet 
E 6– Yield 

Brief definition: 
Changes in average crop yields. 
Unit of measurement: 
Tonnes/ha 
Measurement methods/data availability:  
Data can be found at Faostat (available at 
faostat.fao.org), Eurostat (available at 
http://epp.eurostat.ec.europa.eu) and 
national statistical agencies. 
Scale: 
EU, National, Watershed, Farm, Plot 
Time scale: 
Annual,  
Placement in the indicator set: 
Economy – Industry Specific Indicators– 
Productivity. 

 
 

Industry specific: 

      

x Agriculture x Forestry 

      

 

Relevance to soil sustainability: 
Improving soil quality is a key element in increasing yields and reducing risk and yield variability. Soil quality 
is one of many variables that influences agricultural yield, which in turn, is one of many factors that 
influences food consumption, food availability and farm income. Some of the most important factors are 
nutrient content, water holding capacity, organic matter content, soil reaction (acidity), topsoil depth, 
salinity and soil biomass.  
Soil degradation is a long–term decline in production potentials of the soil. There is a clear causal link 
between soil degradation and yield reduction per hectare. Lower yield due to soil degradation may not 
show up in intensive, high–input systems until yields are approaching their ceiling. Soil quality contributes 
relatively more to agricultural productivity in low– input production systems (Scherr, 1999). 

  

Driver

Population 
growth, 

agriculture, etc.
Pressure

Inappropriate 
agr. methods, 

waste, soil 
sealing,  etc.

State

Soils nutrient 
content, water 

holding capacity, 
TSOM, pH, CEC, 

biomass, etc.

Impact

Yield

Response

Appropiate 
agr. methods, 

policy,  



93 

  

Linkage to soil functions: Linkage to soil threats: 

 x Biomass production  X Erosion 

     

 Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

 Biodiversity pool X Contamination 

      

 Carbon pool X Salinisation 

      

 Physical and cultural environment for 
humans and human activities 

X 
Compaction 

  

 Source of raw materials X Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

X 
Sealing 

  

  x Landslides and flooding 

       

 

Sustainability evaluation: 
 
Data visualisation: 

 
 

References 
Scherr, S. 1999. Soil Degradation: A Threat to Developing–Country Food Security by 2020? Food, 

Agriculture and the Environment Discussion Paper: 27. International Food Policy Research 
Institute. Washington, D.C. 
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SIFS Indicator Fact Sheet 
E 7– Return on equity (ROE) 

Brief definition: 
Return on Equity. 
Unit of measurement: 
% and %  without subsidies. 
Measurement methods/data availability:  
Net income from operations divided by average 
equity. 
Data for whole sectors can be found in National 
Statistical Agencies databases. 
Scale: 
EU, National, Farm 
Time scale: 
Annual 
Placement in the indicator set: 
Economy – Industry Specific Indicators– 
Economic viability 

 
 

Industry specific: 

      

x Agriculture x Forestry 

      

 

Relevance to soil sustainability: 
Economic viability of soil management systems is an important part of sustainable soil management 

(Francis et al., 2006), equally important as ecological soundness and social responsibility of soil 
management systems (Smyth & Dumanski, 1995).  

ROE is the most comprehensive indicator of profitability (Hawawini & Viallet, 2006) and as such is an 
important determinant of economic viability. It considers the operating and investment decisions during the year 
as well as financing and tax–related decisions (Hawawini & Viallet, 2006), to show the efficiency of use of owners 
capital. Financial self–sustainability is achieved when the return on equity, equals or exceeds opportunity cost 
(Yaron, 1994). A soil management system that is not economically viable and profitable for the operator or the 
society, of which it is a part, is not sustainable and will not thrive (van Biggelar & Suvedi, 2000). A negative ROE 
indicates that the costs have exceeded the returns generated by the farms capital, indicating financial stress. 

ROE is best used to benchmark companies (or farms) in the same business, or same industries in different 
countries.  

  

Driver

Return on 
equity

Pressure

Inappropriate 
agr. methods

State

TSOM, pH, 
CEC, aggregate 

stability etc. 

Impact

Returns on 
equity

Response

Policies on f.exc. 
subsidies or 

appropriate agr. 
methods,  
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Linkage to soil functions: Linkage to soil threats: 

 x Biomass production  X Erosion 

     

 Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

 Biodiversity pool X Contamination 

      

 Carbon pool X Salinisation 

      

 Physical and cultural environment for 
humans and human activities 

X 
Compaction 

  

 Source of raw materials X Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

X 
Sealing 

  

  x Landslides and flooding 

       

 

Sustainability evaluation: 
If the ROE is less than the inflation rate, then the equity of farm is reduced by the difference (Ledgerwood, 
1999), making inflation rates the threshold value. 
ROE ration above inflation rates is considered more sustainable.  
ROE ration below inflation rates is considered less unsustainable.  
Data visualisation: 

 
 

References 
Francis, C.R., Poincelot, C.R. & Bird, G.W. (eds.). 2006. Developing and Extending Sustainable Agriculture: A New 
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Managing for Value Creation. 3
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 edition. South–Western College Publishing. 
Ledgerwood, J. 1999. Sustainable Banking with the Poor: Microfinance Handbook: in institutional and financial 

perspective. The World Bank, Washington D.C. 
Smyth, A. J. & Dumanski, J. 1995. A framework for evaluating sustainable land management. Canadian Journal of 

Soil Science. Vol. 5, pp. 401–406. 
van Biggelar, C. & Suvedi, M. 2000. Farmers´definitions, goals, and bottlenecks of sustainable agriculture in the 

North–Central Region. Agriculture and Human Values. Vol. 17, pp. 347–358. 
Yaron, J. 1994. What makes rural finance institutions successful? World Bank Research Observer. Vol. 9, No. 1, pp. 

49–70. 
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SIFS Indicator Fact Sheet 
E 8– Debt to asset ratio 

Brief definition: 
Total liabilities divided by total assets. 
Unit of measurement: 
% 
Measurement methods/data availability:  
Total debt/Total Assets*100 
FADN (Farm accountancy data network) 
database collects national data for the whole 
agricultural sector in EU countries and is hosted 
by Eurostat (available at 
http://epp.eurostat.ec.europa.eu). 
Scale: 
EU, National, Farm 
Time scale: 
Annual 
Placement in the indicator set: 
Economy – Industry Specific Indicators– 
Economic viability 

 
 

Industry specific: 

      

x Agriculture x Forestry 

      

 

Relevance to soil sustainability: 
The debt to asset ratio shows the overall financial risk of a farm/forester. It shows the extent to which a 

company’s assets are financed by debt capital versus equity capital. A high value indicates higher risk, 
whereas low value, lower risk (Olson, 2004:212). The debt to asset ratio is an important indicator of 
financial health of businesses as it indicates how much the operation is leveraged and the ability to pay 
total liabilities through assets. 

The larger the ratio, the greater the probability of cash flow problems. Most commercial farms begin to 
experience difficulty meeting principal repayment commitments at debt–to–asset ratio of about 40 %. A 
more critical point is reached when the debt–to–asset ratio exceeds 70 %. Above this point, most farms have 
difficulty meeting interest payment s and other current expenses (Leistritz et al., 2009). 

  

Driver

Pressure

StateImpact

Response
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Linkage to soil functions: Linkage to soil threats: 

 x Biomass production  X Erosion 

     

 Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

 Biodiversity pool X Contamination 

      

 Carbon pool X Salinisation 

      

 Physical and cultural environment for 
humans and human activities 

X 
Compaction 

  

x Source of raw materials X Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

X 
Sealing 

  

  x Landslides and flooding 

       

 

Sustainability evaluation: 
Less than 40% is considered more sustainable, the less the better. 
40% is the threshold value. 
70% is considered less sustainability.  
If debt equals or exceeds assets (100% +), then the farmer or forester is technically bankrupt. 
Data visualisation: 

 
 

References 
Olson, K.D. 2004. Farm Management: Principles and Strategies. Iowa State Press, Ames, Iowa. 
Leistritz, F.L., Hardle, W.C., Ekstom, B.L. & Leholm, A.G. 2009 . Financial well–being of North Dakota Farm 

Families. Farm Research. Vol. 45, No. 1. 
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SIFS Indicator Fact Sheet 
E 9– Energy returns on investment (EROI) 

Brief definition: 
The ratio of the energy output to both direct and 
indirect energy input. 
Unit of measurement: 
EROI 
Measurement methods/data availability:  
EROI = Quantity of energy supplied divided by the 
quantity of energy used by the process.  
No database found 
Scale: 
EU, National, Farm 
Time scale: 
Annual 
Placement in the indicator set: 
Economy – –Industry Specific Indicators–Capital 
intensity 

 
 

Industry specific: 

      

x Agriculture x Forestry 

      

 

Relevance to soil sustainability: 
EROI measures the energy that is obtained from a soil derived products and the amount of energy used 

during the process of producing the biofuel. EROI shows how effectively energy resources are being used in 
soil management systems. It measures the energy sufficiency of biomass production and can also be an 
indicator of environmental impact (Conforti & Giampietro, 1998). When the EROI value is higher than one, 
it means the quantity of energy supplied is more than the energy used (Hammerschlag, 2006). 

Efficient energy use is one of the conditions for sustainable development because it encourages 
financial savings, fossil resources preservation and air pollution decrease (Pervanchon et al., 2002). The 
energy sources on which modern agriculture is based on is mainly non–renewable fossil fuels, causes 
pollution, but at the same time enables high productivity (Pimentel et al., 1998).  

Efficient energy use by soil management sectors is one of the conditions to ensure sustainable 
management since it allows financial savings, the preservation of fossil resources and a decrease in air 
pollution. Lowering the energy used in soil related industries, as well as other industries, is especially 
important now that petroleum resources are becoming scarcer and prices are increasing. 

  

Driver

Agriculture, 
forestry

Pressure

EROI

StateImpact

ROE, 

Response

Energy 
saving 

techniques
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Linkage to soil functions: Linkage to soil threats: 

 x Biomass production  X Erosion 

     

 Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

 Biodiversity pool X Contamination 

      

 Carbon pool X Salinisation 

      

 Physical and cultural environment for 
humans and human activities 

X 
Compaction 

  

x Source of raw materials X Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

X 
Sealing 

  

  x Landslides and flooding 

       

 

Sustainability evaluation: 
A rising EROI is considered more sustainable. 
A declining EROI is considered less sustainable. 
Data visualisation: 

 
 

References 
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SIFS Indicator Fact Sheet 
E 10– Fossil energy intensity 

Brief definition: 

The ratio between gross fossil energy 

consumption and GDP. 
Unit of measurement: 
Megajoules of fossil energy per constant dollar 
of GDP. 
Measurement methods/data availability:  
Data available on Eurostat´s (available at 
http://epp.eurostat.ec.europa.eu) and national 
statistical agencies. 
Scale: 
EU, National, Farm 
Time scale: 
Annual 
Placement in the indicator set: 
Economy – Industry Specific Indicators– Capital 
intensity 

 
 

Industry specific: 

      

x Agriculture x Forestry 

      

 

Relevance to soil sustainability: 
Reducing emissions per unit of energy consumed consequently reducing the energy intensity of economic growth, 

is an important components of sustainable development (Newbery, 2003). Fossil energy intensity is an indicator of 
the environmental pressures originating from fossil energy consumption. The main impacts of fossil energy include 
emissions of greenhouse gases (GHGs) that cause climate change (IPCC, 2007), and the emission of other air 
pollutants that can cause acid rain which can result in acidification of soils (Singh & Agrawal, 2006). 

  

Linkage to soil functions: Linkage to soil threats: 

 X Biomass production  x Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

x 
Organic matter decline 

  

x Biodiversity pool x Contamination 

      

x Carbon pool  Salinisation 

      

 Physical and cultural environment for 
humans and human activities 

 
Compaction 

  

 Source of raw materials x Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

 
Sealing 

  

   Landslides and flooding 

       

Driver

Agriculture

Pressure

Fossil fuel use 
=> climate 

change, acid 
rain, use of 

heavy machines

State

Soils physical, 
chemical and 

biological 
properties, 

erosion.

Impact

Loss of soil 
fertility and 

reduced 
plant growth 

etc.

Response

Fossile fuel 
reduction 
policies, 
carbon 

sequestration
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Sustainability evaluation: 
A decreasing fossil energy intensity is considered more sustainable. 
An increase in fossil energy intensity is considered less sustainable. 
Data visualisation: 

 
 

References 
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the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, United 
Kingdom and New York, NY, USA. 
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SIFS Indicator Fact Sheet 
E 11– Chemical fertilizer use intensity 

Brief definition: 
The amount of the artificial and inorganic fertilizers 
– nitrogen (N), potash (K2O), and phosphate (P2O5), 
– consumed in agriculture and forestry on an 
annual basis (based on FAO, 2009). 
Unit of measurement: 
Kg/ha 
Measurement methods/data availability:  
National data for most European countries 
available at FAOSTATS webpage (available at  
http://faostat.fao.org). 
Scale: 
EU, National, Farm 
Time scale: 
Annual 
Placement in the indicator set: 
Economy – Industry Specific Indicators– Capital 
intensity. 

 

 

Industry specific: 

      

x Agriculture x Forestry 

      

 

Relevance to soil sustainability: 
Fertilizer use are thought of as essential in meeting growing food demands but can have serious effects 

on soil and ecosystem sustainability. Fertilizers are organic (e.g. manure), inorganic (e.g. from mines) and 
artificial (e.g. made from industrial waste or crude oil). The type of fertilizer used and the efficiency of its 
use are essential in determining its sustainability. N fertilization exacerbates soil

 
carbon loss (Khan et al., 

2007). Fertilization can cause acidification (Rengel, 2003: 48) eutrophication and trace–mineral depletion,  
Artificial and inorganic fertilizers are also produced in an unsustainable manner and increase energy use and 
greenhouse gas emissions. 

  

Driver

Agriculture

Pressure

Fertilizer 
use intensity

State

pH, nutrient 
availability, 
TSOM, OC, 

Impact

Eutrophication, 
OC loss,  declining 
ROE, Higer short 

term yields

Response

Legislation, 
policy, 

consumer 
pressure
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Linkage to soil functions: Linkage to soil threats: 

 X Biomass production   Erosion 

     

x Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

X Biodiversity pool X Contamination 

      

x Carbon pool  Salinisation 

      

 Physical and cultural environment for 
humans and human activities 

 
Compaction 

  

 Source of raw materials X Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

 
Sealing 

  

   Landslides and flooding 

       

 

Sustainability evaluation: 
A decreasing fertilizer use intensity is considered more sustainable. 
An increase in fertilizer use intensity is considered less sustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
E 12– Pesticide use intensity 

Brief definition: 
The amount of pesticide used per hectare. 
Unit of measurement: 
Kg/ha 
Measurement methods/data availability:  
OECD is currently developing an indicator for 
pesticide use. May be useful once finalised. 
The EU funded PURE project (Pesticide Use–and–
risk Reduction in European farming systems with 
Integrated Pest Management) has recently 
started. Its focus is on developing integrated 
pest and disease management techniques for 
major EU crops. The outcome of the PURE 
project will potentially be helpful for further 
developing this indicator (Modeste, 2011). 
National data found at national statistical 
agencies. 
Scale: 
EU, National, Farm 
Time scale: 
Annual 
Placement in the indicator set: 
Economy –  Industry Specific Indicators– Capital 
intensity 

 

 

Industry specific: 

      

 Agriculture  Forestry 

      

 

Relevance to soil sustainability: 
There are huge environmental and social costs associated with pesticide use. These include human and 

domestic animal poisoning, loss of biodiversity both fauna and flora which include reduced natural enemy 
populations and honeybee poisoning, groundwater poisoning, soil and water pollution, human health 
effects such as cancer and sterility (Pimentel et al., 1992). 

Microorganisms are major soil decomposers driving key processes such as organic matter decomposition, 
nutrient cycling and, thereby, plant productivity (Devare et al., 2007). Continuous application of pesticides 
may result in soil pollution that can effect soil microorganisms and the processes driven by them (Cycon et 
al., 2006). Pesticides are used in agriculture to regulate plant growth or for other purposes and have the 
potential to kill or control harmful organisms (European Commission, 2006). Intensive use of pesticides in 
agriculture and forest plantations represents a permanent risk of soil and waters contamination due to their 
involvement in diverse environmental processes (Palma et al., 2004). Pesticide half–lives are obtained in the 
laboratory at ambient conditions. In nature, the temperatures are on the average lower outside of the 
tropics, and therefore the half–lives of pesticides can be much longer (rates go down by a factor of 2 for 
each 10

o
C (Ragnarsdottir, 2000). 
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Linkage to soil functions: Linkage to soil threats: 

  Biomass production   Erosion 

     

x Storing, filtering and transforming 
nutrients, substances and water 

x 
Organic matter decline 

  

x Biodiversity pool x Contamination 

      

 Carbon pool  Salinisation 

      

x Physical and cultural environment for 
humans and human activities 

 
Compaction 

  

 Source of raw materials x Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

 
Sealing 

  

   Landslides and flooding 

       

 

Sustainability evaluation: 
A decreasing pesticide use intensity is considered more sustainable. 
An increase in pesticide use intensity is considered less sustainable. 
Data visualisation: 

 
 

References 
Cycon, M., Piotrowska–Seget, Z., Kaczynska A. & Kozdrój, J. 2006. Microbiological characteristics of a 

sandy loam soil exposed to tebuconazole and λ–cyhalothrin under laboratory conditions. 
Ecotoxicology. Vol. 15, pp. 639–646. 

Devare, M., Londono–R, L.M. & Thies, J.E. 2007. Neither transgenic Bt maize (MON863) nor tefluthrin 
insecticide adversely affect soil microbial activity or biomass: a 3–year field analysis. Soil Biology 
and Biochemistry. Vol. 39, pp. 2038–2047. 

European Commission. 2006. A thematic strategy on the sustainable use of pesticides. COM(2006) 372 
final – Not published in the Official Journal 

Modeste, S. 2011. Pesticide Use–and–risk Reduction in European farming systems with Integrated Pest 
Management (PURE). http://cordis.europa.eu/ 

Palma, G., Sánchez, A., OLave, Y., Encina, F., Palma, R. & Barra, R. 2004. Pesticide levels in surface waters 
in an agricultural-forestry basin in Southern Chile. Chemosphere. Vol. 57, No. 8, pp. 763-770. 

Pimentel, D., Acquay, H., Biltonen, M., Rice, P., Silva, M., Nelson, J., Lipner, V., Giordano, S., Horowitz, A. 
& D’Amore, M. 1992. Environmental and Economic Costs of Pesticide Use. BioScience. Vol. 42, No. 
10, pp. 750–760. 

Ragnarsdottir K.V. 2000. Environmental fate and toxicology of organophosphate pesticides. Journal of 
the Geological Society. Vol. 157, No. 4, pp. 859–876. 



106 

 

  

SIFS Indicator Fact Sheet 
E 13– Irrigation intensity 

Brief definition: 
Water use intensity in irrigation. 
Unit of measurement: 
Cubic meters per hectare per year. 
Measurement methods/data availability:  
Data for sectors available from national statistical 
agencies. 
Scale: 
EU, National, Farm 
Time scale: 
Annual 
Placement in the indicator set: 
Economy – Industry Specific Indicators– Capital 
intensity 

 
 

Industry specific: 

      

x Agriculture x Forestry 

      

 

Relevance to soil sustainability: 
Water is essential for plants. Water use for irrigation in agriculture is a major driving force behind water 

abstractions that can have both positive and negative environmental effects at the same time. Currently 
70% of water use world–wide is for irrigation (Wisser, 2008) Water use in agriculture has increasingly come 
under pressure from other users of fresh water such as growing urban population and industries (Eurostat, 
20010). The amount of water required for irrigating a hectare of a particular crop depends especially on the 
water retention characteristics of crops and soil, climatic conditions (Flörke & Alcamo, 2004) and irrigation 
systems (i.e. drip irrigation requires the least amount of water) (Colaizzi et al., 2003). 

The main types of impacts on European soils arising from irrigation are: increased erosion of cultivated 
soils on slopes; salinisation and severe pollution by nutrients, pesticides and other farm inputs in areas of 
intensive irrigated agriculture. Indirect impacts on soil can include: the desiccation of former wetlands; the 
destruction of former high nature value habitats; and aquifer exhaustion. Positive impacts include gains to 
biodiversity and landscape in artificial aquatic habitats. Irrigation in Europe is often used to facilitate 
particularly intensive kinds of agricultural production that carries with is a greater use of pesticide and 
fertilizer inputs, by comparison with dryland farming systems as a whole. In many areas where irrigation is 
practised, soils have a low natural fertility and high fertiliser applications are required to obtain significant 
yields (Baldock et al., 2000). 

  

Driver

Agriculture, 
water holding 
capasity of the 

soil

Pressure

Irrigation 
water use 
intensity

State

Soil moisture, 
CEC, biological 

properties, 
erosion etc.

Impact

Biomass  
production, water 
quality,  ROI, ROE, 
loss of farmland

Response

Appropriate 
irrigation 

technique, 
policy , water 

saving



107 

  

Linkage to soil functions: Linkage to soil threats: 

 X Biomass production  x Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

x 
Organic matter decline 

  

X Biodiversity pool x Contamination 

      

x Carbon pool x Salinisation 

      

 Physical and cultural environment for 
humans and human activities 

 
Compaction 

  

 Source of raw materials x Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

 
Sealing 

  

   Landslides and flooding 

       

 

Sustainability evaluation: 
A decreasing irrigation water use intensity is considered more sustainable. 
An increase in irrigation water use intensity is considered less sustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
E 14– Labour intensity 

Brief definition: 
Number of agricultural workers per hectare of 
arable and permanent cropland, number of 
forestry workers per hectare of forestry areas. 
Unit of measurement: 
Workers/ha 
Measurement methods/data availability:  
Data for sectors available from national 
statistical agencies or FAO. 
Scale: 
EU, National, Farm. 
Time scale: 
Annual, seasonal 
Placement in the indicator set: 
Economy – Industry Specific Indicators– Capital 
intensity 

 
 

Industry specific: 

      

x Agriculture x Forestry 

      

 

Relevance to soil sustainability: 
Labour is an important input to agriculture, forestry and other industries. Farm and forestry employment 

makes a significant contribution to national and regional economy, as well as help building community 
cohesion, social stability and cultural identity (Maynard & Green, 2006). Decline in labour intensity is 
typically associated with intensification of farming practise. Skilled labour is replaced with agrochemicals and 
larger machines, as well a shift to increased farm sizes and more specialised and simplified farming systems. 
These changes have lead to a farming population that, in general, is getting smaller, older and is attracting 
fewer young people who are, instead, choosing alternative careers in towns and cities (Green, 2007). 

Intensive farming with lower labour intensity has been associated with reduced biodiversity, soil erosion 
and run–off (Macilwain, 2004). 

Recent research has shown that small scale farmers can double food production by using more sustainable, 
ecological methods (de Schutter, 2011) that are often more labour intensive (Maynard & Green, 2006). 
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Linkage to soil functions: Linkage to soil threats: 

 x Biomass production  x Erosion 

     

x Storing, filtering and transforming 
nutrients, substances and water 

 
Organic matter decline 

  

x Biodiversity pool x Contamination 

      

 Carbon pool  Salinisation 

      

 Physical and cultural environment for 
humans and human activities 

x 
Compaction 

  

 Source of raw materials x Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

 
Sealing 

  

   Landslides and flooding 

       

 

Sustainability evaluation: 
The more workers the more sustainable from a social and nature standpoint. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
E 15– Land management 

Brief definition: 
An index for land management practices. Land 
management refers to the way humans use land, 
and consequently soil. More specifically what is 
grown, and how it is grown. 
It should include, minimum input farming, 
organic farming, Agroforestry, conventional 
farming, etc. 
Unit of measurement: 
Unit of measurement not identified. 
As that part of the project has not yet finalised, it 
is not possible to further develop this indicator. 
Measurement methods/data availability:  
Measurement methods and data not identified. 
Scale: 
EU, National, Farm, Plot. 
Time scale: 
Annual 
Placement in the indicator set: 
Economy – Industry Specific Indicators– Industry 
practices 

 

 

Industry specific: 

      

x Agriculture x Forestry 

      

 

Relevance to soil sustainability: 
This indicator is a very related to land use. Land management practices are a form of land use that 

involves agricultural or horticultural production on land for commercial or subsistence purposes. Land use 
and land management practices have profound effects in soils physical, chemical and biological properties 
(Saggar et al., 2000). Studies have provided evidence that management practice and type of cultivation can 
have more influence on soil biota than different soil types (Fromm et al., 1993). 

One of SoilTrECs main goals is to compare different agricultural systems in terms of sustainability. As that 
part of the project has not yet finalised, it is not possible to further develop this indicator. It will however be 
fully develop in the final version of the SIFS indicator set. 
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Linkage to soil functions: Linkage to soil threats: 

 X Biomass production  x Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

x 
Organic matter decline 

  

X Biodiversity pool x Contamination 

      

X Carbon pool x Salinisation 

      

X Physical and cultural environment for 
humans and human activities 

x 
Compaction 

  

X Source of raw materials x Soil biodiversity loss 

      

X Archive of geological and archeological 
heritage 

 
Sealing 

  

  x Landslides and flooding 

       

 

Sustainability evaluation: 
Decreases in land management practices that are considered less sustainable, is considered more 
sustainable 
Increase in land management practices that are considered less sustainable, is considered less sustainable 
Data visualisation: 
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4.3 Society & Wellbeing Dimension 
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SIFS Indicator Fact Sheet 
SW 1– Access to information and justice 

Brief definition: 
Law that ensure the right of individuals and 
environmental associations to access 
information concerning environmental/soil 
issues that is held by public authorities and the 
right to justice in environmental/soil matters. 
Unit of measurement: 
Ratification or no ratification. 
Measurement methods/data availability:  
E.g. Ratification of the Aarhus Convention (the 
Convention on Access to Information, Public 
Participation in Decision–making and Access to 
Justice in Environmental Matters) (United 
Nations Economic Commission for Europe, 
1998). Or equalent laws. 
Scale: 
EU, National 
Time scale: 
Annual, or less frequent 
Placement in the indicator set: 
Society & wellbeing–Governance level 

 

 

Relevance to soil sustainability: 
Principle 10 of the Rio Declaration on Environment and Development (1992) states that Environmental issues are 

best handled with participation of all concerned citizens, at the relevant level. Soil sustainability, can only be 
improved when everyone, from famers and consumer to industry and government leaders, play their role.  

Access to information is important for all decision making, and it is the first step to public participation in 
planning processes. Public awareness and participation in environmental decisions is encouraged with open access 
to information (Hossack et al., 2007).  

The ability to bring environmental cases before courts corresponds to the possibility of preventing acts that 
might entail major detriment for the environment. The respect for environmental law increases, and 
consequentially the quality of decision making improves, when there is a fear that the decision can become 
subjected to legal control by the courts. Litigation rights for environmental associations acting in the public interest 
also contribute to greater public awareness and to improving participation rights themselves. (Dross et al., 2002). 

Ratification of the Aarhus convention obliges the Contracting Parties to implement information, participation and 
litigation rights for individuals and environmental associations (Dross et al., 2002), making it a good indicator of the 
right of individuals and NGOs to access information and their right to justice. 

  

Driver

E.g. Land 
use planning  

Pressure

E.g. 
contamination

State

Soil 
biodiversity

Impact

Human 
health, yield

Response

Access to 
information and 

justice



115 

 

  

Linkage to soil functions: Linkage to soil threats: 

 X Biomass production  X Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

X Biodiversity pool X Contamination 

      

X Carbon pool X Salinisation 

      

X Physical and cultural environment for 
humans and human activities 

X 
Compaction 

  

X Source of raw materials X Soil biodiversity loss 

      

x Archive of geological and archeological 
heritage 

X 
Sealing 

  

  x Landslides and flooding 

       

 

Sustainability evaluation: 
Ratification is considered more sustainable. 
No ratification is considered less sustainable. 
Data visualisation: 
On national scale 

Ratified =  
Not ratified =  

On EU scale 
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SIFS Indicator Fact Sheet 
SW 2– Government policies  

Brief definition: 
Government policies that encourage land 
degradation or the existence of policies and 
legislation that include intergenerational equity 
and protection of soil (or other aspects of nature 
that are tightly linked to soil e.g. ecosystems, 
biodiversity, groundwater, land use etc.). 
Unit of measurement: 
Unit of measurement has not been identified. 
Measurement methods/data availability:  
Measurement method and data have not been 
identified. 
Scale: 
EU, National 
Time scale: 
Annual, or less frequent 
Placement in the indicator set: 
Society & wellbeing – Governance level 

 

 

Relevance to soil sustainability: 
Inappropriate legal systems are some of the main driving forces that lead to unsustainable soil. 

Legislations and policies have an important role in achieving sustainable land management (Hannam, 2000), 
and consequently sustainable soil management. 

In the same way as grant and subsidies can encourage unsustainable soil management, they can be used 
to encourage sustainable soil management. 

Recognition programs could also be a way to stimulate a greater interest in the conservation and 
protection of soil. Soil conservation recognition programs can give farmers, foresters and other industries 
more initiative to protect the soil. 

Policies leading to unsustainable resource use and lack of supportive infrastructure are major 
contributors to land degradation (WRI, 2008). Inappropriate legal system is one of the main driving forces 
that lead to unsustainable soil. Unsustainable land management practices can be exacerbated by the 
weakness or absence of adequate policies and regulations (Darwick, 2009)..  

Subsidies are a common instrument of public policy making. Grants and subsidies to farmers can 
encourage monoculture, the exploitation of marginal land, excessive use of fertilizers and pesticides, and 
unnecessary irrigation that increase potential pollution and other environmental damage (Pickering & 
Owen, 1994:419). In addition subsidies linked to production have been classified as environmentally 
harmful by the OECD (Schmid et al., 2007). 

An example of a policy that has been criticized for encouraging land degradation is the pre–2003 EU 
Common Agricultural Policy (CAP). It has been argued that the CAP allowed farmers to employ unecological 
ways of increasing production, with serious negative environmental consequences (Desjeux et al. 2007). 
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Linkage to soil functions: Linkage to soil threats: 

 X Biomass production  X Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

X Biodiversity pool X Contamination 

      

X Carbon pool X Salinisation 

      

X Physical and cultural environment for 
humans and human activities 

X 
Compaction 

  

X Source of raw materials X Soil biodiversity loss 

      

X Archive of geological and archeological 
heritage 

X 
Sealing 

  

  X Landslides and flooding 

       

 

Sustainability evaluation: 
Policies and regulations that encourage sustainability are considered more sustainable. 
Policies and regulations that encourage soil degradation are considered less sustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
SW 3– Land tenure security 

Brief definition: 
Property right and land tenure security.  
Unit of measurement: 
Unit of measurement not identified. 
Measurement methods/data availability:  
Legislation for each country needs to be 
analysed. 
No recent studies on land property rights in EU 
found. 
Scale: 
EU, National 
Time scale: 
Annual, or less frequent 
Placement in the indicator set: 
Society & wellbeing – Governance level 

 
 

Relevance to soil sustainability: 
Land tenure regimes are intimately coupled to land use forms. Land tenure security impacts food 

security, environmental sustainability and social security (ECA, 2009:97). Several studies cite the lack of 
secure land tenure as a driver of exhausting cultivation for the simple reason that the farmer has no vested 
interest in conserving an asset that he does not own (Duraiappah, 1996).  

Land tenure differences significantly influence farmers' decisions to invest in land–improving and 
conservation measures. Secure property rights provide a guarantee for farmers to undertake long–term 
investment in land–improving and conservation measures. Secured land rights also make it easier to use 
land as collateral to obtain loans to finance agricultural investments (Abdulai, 2010). 
Strong land tenure security allows farmers to use their capital to invest and gives them more incentives to 
conserve the land and the soil (Abdulai, 2010), because short–term tenants are not likely to invest in long–
term land productivity because they are not likely to reap the returns (Ervin, 1986). 

  

Linkage to soil functions: Linkage to soil threats: 
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Sustainability evaluation: 
Strong property right and land tenure security is considered more sustainable. 
Weak property right and land tenure security is considered less sustainable 
Data visualisation: 

Ratified =  
Not ratified =  
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SIFS Indicator Fact Sheet 
SW 4– Expenditure on soil related research and 

development 
Brief definition: 
Expenditure on soil related research and 
development. 
Unit of measurement: 
% of GDP 
Measurement methods/data availability:  
Measurement method and data not identified. 
Scale: 
EU, National 
Time scale: 
Annual 
Placement in the indicator set: 
Society & wellbeing – Science, technology and 
education 

 
 

Relevance to soil sustainability: 
The funding of scientific activity is necessary for ensuring sustainable development (UNDESA, 2001). An 

important role of science, according to chapter 35 of Agenda 21 is to provide information to policy makers 
and decision makers, to better enable formulation and selection of sustainable environment and 
development policies. The scientific community needs adequate funding, to be able to: enhance scientific 
understanding of soil and soil related issues; improve long–term scientific assessments; strengthen scientific 
capacities, and; ensure that the sciences are responsive to emerging needs provide information regarding 
soil and soil sustainability. 

  

Linkage to soil functions: Linkage to soil threats: 
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Organic matter decline 

  

X Biodiversity pool X Contamination 

      

X Carbon pool X Salinisation 
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Sustainability evaluation: 
An increase in funding is considered more sustainable. 
A reduction in funding is considered less sustainable. 
Data visualisation: 

 
 

References 
UNDESA (United Nations Department of Economic and Social Affairs). 2001. Indicators of sustainable 

development: guidelines and methodologies. United Nations Publications, New York. 



122 

  

SIFS Indicator Fact Sheet 
SW 5– Literacy 

Brief definition: 
The ability to understand, use, reflect on and 
engage with written texts, in order to achieve 
one´s goals, to develop one´s knowledge and 
potentials, and participate in society (OECD, 
2010). 
Unit of measurement: 
% of population 
Measurement methods/data availability:  
Data from the OECD´s Programme for 
International Student Assessment (PISA) 
(Available at http://www.pisa.oecd.org). 
The measurement method chosen is place 
specific. If the country being assessed does not 
take part in the PISA survey (not a member of 
OECD) then the HDI (Human Development Index) 
measurement for literacy is recommended 
(Available at  http://hdr.undp.org/en/). 
Scale: 
EU, National 
Time scale: 
Annual, or less frequent. 
Placement in the indicator set: 
Society & wellbeing – Science, technology and 
education 

 

 

Relevance to soil sustainability: 
Literacy is an essential skill and a key to further learning. Literacy is seen as a predictor of economic and 

social wellbeing and has also been associated with cultural and political participation (OECD, 2010). Chapter 
36 of Agenda 21 clearly states the importance of education as a facilitator of achieving environmental 
awareness, values and skills that are important for sustainable development and effective public 
participation in decision–making. Literacy and education in general is an important tool for generating 
knowledge that links ecological analyses to societal challenges. It is hard to achieve environmental literacy 
without basic literacy (Doucet, 1993).  

Empirical studies have shown that increased female literacy has a significant impact on child mortality 
rates and fertility rates (Shyamsundar, 2002). Illiteracy can, together with poverty and subsistence 
agriculture, be important causes of soil degradation (Eswaran et al., 2001). 
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Linkage to soil functions: Linkage to soil threats: 

 X Biomass production  X Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

X Biodiversity pool X Contamination 

      

X Carbon pool X Salinisation 

      

X Physical and cultural environment for 
humans and human activities 

X 
Compaction 

  

X Source of raw materials X Soil biodiversity loss 

      

x Archive of geological and archeological 
heritage 

X 
Sealing 

  

  x Landslides and flooding 

       

 

Sustainability evaluation: 
An increase in literacy is considered more sustainable. 
A reduction in literacy is considered less sustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
SW 6– Education on sustainability 

Brief definition: 
Proportion of schools with sustainable 
development in their taught curriculum, by 
school level, including agricultural schools. 
Unit of measurement: 
% 
Measurement methods/data availability:  
Survey 
No database found. 
Scale: 
EU, National 
Time scale: 
Annual, or less frequent 
Placement in the indicator set: 
Society & wellbeing – Science, technology and 
education 

 
 

Relevance to soil sustainability: 
Education is a powerful instruments for bringing about the changes required to achieve sustainable 

development (UNESCO, 2005). Education on sustainable development is essential for sustainable 
development, to increasing public awareness and understanding about sustainable development (Council of 
the European Union, 2010). Education is an essential way to nurture critical thinking, to empower people to 
handle both local and global questions related to development and to find solutions for sustainable 
development problems. Adopting a way of life based on the principles of sustainable development is one of 
the biggest national and global challenges humans face in the coming decades. To meet the challenges of a 
sustainable society, the school system as a whole, must incorporate sustainable development into their 
teaching (COPERNICUS–CAMPUS, 2010). 

  

Linkage to soil functions: Linkage to soil threats: 

 X Biomass production  X Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

X Biodiversity pool X Contamination 

      

X Carbon pool X Salinisation 

      

X Physical and cultural environment for 
humans and human activities 

X 
Compaction 

  

X Source of raw materials X Soil biodiversity loss 

      

x Archive of geological and archeological 
heritage 

X 
Sealing 

  

  x Landslides and flooding 

       

Driver
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etc.
Pressure
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practices, 
waste

State

E.g. TSOM , 
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pH, 

Impact

Loss of soil 
functions

Response

Sustainability 
education
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Sustainability evaluation: 
An increase in the proportion of schools with sustainable development in their taught curriculum is 
considered more sustainable. 
A decline in the proportion of schools with sustainable development in their taught curriculum is considered 
less sustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
SW 7– Public awareness on the value of soil 

Brief definition: 
Public awareness of the importance of soil and 
its relationship to human well–being. 
Unit of measurement: 
% 
Measurement methods/data availability:  
This indicator could be measured in the 
Eurobarometer surveys. 
Scale: 
EY, National 
Time scale: 
Annual or every 5 years 
Placement in the indicator set: 
Society & wellbeing – Awareness and public 
participation 

 
 

Relevance to soil sustainability: 
The Soil Thematic Strategy states that there is little public awareness of the importance of soil 

protection and that measures to improve knowledge and exchange information and best practices are 
needed (European Commission, 2006). A survey conducted during the Specific Support Action SoilCritZone 
in 2008 confirmed this (Ragnarsdottir & Mankasingh, 2010) 

Public opinion is a vital factor in influencing politicians and decision makers and is an indicator of the 
attitude towards soil and attitude towards the decisions taken by politicians and public bodies toward the 
protection and management of soil resources (based on: European Environmental Agency, 2002). Public 
awareness indicator provides a barometer for public support and interest and of the motivation of 
individuals at all levels to lead and to take conservation action (IUCN, 2008) 

  

Linkage to soil functions: Linkage to soil threats: 

 X Biomass production  X Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

X Biodiversity pool X Contamination 

      

X Carbon pool X Salinisation 

      

X Physical and cultural environment for 
humans and human activities 

X 
Compaction 

  

X Source of raw materials X Soil biodiversity loss 

      

x Archive of geological and archeological 
heritage 

X 
Sealing 

  

  x Landslides and flooding 

       

Driver

Political and 
economic 
changes

Pressure

Land use 
changes, 

agricultural 
methods

State

Various soil 
functions

Impact

Various soil 
treats 

Response

Public 
awareness
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Sustainability evaluation: 
A rising perception of the value of soil is considered more sustainable.  
A diminishing perception of the value of soil is considered less unsustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
SW 8– Public participation 

Brief definition: 
Effective participation of the public in soil 
conservation and sustainable use of soil 
resources, including nature related activities of 
people within the domains of conservation, 
consumption, and politics (based on: Elands & 
van Koppen, 2007). 
Unit of measurement: 
Unit of measurement not identified. 
No database identified. 
Measurement methods/data availability:  
This indicator will have to be adapted for each 
assessment, as public participation is a very 
culture dependent issue. 
Scale: 
National 
Time scale: 
Annual, seasonal,  
Placement in the indicator set: 
Society & wellbeing – Awareness and public 
participation 

 

 

Relevance to soil sustainability: 
Public participation is seen as a crucial condition in decision making processes and implementation of 

sustainability solutions. To change production and consumption patterns in a sustainable direction, there is 
need for active public participation well as participation of industry and agriculture (Bolshakova et al., 1998). 

Public participation processes for soil conservation and sustainable use of soil resources can f.exc. take 
the form of  

 membership of soil/nature protection organizations, % 

 volunteer work for soil and landscape conservation, % 

 interest in information about soil,  

 visits to nature, forest areas, public green spaces in urban areas,  

 participation in soil/nature policy decision–making. 

 interest and participation in allotments and growing food in gardens within cities. 
Little policy attention has been given to public participation, as an indicator, and there is a need to 

develop it better (Elands & van Koppen, 2007). 

  

Driver

Decision 
and policy  

making

Pressure
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land 

management

State
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Impact
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Linkage to soil functions: Linkage to soil threats: 

 x Biomass production  x Erosion 

     

x Storing, filtering and transforming 
nutrients, substances and water 

x 
Organic matter decline 

  

x Biodiversity pool x Contamination 

      

x Carbon pool x Salinisation 

      

x Physical and cultural environment for 
humans and human activities 

x 
Compaction 

  

x Source of raw materials x Soil biodiversity loss 

      

x Archive of geological and archeological 
heritage 

x 
Sealing 

  

  x Landslides and flooding 

       

 

Sustainability evaluation: 
An increase in public participation is considered more sustainable. 
A decrease in public participation is considered less sustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
SW 9– Human health 

Brief definition: 
Healthy life years (HLY) indicates the number of 
years a person of a certain age can expect to live 
without ill health (Oortwijn et al., 2007). 
Unit of measurement: 
Healthy life years 
Measurement methods/data availability:  
Data for Europe and measurement methods can 
be found on Eurostats webpage (available at 
epp.eurostat.ec.europa.eu). 
Scale: 
EU, National 
Time scale: 
Annual 
Placement in the indicator set: 
Society & wellbeing– Health 

 
 

Relevance to soil sustainability: 
Human health is directly linked to and dependent on the state of health of the ecosystems that support them. 

Land degradation can adversely affect human health by changing the ecology of pathogenic and harmful 
organisms (Peden, 1999). Currently an estimated 40% of world deaths are due to environmental degradation 
(Pimentel et al., 2007).  

Soil degradation affects human nutrition and health through its adverse impacts on quantity and quality of food 
production (Lal, 2009). Majority of minerals essential to human health derives from soil, via food. Ill health, 
associated with the soil, can be caused by concentrations of elements in food or water that are either deficient or 
toxic. Crops grown on soils with low selenium content will lack selenium, causing selenium deficiency in people that 
consume it (McLaughlin at al., 1999). HIV rates in Africa have been linked to low of selenium levels in soil (Foster, 
2002). Consumption of crops grown on soils with high selenium content can also cause selenium poisoning. The 
same goes with crops grown on soil rich with cadmium (Peden, 1999). 

Clean water, filtered and cleaned by the soils, is essential to human health. One consequence of soil degradation 
is reduced water holding capacity and greater likelihood of drought–stressed crops (Peden, 1999). Consumption of 
water, derived from areas with high levels of arsenic, mercury and lead in the soil, may also lead to poisoning 
(McLaughlin at al., 1999). The same goes to many other soil contaminants. Water pollution also is a key source of a 
number of diseases such as diarrhoea, malaria, and cholera (Shyamsundar, 2002). 

Humans are born bacteria free, but pick up essential bacteria’s from their environment (Ouwehand et al., 2002) 
Mycobacterias are found in large numbers in dirt. Early infection of children with some mycobacterias may promote 
strong immune systems (Callahan, 2003). 

People need to be healthy to care for the soil (Eswaran et al., 2001). Poor health make effective management of 
agroecosystems more difficult (Peden, 1999).  

Some of the relations between soil and health are uncertain and the causes disputed, and they require further 
research to validate them (Oliver, 1997). 
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Linkage to soil functions: Linkage to soil threats: 

 x Biomass production  x Erosion 

     
x Storing, filtering and transforming 

nutrients, substances and water 
x 

Organic matter decline 
  

x Biodiversity pool x Contamination 

      
x Carbon pool x Salinisation 

      

x Physical and cultural environment for 
humans and human activities 

x 
Compaction 

  

x Source of raw materials x Soil biodiversity loss 

      
X Archive of geological and archeological 

heritage 
x 

Sealing 
  

  x Landslides and flooding 

       
 

Sustainability evaluation: 
An increase in healthy life years is considered more sustainable. 
A decline in healthy life years is unsustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
SW 10– Bioavailability of essential major and trace elements 

Brief definition: 
The proportion of essential major elements (Ca, P, 
Mg, Na, P, S, Cl) in the diet that are utilized for 
normal metabolic functions (Fairweather–Tait, 
2000; Williams & Schlenker, 2003). 
Unit of measurement: 
Mg/kg 
Measurement methods/data availability:  
Measurement method and data not identified. 
Scale: 
EU, National, Farm 
Time scale: 
Annual or less frequent 
Placement in the indicator set: 
Society – Health 

 
 

Relevance to soil sustainability: 
Soils can adversely affect human health in several ways. Soils contain chemical elements and substances that are 

essential for human health in small quantities. For every essential element there exists a range of safe and adequate 
human intake. Inadequate intake is likely to cause deficiency problems and in extreme cases death and any supply in 
excess may be toxic (Steinnes, 2010). Bioavailability of elements in the soil and factors controlling it, provide a link 
between geology and health (Alloway, 2005). Crops are the basic source of substances and nutrients that are 
essential for human and animal health (Wang et al., 2007), as these play vital roles n human, animal and plant 
metabolism (William & Schlenker, 2001). These essential elements originate from the soil (Alloway, 2005). Major 
elements as required in relatively large amount (William & Schlenker, 2001) 

There are increasing concern at the rise in incidence of micronutrient deficiencies in human populations. 
These deficiencies limit the physical and intellectual capacity of people and adversely affect the health and 
wellbeing of people, consequently restraining national development efforts (Graham & Welch, 2000). From 
the viewpoint of human health, it is of great significance to increase the concentration of essential nutrients 
in the edible parts of crops while at the same time lowering, or at least maintaining in a safe range, the 
concentration of toxic or undesirable elements (Wang et al., 2007).Micronutrients are also essential to 
plants, but in small quantities, a deficit or excess of micronutrient can have negative effects on plant growth 
and health. Trace element deficiency can strongly affect yield, leaf colour and quality of crops and directly 
affects human and livestock nutrition and health (Li et al., 2007).  

Nutrient availability is important in determining
 
ecosystem structure and function (Bridgham et al., 

2001). Different chemical, physical, and biological properties of a soil interact in complex ways that 
determine the soil functionability to produce healthy and nutritious crops (Parr et al., 1992). Nutrient 
depletion in soils can lead to limitation in plant growth, desertification, and nutrient deficiency in humans 
and is closely linked to climate change and soil organic matter depletion (Lal, nd).  

Bioavailability is in a generic sense a function of solubility and mobility of trace metals. Factors in soil 
that influence bioavailability include pH, soil organic matter, redox potentials and parent material (Adriano, 
2001; Li et al., 2007). Excessive use of fertilizers, especially N fertilizer, can result in undesirable reduction of 
important trace elements. Land management methods such as tillage, crop rotation, organic farming, soil 
moisture management, crop breeding and genetic engineering can have large effects on crop quality, 
though the potential benefits of these measures for improving crop quality has not been fully exploited 
(Wang et al., 2007; Li et al., 2007).  

This indicator can also be an impact indicator with indicators such as pH, CEC and TSOM as state 
indicators. 
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Linkage to soil functions: Linkage to soil threats: 

 X Biomass production  X Erosion 

     
X Storing, filtering and transforming 

nutrients, substances and water 
x 

Organic matter decline 
  

 Biodiversity pool  Contamination 

      
 Carbon pool  Salinisation 

      
 Physical and cultural environment for 

humans and human activities 
 

Compaction 
  

 Source of raw materials x Soil biodiversity loss 

      
 Archive of geological and archeological 

heritage 
 

Sealing 
  

   Landslides and flooding 

       
 

Sustainability evaluation: 
An increase or stable bioavailability is considered more sustainable. 
A decline in bioavailability is considered less sustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
SW 11– Suicide rate of farmers 

Brief definition: 
Suicide rate of farmers, compared to national 
average. 
Unit of measurement: 
% 
Measurement methods/data availability:  
Database for farmers or rural suicide rate not 
found 
Scale: 
EU, National 
Time scale: 
Annual 
Placement in the indicator set: 
Society & wellbeing– Health 

 
 

Relevance to soil sustainability: 
Suicides are usually associated with mental illness. Farmers worldwide are reported to have frequent mental 

problems and high rates of depression and anxiety (Kouimintzis et al., 2004). Land degradation as a result of natural 
disasters, such as droughts, can carry with it a hidden cost of damage to the social structure of farming communities. 
Loss of social status, reduced income together with feelings of failure and having lost the family heritage in the land 
low self esteem can lead to farmers becoming depressed (King, 1994). Farmer’s suicide rate throughout the world is 
higher than for the non–farming population. Likely causes are stress related to work, financial difficulties, pesticide 
use and despair over failing crops (Gruere et al., 2008). 

  

Linkage to soil functions: Linkage to soil threats: 

 x Biomass production  x Erosion 

     

 Storing, filtering and transforming 
nutrients, substances and water 

x 
Organic matter decline 

  

 Biodiversity pool x Contamination 

      

 Carbon pool x Salinisation 

      

 Physical and cultural environment for 
humans and human activities 

x 
Compaction 

  

 Source of raw materials x Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

x 
Sealing 

  

  x Landslides and flooding 
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Sustainability evaluation: 
A decrease or lower value than the threshold value is considered more sustainable. 
National average is the threshold value. 
An increase or higher value than the threshold value is considered less sustainable. 
Data visualisation: 

 
 

References 
Gruere, G. Mehta–Bhatt, P. & Sengupta, D. 2008. Bt Cotton and Farmer Suicides in India: Reviewing the 

Evidence. IFPRI Discussion Paper 00808. 
King,R. 1994. Suicide prevention: Dilemmas and some solutions. Rural Society. Vol. 4, No. 3, pp. 2–6.  
Kouimintzis, D. Papageorgiou, E. Karnaki, P. & Karavolou, K. 2004. Development of Public Health Indicators 

for Reporting Environmental/Occupational Risks related to Agriculture and Fishery.  National and 
Kapodistrian University of Athens, Athens. 



136 

  

SIFS Indicator Fact Sheet 
SW 12– Age diversity in rural areas 

Brief definition: 
The ratio between the elderly population and 
the working age (15–64 years) population in 
rural areas compared to urban areas. 
Average age of rural residents compared to total 
population 
Unit of measurement: 
Age 
Measurement methods/data availability:  
Data and measurement methods available on 
OECD online library (OECD, 2009). 
Scale: 
EU, National, 
Time scale: 
Annual, or less frequent 
Placement in the indicator set: 
Society & wellbeing – Demographics  
 

Relevance to soil sustainability: 
The overall population in Europe is ageing. In most instances, rural populations are ageing more rapidly 

than urban population. The main reason is the long term net–out migration of young adults and children 
from rural areas to urban areas. The problem with the ageing of residents is that it reduces available labour 
supply, which is necessary for maintaining their economic bases and providing essential services (Brown, 
2010). The loss of young people and the corresponding replacement by an ageing population provides a 
critical threat to the ongoing vitality of rural economies and rural communities (ECORYS, 2010). 

The decreasing number of young people in the agricultural sector can create specific difficulties for generational 
renewal and raises concerns regarding the loss of valuable skills and knowledge as older, but experienced people, 
leave the sector (ECORYS, 2010). Age of farmers also affects the level of experience of the farm operator and is likely 
to influence management decisions making (Burton, 2006). Age of farmers has been negatively correlated to the 
adoption of conservation agricultural methods (Green and Heffernan, 1987). 

A major cause of the reluctance of young farmers to enter the industry is the poor income situation and 
prospects in farming (Gordon, 2000). 
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Linkage to soil functions: Linkage to soil threats: 

 x Biomass production  X Erosion 

     

 Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

 Biodiversity pool X Contamination 

      

 Carbon pool X Salinisation 

      

 Physical and cultural environment for 
humans and human activities 

X 
Compaction 

  

 Source of raw materials x Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

 
Sealing 

  

   Landslides and flooding 

       

 

Sustainability evaluation: 
A rising average age or higher average age than the threshold value is considered more sustainable. 
National average is the threshold value. 
An increase or higher value than the threshold value is considered less sustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
SW 13– Population growth 

Brief definition: 
Population growth 
Unit of measurement: 
% 
Measurement methods/data availability:  
Data available on the Eurostat webpage 
(available at epp.eurostat.ec.europa.eu) Also 
national statistical agencies. 
Scale: 
EU, National 
Time scale: 
Annual 
Placement in the indicator set: 
Society & wellbeing – Demographics 

 
 

Relevance to soil sustainability: 
High population growth is one of the driving forces behind environmental problems. Population growth 

influences the quantity of natural resources available per capita. A growing population puts more pressure 
on arable lands that can lead to extensive degradation of the soil. Population growth coupled with 
urbanisation puts soils under pressure, while agricultural intensification, to meet growing food demands of 
a growing population, makes soils more prone to erosion (EEA, 1999). 

  

Linkage to soil functions: Linkage to soil threats: 

 X Biomass production  X Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

X Biodiversity pool X Contamination 

      

X Carbon pool X Salinisation 

      

X Physical and cultural environment for 
humans and human activities 

X 
Compaction 

  

X Source of raw materials X Soil biodiversity loss 

      

x Archive of geological and archeological 
heritage 

X 
Sealing 

  

  x Landslides and flooding 

       

Driver

Population 
growth

Pressure

Soil sealing, 
waste, agricultural 

intensification, 
traffic, etc.

State

TSOM, water 
infiltation, 

available land,  
etc.

Impact

Deterioration  
or loss of soil 

functions, 
erosion, yield

Response

Land use 
regulations, 
education, 

gender 
equality, etc. 
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Sustainability evaluation: 
No population growth is more sustainable. 
Population growth is less sustainable. 
Data visualisation: 
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SIFS Indicator Fact Sheet 
SW 14– Armed conflicts 

Brief definition: 
Contested incompatibility that concerns government 
and/or territory where the use of armed force 
between two parties, of which at least one is the 
government of a state, results in at least 25 battle–
related deaths per year (Harbom et al., 2006). 
Unit of measurement: 
Conflict 
Measurement methods/data availability:  
e.g. the CSCW (Centre for the Study of Civil War) 
dataset on armed conflicts. 
Scale: 
EU, National, Watershed. 
Time scale: 
Annual 
Placement in the indicator set: 
Society & wellbeing – Security  
 

Relevance to soil sustainability: 
Prolonged armed conflicts can cause intensive and far reaching ecological changes (Machlis & Hanson, 

2008). Armed conflicts and soil degradation go hand in hand. Warfare can have severe impacts on soil and 
ecosystems (Misak et al., 2009). During wartime, weakening or collapse of socio-political frameworks can 
lead to habitat destruction and the erosion of conservation policies. The indirect effects of conflict can also 
have more far–reaching impacts than the direct destruction on battlegrounds. Military expenditures can 
come at the expense of other government programs, including natural resource management. Refugees and 
displaced people can put extreme pressure of ecosystems, causing for example deforestation (Hanson et al., 
2009).  Also, the deployment of armoury that is composed of radioactive material – like depleted uranium, 
leaves contamination for generations (e.g. UNEP 2001). 

The damage done to ecosystems can have lasting impacts on societies, hindering post–conflict peace building 
and delaying economic recovery (UNEP, 2010:50). High level of land degradation can significantly increases the risk 
of civil conflict (Theisen, 2008) making this indicator a potential response indicator as well as a driving force. 

Driver

Armed 
conflict

Pressure

Refugees, 
contamination, 
deforestation,  

landmines, land 
abandonment,

State

Compaction,  
biodiversity, 

Impact

Erosion, water 
quality, yield, 

livelihood, 

Response
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Linkage to soil functions: Linkage to soil threats: 

 X Biomass production  X Erosion 

     

X Storing, filtering and transforming 
nutrients, substances and water 

X 
Organic matter decline 

  

X Biodiversity pool X Contamination 

      

X Carbon pool X Salinisation 

      

X Physical and cultural environment for 
humans and human activities 

X 
Compaction 

  

X Source of raw materials X Soil biodiversity loss 

      

x Archive of geological and archeological 
heritage 

X 
Sealing 

  

  x Landslides and flooding 

       

 

Sustainability evaluation: 
No armed conflict is considered more sustainable. 
Armed conflicts are considered less sustainable. 
Data visualisation: 

 
 

References 
Hanson, T. Brooks, T.M. da Fonseca, G.A.B. Hoffmann, M. Lamoreux, J.F. Machlis, G. Mittermeier, C.G. Mittermeier, 

R.A. & Pilgrim, J.D. 2009. Warfare in biodiversity hotspots. Conservation Biology. Vol. 23, No. 3, pp. 578–587. 
Harbom, L., Högbladh, S., Buhaug, H., Carlsen, J. & Ormhaug, C. 2006. Armed Conflict Dataset Codebook. Version 4–

2006. International Peace Research Institute, Oslo.  
Machlis, G.E. and T. Hanson. 2008. Warfare Ecology. BioScience. Vol. 58, No. , pp. 729–736. 
Misak, R. Al–Ajmi, D. & Al–Enezi, A. 2009. War–induced soil degradation, depletion, and destruction (The case of 

ground fortifications in the terrestrial environment of Kuwait). The Handbook of Environmental Chemistry. Vol. 
3, pp. 125–139. 

Theisen, O.M. 2008. Blood and soil? Resource scarcity and internal armed conflict revisited. Journal of peace 
research. Vol. 45, No. 6, pp. 801–818. 

UNEP 2001. Depleted Uranium in Bosnia–Herzegovina. Post–Conflict Assessment Report. United Nations 
Environment Program. UNEP Depleted Uranium Environmental Assessment Team. Report available from 
http://conflict.unep.ch/  

UNEP. 2010. UNEP year book 2010. United Nations Environment Programme, Nairobi. 



142 

  

SIFS Indicator Fact Sheet 
SW 15– Human exposure to contaminated soils 

Brief definition: 
Residential houses on or in close proximity to 
landfills, and other contaminated sites (for 
example warfare sites). 
Unit of measurement: 
% 
Measurement methods/data availability:  
Measurement method and data has not been 
identified. 
Scale: 
National 
Time scale: 
Annual 
Placement in the indicator set: 
Society & wellbeing– Security 

 
 

Relevance to soil sustainability: 
Soil is contaminated by a wide array of chemicals and pathogens. Humans may acquire chemical 

pollutants and pathogens directly from the soil (e.g. by contact with the soil) or indirectly, through food and 
water contamination. At times, soil particles themselves may be pollutants, entering the eyes, nose, and 
mouth and acting as irritants or allergens. Chemical exposures can contribute to cancer, birth defects, 
immune system defects, reduced intelligence, behavioural abnormalities, decreased fertility, altered sex 
hormones, altered metabolism, and specific organ dysfunctions (Pimentel et al., 2007). 

Building houses on, or in close proximity to sites with soil contamination, such as landfills and 
brownfield sites, increases the potential of human exposure to these pollutants. 

  

Linkage to soil functions: Linkage to soil threats: 

  Biomass production   Erosion 

     

 Storing, filtering and transforming 
nutrients, substances and water 

 
Organic matter decline 

  

 Biodiversity pool x Contamination 

      

 Carbon pool  Salinisation 

      

x Physical and cultural environment for 
humans and human activities 

 
Compaction 

  

 Source of raw materials  Soil biodiversity loss 

      

 Archive of geological and archeological 
heritage 

 
Sealing 

  

   Landslides and flooding 

       

Driver

Production, 
traffic, 
mining, 

Pressure

Waste, 
accidents, 
emissions

State

Contaminated 
soil

Impact

Human exposion 
to soil 

contamination

Response

Regulations, 
cleanup
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Sustainability evaluation: 
 

No soil contamination is considered more sustainable. 
Soil contamination is considered less sustainable. 
 
Data visualisation: 
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5 Discussion 

In this chapter issues faced during the indicator development process will be discussed. 
The proposed SIFS indicators will be compared to other indicator sets that can be seen as 
relevant to the issue of soil sustainability and finally strength and weaknesses of the 
proposed SIFS indicator set will be highlighted. 

5.1 Issues Faced During the Indicator 

Development Process 

5.1.1  Development of a Suitable Indicator 
Framework 

The SIFS indicator set uses a theme–based indicator framework that is based on the ISIS 
Compass of Sustainability, and uses the DPSIR framework as an add–on. During the expert 
consultation process, some comments were made on the framework proposed. Some 
experts clearly preferred the DPSIR framework, whilst others argued for the new 
combined thematic framework. 

The DPSIR framework was developed to systematically analyse the origins and 
consequences of environmental problems, using cause and response logic. It has been 
criticised for a number of shortcomings, including: suggesting a linear unidirectional 
causal chains; ignoring key non–human drivers of environmental change; and for not 
being able to capture the nature of complex–adaptive interrelationships between coupled 
human and environmental systems, which makes it unsatisfying, as an analytical 
framework (Reyntjens & Brown, 2005; Svarstad et al., 2007; Maxim et al., 2009; Reynolds 
et al., 2011). There are no universal causes or effects of land degradation (Klintenberg & 
Seely, 2002) and assuming that a complex system, such as soil, can be analysed using a 
simple, linear causal framework, would at least be misleading. The first edition of the 
United Nations CSD indicators used a causal framework, but later editions were 
developed using a theme–based approach, as the thematic framework proved to be 
impractical, limiting in national testing (Bruckner, 2009) and not appropriate for the 
social, economic and institutional dimensions of sustainable development (OECD, 2001). 

Another issue concerning the use of the DPSIR framework, was the fact that many former 
users of DPSIR, and other related causal frameworks, have had their main emphasis of 
specific components of the framework, often environmental components, as these are 
seen as more important than others (Reyntjens & Brown, 2005; Niemeijer & de Groot, 
2006; Nathan & Reddy, 2008; Maxim et al., 2009). In that way more focus is put on 
specific components of the framework, at the cost of others, and some dimensions of 
sustainability may become under–represented. Potschin (2007) reported that, in the case 
of land use changes, the DPSIR framework did not translate easily from environment to 
other dimensions of sustainability. Difficulties in data gathering and in understanding the 
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nature of different cause–effect relationships, coupled with the need to a maintain clear 
and simple reporting, led to an underrepresentation of the land use changes, as it was not 
easily seen at the strategic level. 

It was thought here that for the issue of soil sustainability, if used, the DPSIR framework 
would not provide the framework needed to identify the different aspects of soil 
sustainability. It was also feared that gaps in data or knowledge would leave gaps in the 
framework that might lead to important issues being lost or underrepresented, and that 
the framework might not be applicable at the different scales that the SIFS indicator set 
will be applied to. Having to fill–in all the DPSIR components could also mean that 
indicators, that are not essential indicators in terms of sustainable development, would 
be required in the indicator set. It was therefore concluded that the DPSIR framework 
could not act as the main framework for the SIFS indicator set.  

A theme–based framework was considered to be a better starting point for the SIFS indicator 
set, as it allows for the inclusion of selected priority issues relevant to the assessment of 
sustainability, determined by policy targets and priorities. As a framework, it does not attempt 
to describe complex interrelations and by doing so, the thematic approach manages to avoid 
getting caught in the different angles of environmental problems and focus instead on the 
sustainable development issues themselves (Segnestam, 2002). The Industry Sector theme, the 
Governance theme and the Awareness and Public Participation theme are examples of themes 
that put special attention to different actors of soil sustainability. If soil sustainability is to be 
realized, these actors need to be activated. Soil threats is an important issue when it comes to 
the sustainability of soils. Instead of focusing on specific soil threats, by having a specific theme 
for the issue, is was decided to focus on the soil properties and linking each indicator to a 
specific soil threat. 

One of the greatest challenges of sustainable development is to the bridge gap the between 
science and action and to raise awareness of the linkages between the environment, economy 
and human wellbeing. Despite its limits as an analytical framework for sustainability, the 
usefulness of the DPSIR framework in reporting environmental indicators is acknowledged. 
Theme–based indicator sets, although good at linking indicators to policies, do not show inter–
linkages between indicators in a nuanced manner. The main advantage of the DPSIR 
framework, however, is the way it visualizes cause and effects relationships in a simple, 
comprehensive way, which according to Giupponi (2002) is thought to be especially appealing 
for policy actors. It was therefore decided that the DPSIR framework would be used as an ad–
on to the thematic framework. The visual expression of the linkages between indicators, 
although often vastly simplified, are considered to be very useful, especially in communicating 
to policy and decision makers, where it becomes important to bridge the gap between science 
and actions. 

5.1.2 Indicator Selection Process 

In Appendix 1, a list of 360 possible indicators, identified by a theoretic literature view, 
can be viewed. This list laid the foundation for the indicator selection process. The 
indicators were evaluated by soil experts during an expert consultation process and then 
by using the selection criteria in Box 3 (page 48). As the initial literature review was 
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mainly theory driven, many indicators were not selected as they were not analytically 
sound or measurable. Some indicators were changed and adapted to better fit the needs 
of the sustainability assessment. Even though the exercise produced a large number of 
possible indicators that were not used, it was considered to be very useful, as it helped 
identify possible issues, indicators and themes, as well as highlighting important but 
immeasurable issues that can be important for sustainability, but cannot be a part of the 
indicator set at this time. 

5.1.2.1 Policy Relevance 

Above all soil indicators for sustainability must be policy relevant. There is no reason to choose 
an indicator just because it is easily measured and analytically sound. If an indicator could not 
be linked to the sustainability goals set forward in step 1, it could not be a part of the SIFS 
indicator set. Directly linking the indicators to the functions and threats identified in the Soil 
Thematic Strategy in the indicator fact sheet, was thought to a good way to make sure that the 
indicators were relevant to the sustainability goal set in step 1. 

Appropriate indicator must provide a representative overview of the issue at hand, as 
well as being responsive to changes in the environment or human activities. That is why it 
was decided not to include inherent soil properties such as texture, clay type, orientation, 
etc. While it is acknowledged that inherent soil properties are extremely important for 
the functioning of soil, they cannot be used as indicators of sustainability. These 
properties may lay the foundation of soil functions and the way soils respond to soil 
threats, but they do not respond well to changes and they are not able to show trends 
over time, at least not during a human lifespan. 

The Access to Information and Justice indicator cannot show trends on national scale, but 
on global and EU scale it can. This indicator was thought to be too important to exclude 
from the SIFS indicator set, despite its shortcomings. 

When working with a complex system, it can be difficult to limit oneself to a simplified 
version of it. However, it is important not to get lost in details. Too many indicators can 
make data collection and data processing difficult to handle at a reasonable cost, but too 
few indicators may miss out crucially important developments (Bossel, 2001). Too much 
information and too many indicators may diffuse the message. Indicator sets are not 
intended to describe a whole, complex system. An indicator set that attempts to describe 
a whole system quickly becomes overly complicated and mired in extraneous details. In 
order to keep the indicator set comprehendible it is therefore important to limit the 
number of indicators. The health theme, for example, went from containing 15 indicators 
to only having 3. The Human Health indicator was thought to be a more holistic indicator 
and more likely to gain attention of stakeholders, than 10 different, more specific health 
related indicators that would more likely have overcomplicated the issue instead of 
simplifying it, as is the intention of indicators. 

Being one of the most important components of soil, there exist an incredible amount of 
measurements for organic matter in soils. They measure everything from the whole 
organic content of the soil to a very specific part of it. These are all important 
measurements that can shed light on many important soil processes and how different 
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parts of the soil influence one another, but for the purpose of assessing soil sustainability 
these measures would be extraneous details, that would only obscure the indicator set. 
For the purpose of evaluating soil sustainability it was concluded that total soil organic 
matter, would be the most appropriate indicator as it captures all the components of the 
organic fragments in the soil. 

The industry specific indicators were also reduced drastically by combining different sector 
themes. Instead of having different themes for each sector, a single sector theme was 
developed and for each sector indicator it was specified for which sector it could be applied to. 
This way of assessing different industries is thought to be simple and effective, as it reduces the 
number of total indicators in the assessment without losing important details. If different 
sectors were to be added to the sustainability assessment, it would be easy to place them 
within the industry specific indicators and it would be possible to develop few new indicators 
within the themes, without overcomplicating it. Agriculture and forestry were specifically 
chosen as these two industries are the main users of unsealed lands and can play a very 
important role in soil degradation processes and prevention. 

Many soil indicators interact with each other. Soil organic matter for example interacts 
with soil aggregates and aggregate stability, infiltration, bulk density, microbial biomass, 
water holding capacity and available nutrients (Arshad & Martin, 2001). That, together 
with the need to keep the number of indicator at a minimum and avoidance of double 
counting, is the reason that indicators as for example nutrient availability was not 
selected for SIFS. Nutrient availability is highly correlated to the total organic matter 
content in the soil as well as the Bioavailability of Major and Trace Elements. 

There are no direct water– or moisture–related indicators in the SIFS indicator set, even 
though there were quite a few in the beginning. There are two main reasons for that. 1) 
Soil water capacity or content depends highly on soil texture, climate and topography 
which cannot be used as indicators of sustainability because they are not policy relevant, 
as discussed above. 2) Soil water capacity also depends on soil structure of which there 
are several indicators in the SIFS indicator set, such as bulk density, total soil organic 
matter, soil depth and aggregate size and stability. So in order to remain policy relevant 
and to limit the total number of indicators, the identified water related indicators were 
not selected for SIFS. 

For benchmarking purposes, as well as assessment, it is very important that each 
indicator is assigned an appropriate threshold or reference value to which it is assessed. 
An indicator without a reference value is in fact a meaningless indicator. An attempt was 
made to find each indicator an appropriate reference value, but due to limited time, 
much work is still needed. Defining an appropriate reference value can be somewhat 
problematic, as many indicators are affected by many different parameters. A threshold 
value as for pH for example, can be strongly dependent upon crop, as different plants 
thrive at different pH levels (e.g. Arshad & Martin, 2001). For some indicators it was not 
be possible to find a universal threshold or reference value. In some cases, such as soil 
sealing, microbial biomass, labour intensity, population growth, etc. it is the trend that is 
the most interesting in terms of sustainability, and it cannot be compared with a specific 
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value, other than current state. Overall, the threshold or reference values chosen should 
be reviewed by experts to make sure that appropriate values are chosen. 

5.1.2.2 Analytical Soundness and Measurability 

It is important for indicators to be analytically sound, meaning that they be based on 
sound sciences, international standards and consensus about its viability as well being 
valid for modelling, forecasting or information systems. In terms of measurability the 
indicators should be readily available or available at a reasonable cost, it should be 
adequately documented and of known quality and updated regularly to show trends. 

Indicators are often a compromise between scientific accuracy and the information 
available at a reasonable cost (Saisana & Tarantola, 2002). The indicator soil food web, 
that was not chosen, at this time, to be part of the SIFS indicator set, was not selected 
because of very high measurement costs, despite being both policy relevant and 
analytically sound. Instead, the indicator Pedodiversity was chosen to show the diversity 
of soil and the indicator Microbial Biomass which give similar information about soil biota, 
but at a much lower cost. There may also exist a gap in the scientific knowledge on many 
issues regarding soil. Some important indicators which cannot be used at the present may 
become important in the future as knowledge evolves, and that is why indicator sets 
should by regarded as work in progress. There are many ongoing projects, such as iSOIL 
and other work packages with in the SoilTrEC project that are working of developing and 
improving data collection and knowledge about soils. The outcome of these projects will 
hopefully be of considerate contribution to the SIFS indicator set. Four indicators, land 
use, land management, economic value of soil ecosystem serviced and economic loss due 
to soil degradation cannot be completed at this time, as these are awaiting results from 
other work packages within the SoilTrEC project. 

The SIFS indicator set can be used on several geographical scales, ranging from plot scale 
to Regional (e.g. EU) scale. Not all indicators can be used on all scales and there may be a 
need to adjust some of the indicator to better fit a specific scale. As the SIFS indicator set 
has not been implemented, data still remains to be collected. An attempt was made to 
locate data and databanks for the indicators that were both policy relevant and 
analytically sound, to inspect if data was available. Due to the time available, it was 
decided to focus on European data at national and EU scale. The data search was also 
limited to data published in English and therefore many national datasets could not be 
located. The data found only give a limited picture of the data available, and once ready 
for implementation, a more thorough data search will be required. When implemented, 
some scale adjustments, in terms of geographical and time scale, will probably have to be 
made. The data found for the indicators at this time, is nonetheless thought to provide a 
basis for assessing the measurability of each indicator. 

A sign that Albert Einstein kept on his wall stated that not everything that can be counted 
counts and not everything that counts can be counted (McKee, 2004). It is important to 
remember that assessments are limited to issues that can be measured and therefore 
inevitable cannot grasp every important issue concerning complex issues of sustainability. 
That is especially true with human nature. Important issues, such as culture, religion and 
the use of language, may be important drivers of the way humans portray and manage 
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soils, but these issues can hardly be considered to be indicator material. For that, they are 
far too sensitive as well as being very hard to measure. It does, however, not mean that 
these issues are not important. 

5.2 Comparing With Other Indicator Sets 

Because the SIFS indicator set is the first attempt to build a complete set of soil 
sustainability indicators, it is not possible to compare the full set to another, as none such 
set exists. However, there have been some attempts to construct sets of soil quality 
indicators and soil threats indicators that are valuable for comparison.  

5.2.1 Minimum Data set for Soil Quality Indicators 

Arshad & Martin (2001) compiled a list of proposed minimum data sets for soil quality 
assessment from a number of papers and reports. Their findings can be seen in Table 6 
where the proposed soil quality indicators are compared to the proposed indicators in the 
SIFS indicator set. 

As can be seen from Table 6 the indicators proposed for the SIFS indicator sets are closely 
linked to the ones proposed for the minimum data set. Of the twelve soil quality 
indicators suggested by Arshad & Martin, eight are identical or closely related indicators 
can be found in the proposed SIFS indicator set. These include total soil organic matter, 
soil depth, soil aggregates and aggregate stability, bulk density, pH, contamination, 
microbial biomass, potential N mineralization. 

Table 6 Comparison of proposed SIFS indicators to key soil quality indicators commonly 
found in the literature, together with a rationale for their selection. 

Proposed SIFS indicators Indicators suggested for a minimum data set 
for soil quality (Arshad & Martin, 2001) 

Total soil organic matter (TSOM) Organic matter 

Soil depth (Topsoil) Topsoil depth 

Soil aggregates and aggregate stability Aggregation 

Not in the SIFS indicator set Texture 

Bulk density Bulk density 

Not in the SIFS indicator set Infiltration 

pH pH 

Cation exchange capacity Electrical conductivity 

Contamination  Suspected pollutants 

Microbial biomass indicator is measured 
with soil respiration. 

Soil respiration 

Potential N mineralization Forms of N 

Nutritional quality of crop Extractable N, P and K 
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The indicators texture and infiltration are not found in the proposed SIFS indicator set. 
Texture did not prove to be an adequate indicator of sustainability, as discussed above in 
section 5.1.2.1. Infiltration depends mainly on soil texture and aggregate structure 
(Chapin et al., 2002). It was therefore concluded that the indicators Soil aggregates and 
aggregate stability and Total soil organic carbon, were thought to adequately cover the 
issue of infiltration. 

Instead of electrical conductivity, cation exchange capacity is used in the SIFS data set. 
Extractable N, P and K, was that is a form of nutrient availability indicator, was deselected 
during the indicator selection process. Cation exchange capacity and bioavailability of 
major and trace nutrients, were thought to cover the issue. 

5.2.2  ENVASSO 

The ENVASSO indicators are a set of indicators, developed by a consortium of European 
soil scientists that contains indicators directly linked to soil threats. 27 priority indicators 
were selected and developed, three for each threat (Huber et al., 2008). The indicators 
proposed for the SIFS indicator set all need to be connected in some way to soil threats. A 
comparison between the indicator suggested by ENVASSO and the proposed SIFS 
indicators could therefore be very interesting. Table 7 lists the 27 ENVASSO priority 
indicators and matches them up to relevant SIFS indicators. 

The ENVASSO indicator set lists three indicators for each threat. During the indicator 
development process of the SIFS indicator set, it was decided to limit the number of 
indicators in the set as much as possible and therefore it was strived to only include one 
indicator for each important issue whenever possible. For this reason it was necessary to 
be more selective when choosing indicators for the SIFS indicator set. 

The SIFS indicator set contains indicators that have been linked to the same soil threats as 
done in the ENVASSO project, except the cross-cutting soil threat desertification. Many of 
the suggested SIFS indicators are the same or very similar to some of the ENVASSO 
indicators, such as the ones suggested for soil organic matter, soil sealing, contamination, 
and compaction. 

The chosen indicator for soil organic matter in the SIFS indicator set was the same as the 
first indicator proposed for organic matter in the ENVASSO indicator set. It was thought to 
cover the other two suggested by ENVASSO 

The indicator proposed for soil contamination was thought to cover the three proposed 
by ENVASSO. In addition, the SIFS indicator suggests the monitoring of additional 
measurements such as pesticides and radioactive substances, depending on need.  

The soil sealing indicator was identical to the first indicator proposed for sealed areas by 
ENVASSO. It was thought to cover the issue of the second and the third one proposed by 
ENVASSO.  
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Table 7 Comparison of Indicators chosen for the ENVASSO environmental assessment 
indicator set and the proposed SIFS indicators. 

SIFS ENVASSO (Huber et al., 2008) 

Soil depth, soil protective 
cover, bulk density land 
management and land use 

Estimated soil loss by, water, wind and tillage erosion (3 indicators) 

TSOM Soil organic matter status (topsoil OC content %) 

Soil organic carbon stocks 

Peat stocks 

Contamination Heavy metal contents in soils 

Critical load exceedance by sulphur and nitrogen 

Progress in management of contaminated sites 

Soil sealing Sealed area 

Land take 

New settlement area established on previously developed land 

Bulk density (Soil compaction) Density (bulk density, packing density, total porosity) 

Air–filled pore volume at a specified suction 

Vulnerability to compaction (estimated) 

Microbial biomass Earthworms diversity and fresh biomass 

Collembola diversity 

(Enchytraeids diversity 

if no earthworms) 

Microbial respiration 

Cation exchange capacity, pH Salt profile (total salt content: %; electrical conductivity : dS m–1) 

Exchangeable sodium percentage (ESP) (pH unit ESP: %) 

Potential salt sources (groundwater or irrigation water) and 
vulnerability of soils to salinisation/sodification 

Soil aggregates and aggregate 
stability, soil protective cover 

Occurrence of landslide activity 

Volume/weight of displaced material 

Landslide hazard assessment 

Soil protective cover Land area at risk of Desertification 

Soil protective cover Land area (forest and other non–agricultural land use) burnt by 
wildfires 

TSOM Soil organic carbon content in desertified land 

For compaction, the SIFS indicator set has bulk density, which is also ENVASSOs first 
choice. The bulk density indicator was thought to cover the other two compaction 
indicator suggested by ENVASSO. 
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The SIFS indicator set differs most from the ENVASSO indicator set in the issues of 
erosion, biodiversity, salinisation, landslides and desertification.  

The ENVASSO indicator set has 3 different indicators to estimate soil loss from wind, water and 
tillage. The SIFS indicator set, however, does not have any indicator directly measuring erosion 
or erosion risk. Instead it has several indicators that can by linked to the issue such as soil depth, 
soil protective cover, bulk density land management and land use. 

The biodiversity focus of the SIFS indicator set is on Pedodiversity, whereas ENVASSO 
focuses on biological biodiversity. Both indicator sets have an indicator microbial biomass, 
but in the SIFS indicator set is placed under biological properties. The indicator thought 
most appropriate for biological biodiversity was thought to be soil food webs, but it was 
not selected because of very high costs in data collection. The earthworm indicator was 
also not selected because it could not be applied everywhere. 

Salinity is closely linked to soils cation exchange capacity and pH. In the SIFS indicator set 
cation exchange capacity and pH are indicators for soils chemical properties and it was 
thought to adequately cover the issue of soil salinisation. 

For the SIFS indicator set it was thought that the soil aggregate and aggregate stability 
and the protective cover indicators was adequately to cover the issue of landslides. 

The indicator for desertification in ENVASSO was thought to be adequately covered by, 
soil protective cover and total soil organic matter. 

Both Arshad & Martin and ENVASSO have electronic conductivity in their indicator sets, 
whereas for the SIFS indicator set cation exchange capacity was chosen. Both measures 
can be used to indicate the soils ability to hold nutrients and salinity and are both 
affected by texture and organic matter levels (Grisso et al., 2009).  

That fact the proposed SIFS indicator set does not include all the indicators or that they 
are not identical to the ones proposed by Arshad & Martin and the ENVASSO project, 
should not detract the selection of the proposed SIFS indicators. The indicators proposed 
by Arshad & Martin and the ENVASSO project are very useful for the purpose of 
comparison as they are in part sustainability measures. They are meant to assess soil 
quality and soil threats that are important part of soil sustainability, but they are not 
indicators of sustainability as they lack the holistic approach that sustainability indicator 
sets must take. It is important that the SIFS indicator set covers the issues of soil quality 
and soil threat, but it can do so in a different manner than the proposed by Arshad & 
Martin and ENVASSO.  

5.3 Strengths and Weaknesses of the Proposed 

SIFS Indicator Set and Future Work Needed 

The proposed SIFS indicators are a result of extended literature review and expert consultation 
and are meant to form a base of a sustainable development assessment tool for soils. 
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The thematic approach selected for the development of the SIFS indicator set is 
strengthened by the use of the DPSIR causal indicator framework. Using simultaneously a 
theme and causal framework is thought to ensure that the indicators chosen will be policy 
relevant as well as clearly linked to specific objectives on a cause and effect basis. By 
visualizing linkages between proposed indicators and their causes and effects, the 
communicational power of the indicator is strengthened. The theme–based framework 
allows for a more nuanced selection of priority issues. The SIFS indicator set therefore 
enjoys the strengths of both frameworks, but at the same time manages to steer clear of 
some of the analytical limits that may arise when applying the DPSIR framework. 

The framework developed for the SIFS indicators is flexible and can also be easily adjusted 
to new priorities and policy targets over time, making it a dynamic framework. 

The indicators chosen have the potential to allow benchmarking and comparison on 
multiple scales, such as between regions, countries, sectors and farming systems, and 
shed light on important issues concerning soil sustainability. It is expected, that once 
completed the indicator set will be able to guide policy– and decision–makers, on 
multiple levels, into making policies and decisions that will ensure the maintenance of 
important soil functions as well as enhancing existing ones.  

The proposed nature indicators seem to be largely in consensus with proposed indicator 
sets for soil quality and soil threats discussed in section 5.2 which is thought to strengthen 
the choice of selected SIFS indicators. 

Bearing in mind that the development of the SIFS indicator set is yet to be completed, 
there are still many issues that remain to be worked on. In some cases, there still remain 
some doubts regarding the selection of the indicator for the SIFS indicator set.  

Table 8, page 146, list the issues needed to be dealt with for the proposed SIFS indicator. 
In some cases there is a need to clarify issues concerning definitions. In other cases the 
choice of the most appropriate indicator needs to be cleared - as discussed in section 
5.2.2 - and other still need to be developed, such as land use changes, land management, 
economic value of soil ecosystem services and economic loss due to soil degradation. 

As discussed in section 5.2.2, there are uncertainties about whether the measure of 
cation exchange capacity is better than electronic conductivity as an indicator of nutrient 
availability and salinisation. It is recommended that in latter iterations of the SIFS 
indicator set that these two measures of cation exchange capacity and electronic 
conductivity will be further analysed and the one that proves to be more appropriate be 
chosen for the SIFS indicator set. 

Soil respiration rates are used to measure microbial biomass. It should be assessed, by 
experts in that field, whether soil respiration should be used as an indicator instead of 
microbial biomass. 

Economic value of soil ecosystem services is seen as an important indicator, but it is still 
not clear how it should be evaluated in terms of sustainability. That issue has to be 
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clarified in future iterations of the SIFS indicator set when other work packages within the 
SoilTrEC project, which will deal with that issue, are finished. 

The theme Equity, or equality, is not present in this version of the SIFS. It is recommended 
that indicators will be developed for this theme, seeing that equity is an important issue 
when it comes to sustainability assessments. 

In some cases, lack of expertise and time prevented the selection of the most appropriate 
measurement method, unit and scale. It is therefore recommended that expertise 
consultation will be used to clarify the issues of measurement method, measurement unit 
and scales. 

A reference/threshold value should be assigned to the indicators whenever possible. It 
would be advisable to use expert consultation as a mean to develop appropriate 
reference values, as these need to be very specific and accurate. 

There is a lack of indicators for the soil function Source of raw materials. It is 
recommended to add mining in the industry specific indicator theme to get a better cover 
of this soil function. There is also a lack of indicators for the soil functions Archive of 
geological and archeological heritage and Physical and cultural environment for humans 
and human activities. The theme Fresh Waters and Oceans and Seas and Coast was not 
included at this time, but should be considered in future iterations of the indicator set, 
since one of soils important functions is to store and filtrate water. That function of the 
soil is important in cases of eutrophication in waters. As soil sustainability, as defined in 
section 3.2.1.1, is based on soil functions, it is important that all soil functions are 
represented in the SIFS indicator set. 

Not all indicators have been placed within the DPSIR framework, such as the indicator 
Debt to asset ratio. It may not be possible to place these indicators within the DPSIR 
framework, but they are nevertheless considered important indicators of soil 
sustainability and are therefore included. 

The proposed indicators are put forward here as the first step in developing a framework 
for SIFS indicators. The approach and chosen indicators are open to criticism and should 
be regarded as a cyclic process in identifying the final SoilTrEC soil sustainability 
indicators.  

Table 8 Additional work needed to prepare the proposed SIFS indicators for implementation. 

Indicator Additional work needed 

N–1   Net emission of 
greenhouse gases 

The best measurement method needs to be identified. 
Reference value not identified. 

N–4   Aggregate size and 
stability 

Has not been assigned a unit of measurement. 
A consultation about appropriate measurement method is advised. 
Data not found 

N–8   Cation exchange capacity 
(CEC) 

Measurement method and data not identified. 
Consultation needed to decide on reference value found. 
Compare to electronic conductivity. 

N–10   pH Reference value not identified. 
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N–11 Microbial biomass Better definition needed. 
Unit of measurement and data not identified. 
It should be assessed weather this indicator should be changed to soil 
respiration, seeing that soil respiration is used to measure it. Soil 
respiration is preferred to microbial biomass in the ENVASSO indicator set. 

N–12 Potential N mineralization Reference value not identified. 

E–1   Economic value of soil 
ecosystem services 

Waiting for inputs from other work packages. 
Measurement method not developed yet. 
More work needed in turns of assessing the indicator in terms of soil 
sustainability. 

E–2   Economic loss due to soil 
degradation 

Waiting for inputs from other work packages. 
Measurement method not developed yet. 

E–3   Land use changes (Index) Waiting for inputs form other work packages. 
Measurement method not developed yet. 
A land use index could be developed on different scaled, Regional (e.g. 
EU), national, and perhaps a specific index for urban areas. 

E–6   Yield A clearer definition is needed. 
A measurement method not identified. 
More work needed in turns of assessing the indicator in terms of soil 
sustainability. 

E–8   Debt to asset ratio Has not been categorized within the DPSIR framework. 

E–9   Energy returns on 
investment (EROI) 

Has not been categorized within the DPSIR framework. 

E–12 Pesticide use intensity OECD is currently developing an indicator for pesticide use. May be useful 
once finalised. 

The EU funded PURE project (Pesticide Use–and–risk Reduction in 
European farming systems with Integrated Pest Management) has recently 
started. Its focus is on developing integrated pest and disease 
management techniques for major EU crops. The outcome of the PURE 
project will potentially be helpful for further developing this indicator. 

Reference value and/or threshold not identified. 

E–14 Labour intensity Hours/day/ha could also be considered as a unit of measurement 

E–15 Land management (Index) Waiting for inputs from other work packages. 
A distinguish between more and less sustainable or unsustainable types of 
land management methods needs to be made. 

SW–1 Access to information 
and justice 

This indicator cannot show a trend on a small scale. The issue of public 
participation, which is closely related to this indicator, is an important one, 
but one that is hard to measure. There has been a call in the literature for 
the development of indicators for this issue.  

SW–2 Government policies that 
encourage land degradation  

This is a very sensitive indicator that needs further development if used, 
especially in turns of definition of which policies encourage land 
degradation.  

Measurement method not identified. Is highly place specific, and needs to 
be adjusted for each assessment. 

More work needed in turns of assessing the indicator in terms of soil 
sustainability. 

SW–3 Land tenure security Better definition of land tenure security needed. 
Data not identified. 

SW–4 Expenditure on soil 
related research and 
development  

Measurement method not identified. 

SW–6 Education for sustainable 
development  

Data not identified. 
Reference/threshold value needed 

SW–7 Public Awareness of the 
value of soil 

Unit of measurement not identified. 



157 

SW–8 Public participation  Unit of measurement not identified. 
The issue of public participation is an important one, but one that is hard 
to measure. There has been a call in the literature for the development of 
indicators for public participation. 
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6 Conclusion  

This thesis presents the result of a first iteration of an indicator development process 
towards a set of SoilTrEC SIFS indicators. Its objective was to identify the need for the 
assessment of soil sustainability; develop a first set of FP7 funded SoilTrEC project 
sustainability indicators for soil and to identify potential improvements to the framework 
and indicators and future work needed. 

Humans have, by using the soil in an unsustainable manner, managed to turn a nearly 4 
billion year old self–sustaining ecosystem of soils into a non–renewable resource that is being 
used up and degraded at an alarming rate. Currently soil is being degraded up to 100 and 
1000 times faster than it forms (Brantley et al., 2007). If this trend continues it is likely that 
Beddington´s perfect storm of food, water and energy shortages by 2030 will be realized.  

Moving towards soil sustainability, and sustainability in general, is vital for the future of 
humans and the future of the Earth. In 2006 the European Commission adopted the Soil 
Thematic Strategy for the protection and sustainable use of soil. Sustainability assessment 
of soil is seen as an important step toward achieving the goals set forward by the Soil 
Thematic Strategy, as it can help to define best practices and guide the implementation of 
various actions aimed at the sustainable development of soil resources. 

The approach followed in the development of the SIFS indicator set was a top–down 
approach which accommodated inputs from scientists and researchers that were a part of 
the SoilTrEC consortium as well as stakeholders from a number of agricultural institutes in 
Europe. This conceptual soil sustainability indicator framework, developed with a 
thematic approach, includes a total of 44 indicators divided between the three 
sustainability dimensions; nature, economy and society & wellbeing. Each dimension is 
divided into themes and sub-themes. The themes selected, include: Atmosphere, 
Biodiversity, Soil Properties, Economic value of soil ecosystem services, Consumption and 
Production Patterns, Institutional Framework and Capacity, Awareness and Public 
Participation, Health, Demography, and Security. The chosen indicators have also been 
categorized within the DPSIR framework, to clarify causal relationships between 
indicators and other issues important for policy and decision makers. 

The proposed indicator set is intended set the basis for the development of a 
sustainability indicator set that is to be used for measuring progress, identification of 
areas needed to be addressed and for evaluating outcomes of implemented policies, to 
help decision– and policy–makers decide which actions should or should not be taken in 
an attempt to make the use of soils sustainable.  

The European Environmental Agency´s DPSIR (Driving force-Pressure-State-Impact-Response) 
framework was used as a supplement to the thematic framework to clarify causal relationships 
between indicators and other issues important for policy and decision makers. A total of 44 
potential SIFS indicators were selected on the basis of policy relevance, analytical soundness 
and measurability and further developed within the framework. 
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The development of the SIFS indicator set is still in a process of an early stage 
development. The proposed indicators have not yet been completed or tested and 
therefore it is not possible to say whether they are suitable for sustainability assessment 
or not. For future improvements of the SIFS indicator set, the proposed indicators need to 
be further underpinned by data from the SoilTrEC research project and then tested and 
evaluated with additional iterations. This will allow the development process of SoilTrEC 
soil indicators for sustainability to be completed. The indicator development process will 
proceed within the SoilTrEC project over the next three and a half years, when the project 
and hence the indicators are scheduled to be finished. It is recommended that the 
proposed indicator set be distributed among the SoilTrEC partners, to gain inputs for the 
next iteration of the SIFS indicator set. 

It is recommended that for future iterations of the indicator developmental process that a 
bottom up approach will be used. Important actors for soil sustainability, such as farmers, 
foresters, policy makers and other land managers that act as guardians of the soil can 
make a valuable contribution to the indicator developmental process and help in making 
the SIFS indicator set a successful sustainability assessment tool.  
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Appendix 1 

The framework developed to form a basis for the selection process, as described in step 4 
in chapter 3. The framework, and the indicators indentified for the framework were 
identified through an extensive, theory based literature review on existing soil indicators 
that could be related to sustainability. 

A total of 360 indicators were identified during that process. 140 indicators for Nature, 
138 indicators for Economy, 32 indicators for Society, and 50 indicators for Wellbeing.  

Nature 
 Atmosphere 
  Dust storm 

Emissions of greenhouse gases 
 Biodiversity 
  Plant leaf colour 
  Plants 
  Plant and root diseases 
  Respiration 
  Rooting 
  Soil protective cover 
  Trees pr km2 
 Fauna 
  Above soil biotica 
  Microbial activity 
  Soil biotica 
  Soil enzymes 
 Other 
  Food web 
  Gene pool 
  Habitat 
  Loss of soil based ecosystems 
 Land/Soil 
  Soil degradation 
   Erosion 
    Deposition 
    Ephemeral gullies 
    Erosion risk 
    Exposure of subsoil 
    Landslides 
    Soil erosion 
   Pollution 
    Acidification 
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    Contamination 
    Eutrophication 
    Eutrophication of waters 
    Heavy metals in topsoil 
    Toxification 
   Other 
    Compaction 
    Crusting 
    Deforestation 
    Depletion of nutrients 
    Depletion of soil organic matter 
    Desertification 
    Salinization 
    Slaking 
  Soil properties 
   Physical 
    Inherent 
     Aggregation 
     Aggregate size (subsoil) 
     Clay type 
     Depth 
     Orientation 
     Pedodiversity 
     Permeability 
     Pore size distribution 
     Porosity 
     Slope 
     Texture 
    Manageable 
     Aggregate size (topsoil) 
     Bulk density 
     Macro aggregate fraction 
     Macropores 
     Oxygen availability 
     Waterlogging 
   Chemical 
    Inherent 
     Cation exchange capacity (CEC) 
     Sesqoxides 
    Manageable 
     Mineralized N 
     N immobilization 
     pH 
     pH – Estimated time to critical pH 
   Biological 
    Inherent 
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    Manageable 
     Microbial biomass 
   Soil organic matter 
    Bioavailable carbon 
    Carbohydrates 
    Glomalin 
    Hummus 
    Light fraction C 
    Lipids’ 
    Macro organic matter 
    Polysaccharides 
    Soil organic carbon (SOC) 
    Soil organic matter change with time, relative to local potential 
    Total soil organic matter 
    Water–soluble organic matter (WSOM) 
   Stability 
    Aggregate stability 
    Resilience of soil 
    % of high and low resilience soil types 
 Filtering, buffering, storing and transformation 
   Carbon Sequestration 
   Infiltration rate 
   Nitrogen Sequestration 
   Runoff 
   Soil water–holding capacity 
   Soil water content 
   Soil water potential 
   Water quality 
   Decomposition rate 
   Micronutrient availability 
   Nutrient availability 
   Selenium content in soil 
  Other 
   Anthropogenic transfer of soil VS natural transfer of soil 
   CLORPT 
   Human Appropriation of Net Primary Production 
   High intensity rainfall events 
   Metabolic quotient (qco2) 
   Microbial biomass C to total organic C ratio 
   Natural cost of loss of native vegetation 
   Permafrost area size 
   Pristine land area 
   Smell of soil after rain 
   The anthropogenic factor of soil formation 
Economy 
 Economic value of soil and soil ecosystem services 
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  Contribution of soil derived products to the GDP 
  Contribution of soil ecosystem services to the GDP 
  Fines for non–compliance with laws and regulations concerning soil 
  Economic growth directed towards soil use related to GDP 
  Economic value of ecological stability related to GDP 
  Export income derived from soil resource use 
  Economic impact of conserving soil related to GDP 
  Economic impact of not conserving soil related to GDP 
  Economic impact of loss of soil ecosystem services related to GDP 
  Economic value of soil biodiversity related to GDP 
  Economic value of soil resources related to GDP 
  Profitability of soil conservation practices 
 Economic structure 
  Economic performance 
   Agricultural dependency 
   Economic stability 
   GDP adjusted for soil degradation 
   Soil derived products and services where market price reflects real cost 
   Resilience of the economy 
   Subsidies to soil related activities other than agriculture related to GDP 
  Trade 
   Balance of trade of soil related raw materials and final products 
 Balance of trade of soil related raw materials and final products 

compared to the value of GDP 
  Financial status 
 Balance of trade of soil related raw materials and final products 

compared to the value of GDP 
  Provisioning, consumption and product patterns 
   Provisioning 
    Food produced without any fertilizers or human interferences 
    Possible productivity per unit of land area 
   Material flow and consumption 
    Ability of soil resources to meet raw material needs 
    Ability of soil resources to meet physical support needs 
    Ability of soil resources to meet fiber consumption 
    Ability of soil resources to meet food consumption 

Ability of soil resources to meet national and local raw 
material consumption 

    Food consumption 
    Water consumption relative to local supply 
   Product patterns 
    Indirect material flow 
    Ecolabel certification 
  Energy use 
   Biodiversity normalized to energy input 
   Calories spent (human and machinery) per calories produced 
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   Energy supplied from biofuels grown on agricultural land 
  Waste generation and management 
   Organic waste composed 
   Recyclable products actually recycled 
   Landfills 
   Pesticides in water 
   Waste generated 
  Transportation 
   Farm to market distance 
   Reliance on foreign/non–local soil derived resources 
   Traffic 
 Land use 
  Agricultural land 
  Agricultural land use to grow biodiesel 
  Changes in land use 
  Ecological Footprint 
  Total area of forests and other wooded land 
  Land used for infrastructure 
  Land use compared to soil quality 
  Mined land 
  Parks and green areas in towns and cities 
  Sealing of high productive land 
  Pristine land 
  Protected areas 
  Urban land 
  Use of marginal land for agriculture 
  Wetland 
 Industries 
  Agriculture 
   Economics of farming 
    Debt of farmers 
    Farmers expenditure on soil conservation 
    Indirect and induced economic effects of agriculture 
    Market value of farm products 
    Net income from farming 
    Profits relative to net returns & degree of subsidization 
    Subsidies to farmers 
   Farming practices 
    Conservation agriculture 
    Cultivation 
    Genetically modified crops 
    Intensification of agricultural production 
    Irrigation 
    Monoculture 
    Overgrazing 
    Polyculture 



176 

    Tillage 
    Time agricultural lands are exposed during fallow seasons 
    Use of modern agricultural methods 
   Inputs 

Adoption of liming and other ameliorating land management 
practices. 

    Energy use 
    Fertilizer use 
    Pesticides use 
   Other 
    Age of farmer 
    Agricultural employment 
    Agrobiodiversity 
    Contamination in agricultural soils 

Education of farmers 
Efficiency of agriculture 
Erosion rate on agricultural land compared to natural 

erosion rate  
Farmer’s participation in decision–making 
Greenhouse gas emissions per output produced 
Land holding size 
Land tenure 
Ratio of native plants 
Ratio of non–native plants in agriculture 
Resilience of farmers 
Size of farms 
Use of heavy machinery 
Yield 

  Forests and Forestry 
   Forestry 
   Economics of forestry 
    Debt of foresters 
    Forester’s expenditure on soil conservation 
    Indirect and induced economic effects of forestry 

Market value of forest products 
Net income from forestry 
Profits relative to net returns & degree of subsidization 
Subsidies to foresters 

   Forestry practices 
Agroforestry 
Conservation forestry 
Harvested forest successfully restocked 
Intensification of forestry 
Monoculture 
Overharvesting 
Polyculture 
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Use of modern forest harvesting methods 
   Inputs 

Adoption of liming and other ameliorating land management 
practices. 
Energy use 
Fertilizer use 
Pesticides use 

   Other 
Forestry employment 
Contamination in forest soils 
Education of forester 
Efficiency of forestry 
Erosion rate on forestry land compared to natural erosion 
rate 
Forester’s participation in decision–making 
Land holding size 
Land tenure 
Ratio of native trees 
Resilience of foresters 
Use of heavy machinery 
Yield 

  Tourism (Agrotourism) 
   Economics of agritourism 
    Debt of Agrotourism enterprises 

Indirect and induced economic effects of Agrotourism 
Net income from Agrotourism 

   Other   
Agrotourism 
Intensity of Agrotourism 

 Other 
  € spent on soil conservation 
  Overexploitation of firewood 
  Pollution of soil from industries 
  Surface mining 
  Use of appropriate technology 
Society 
 Awareness 
  Awareness of soil conservation 
  Public opinion on the significance of soil 
 Conflict and disasters 
  Armed conflicts 
  Continuing state of political conflict and military tension 
  Disasters 
  Resilience to disasters 
 Institutional framework and capacity 
  Government level 
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   Ability and capacity of governments to prepare for and respond to disasters 
   Corruption 
   Government regulation and policies 
   Legislation and policies regarding the use of chemicals 
   Legislation and polices related to soil conservation and land use 
   Political stability 
  Science and technology 
   Access to information 
   Expenditure on soil related research and development 
   Publications regarding soil 
 Migration 
  Environmental refugees 
  Net migration 
  Refugees 
 Population 
  Population density 
  Population growth 
  Urban and rural residents 
 Public participation 
  Number of NGO´s concerned with soil 
  Number of people who go to court for soil affairs 
  Participation in local decision–making 
  Participation in soil conservation programs 
  Political participation in rural areas 
 Other 
  Google results 
  Off road driving 
  Recognition programs 
  Resilience of the society 
  Social cost of export oriented monoculture 
  Town and city councils that have green spaces as part of their initiatives 
Wellbeing 
 Culture (Recreational, aesthetic and spiritual value) 
  Aesthetic value 
  Culture 
  Cultural value of soils 
  Connection to nature 
  Language 
  Number of saying with references to the soil 
  Religion 
  Time children spend on nature–based recreational activities 
  Traditional food 
 Livelihood 
  Education 
   Literacy 
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% of agricultural schools that offer sustainable agricultural 
programs, or encourage sustainable practices 

  Employment and income 
   Dependency on subsistence agriculture 
  Poverty 
   Poverty 
   Population living below poverty line in arid and semiarid areas 
  Equity and gender 
   Access to energy 
   Equity in the distribution of benefits and environmental degradation 
   Equal access to education 
   Equal access to health care 
   Gender equality 
   Income equity 
   Property right equity 
   Share of women in wage employment in soil related sectors 
   Time spent to collect water, firewood, domestic and agriculture work 
  Health 
   Cancer rates 

Contraceptive prevalence rate 
Developmental problems with children 
Exposure to landfills and other polluted soils 
Farmers’ suicide 

Healthy people 
HIV 
Infections by soil–transmitted helminthes species 
Prevalence of vector and water born diseases 
Puberty 
Respiratory infections 
Reproductive potential 
Sanitation 
Soil derived substances in the air that are potentially threatening to 
human health 
Children with a chance to plays in soil sufficiently to give them a 
strong immune system  

  Housing 
   Houses built on contaminated/polluted soils 
   Houses built on landslide danger zones 
   Slum population 
  Security 
   Food security 

Access to clean drinking water 
Food quality and safety 
Food affordability 
Local food sufficiency 
Local water sufficiency 
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Nutritional status 
 Other 
  Home grown food 
  Standard of living 
  Resilience of individuals 
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Appendix 2 

 

 

  

Extreme precipitation events 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of 
environmental conditions, pressures on the environment or 
society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends 
over time? 

Yes  

3. Is the indicator responsive to changes in the environment and 
related human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value 
against which to compare it, so that users can assess the 
significance of the values associated with it? 

Yes  

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit 
ratio? 

Yes  

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable 
procedures? 

Yes  
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Pedodiversity 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of 
environmental conditions, pressures on the environment or 
society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends 
over time? 

Yes  

3. Is the indicator responsive to changes in the environment and 
related human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value 
against which to compare it, so that users can assess the 
significance of the values associated with it? 

Yes The original number of soil 
classes within an area 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes GIS 

9. Readily available or made available at a reasonable cost/benefit 
ratio? 

Yes  

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable 
procedures? 

 Not known 
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Aggregate size and stability 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? No  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

 Not known 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

 According to ) there is a 
lack of satisfactory 
standard methodology in 
this field 

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

 Not known 

9. Readily available or made available at a reasonable cost/benefit ratio? No  

10. Adequately documented and of known quality? No  

11. Updated at regular intervals in accordance with reliable procedures? No  
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Bulk density 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? No  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

yes 1.6 g cm
–3

 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

 The soil organic carbon 
(SOC) values are often 
converted to SOM 
values using an 
empirical conversion 
factor of 1.724 which is 
based on the 
assumption that SOM 
contains approximately 
58% C. Many scientific 
studies have shown that 
this factor varies greatly, 
i.e. from 1.4 to 3.3 for 
soils under different 
land uses and from 1.7 
to 2.0 for arable soils 
(Jones et al., 2004). 

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

 Not known 

9. Readily available or made available at a reasonable cost/benefit ratio? yes  

10. Adequately documented and of known quality?  The European Soil 
Database, the WISE 
database, the IGBP 
Global Soils Data 
Task database and 
some national 
databases (Hubert et 
al., 2008) 

11. Updated at regular intervals in accordance with reliable procedures?  Every 5–10 years 
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Soil sealing 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

Yes Current cover is the 
baseline 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

 Not known 

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio?  GMES (Global 
Monitoring for 
Environment and 
Security) based 
monitoring methods will 
in the near future be the 
best monitoring 
approach 

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable procedures? Yes  
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Cation exchange capacity (CEC) 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

Yes  

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio?  No database found 

10. Adequately documented and of known quality?  Not known 

11. Updated at regular intervals in accordance with reliable procedures?  Not known 
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Contamination 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

Yes  

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio?  National databases 

10. Adequately documented and of known quality?  Not known 

11. Updated at regular intervals in accordance with reliable procedures?  Not known 
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pH 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

Yes  

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? Yes The European Soil 
Data Centre has data 
for pH in Europe 

10. Adequately documented and of known quality?  Not known 

11. Updated at regular intervals in accordance with reliable procedures?  Not known 
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N 12 – Total soil organic matter (TSOM) 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

Yes  

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? Yes 
and 
no 

There is a need for more 
data 

10. Adequately documented and of known quality?  The quality of the data 
in the European Soil  

Database is not  

there is a serious lack of 
measured 
georeferenced data on 
soil organic carbon at EU 
level.  

11. Updated at regular intervals in accordance with reliable procedures?  Not known 
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Microbial biomass 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons?  Not known 

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

 Not known 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio?  No database found. 

10. Adequately documented and of known quality?  Not known 

11. Updated at regular intervals in accordance with reliable procedures?  Not known 
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Potential N mineralization 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

 Not found 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio?  No database found 

10. Adequately documented and of known quality?  Not known 

11. Updated at regular intervals in accordance with reliable procedures?  Not known 
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Soil protective cover 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

 Not known 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? Yes   

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

 Not known 

9. Readily available or made available at a reasonable cost/benefit ratio? Yes  

10. Adequately documented and of known quality?  Much work is being 
done at the moment 
on EU level to build 
better databases for 
land use and land 
cover 

11. Updated at regular intervals in accordance with reliable procedures? Yes  
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Nutritional quality of crop 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

 Reference value 
could be previous 
measurements 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

 Not known 

9. Readily available or made available at a reasonable cost/benefit ratio?  Not known. Data not 
found. Likely  

10. Adequately documented and of known quality? Yes UK 

11. Updated at regular intervals in accordance with reliable procedures? Yes  
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Economic value of soil ecosystem services 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

 Information needed 
from other Soiltrec 
workpackages 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

No  

7. Is the indicator based on international standards and international 
consensus about its validity? 

No  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? No  

10. Adequately documented and of known quality? No  

11. Updated at regular intervals in accordance with reliable procedures? NO  
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Economic loss of soil degradation 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

Yes  

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? No  

7. Is the indicator based on international standards and international 
consensus about its validity? 

No  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? No  

10. Adequately documented and of known quality? No  

11. Updated at regular intervals in accordance with reliable procedures? No  

Information needed from other Soiltrec workpackages 
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Land use Changes 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes/n
o 

It is not simple, but will 
hopefully be easy to 
interpret. It will be able 
to show trends over 
time 

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

 Information needed 
from other Soiltrec 
workpackages 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

 Information needed 
from other Soiltrec 
workpackages 7. Is the indicator based on international standards and international 

consensus about its validity? 
 

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

 

9. Readily available or made available at a reasonable cost/benefit ratio?  

10. Adequately documented and of known quality?  

11. Updated at regular intervals in accordance with reliable procedures?  
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Land management 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes/n
o 

It is not simple, but 
will hopefully be 
easy to interpret. It 
will be able to show 
trends over time 

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

 Information needed 
from other Soiltrec 
workpackages 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms?  Information needed 
from other Soiltrec 
workpackages 7. Is the indicator based on international standards and international 

consensus about its validity? 
 

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

 

9. Readily available or made available at a reasonable cost/benefit ratio?  

10. Adequately documented and of known quality?  

11. Updated at regular intervals in accordance with reliable procedures?  
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Fossil energy intensity 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

Yes Target is to reduce fossil 
energy use as much as 
possible 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? Yes  

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable procedures? Yes  
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Composting of biodegradable municipal waste 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

Yes % Composting of 
biodegradable waste 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? Yes  

10. Adequately documented and of known quality?  Not known 

11. Updated at regular intervals in accordance with reliable procedures? Yes  
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Waste generation intensity 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

Yes Aim for zero waste as 
most sustainable 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? Yes  

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable procedures? Yes  
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Yield 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes 
and 
no 

Lower yield due to 
soil degradation may 
not show up in 
intensive, high–input 
systems until yields 
are approaching 
their ceiling. Soil 
quality contributes 
relatively more to 
agricultural 
productivity in low– 
input production 
systems 

4. Does the indicator provide a basis for international comparisons?  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

 Baseline is current 
status 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? Yes  

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable procedures? Yes  
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Return on Equity (ROE) 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

 This is a proxy 
indicator 

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

Yes  

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? Yes At least sectoral data 

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable procedures? Yes  annual 
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Debt to asset ratio 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

 This is a proxy indicator 

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

Yes  

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? Yes On a sectoral level 

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable procedures? Yes  Annually  
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Energy returns on investment 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes It is a proxy indicator 

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

 Not known 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio?  No database found 

10. Adequately documented and of known quality?  Not known 

11. Updated at regular intervals in accordance with reliable procedures?  Not known 

 



205 

 

  

Return on investment (ROI) 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

Yes Positive ROI is the target 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? Yes On a national level 

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable procedures? Yes  Annually  
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Fertilizer use intensity 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

Yes  

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? Yes   

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio?  National data at 
FAOSTAT, 

National databases 

10. Adequately documented and of known quality?   

11. Updated at regular intervals in accordance with reliable procedures? Yes Annually 

 



207 

 

  

Water use intensity in irrigation 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

No More efficient water use 
in irrigation is the 
target. 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? Yes National data 

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable procedures?  Not known 
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Pesticide use intensity 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

 Depends on what 
pesticide is being 
used as well as soil 
properties such as 
TSOM 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms?  The literature seems 
to be quite split 
when it comes to 
pesticides. 

7. Is the indicator based on international standards and international 
consensus about its validity? 

 This is a EEA 
indicator: Total 
pesticide 
consumption per 
hectare of 
agricultural land 

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio?  OECD is currently 
developing an indi-
cator for pesticide use 

National data found at 
national statistical 
agencies. 

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable procedures? Yes Annually  

The EU funded PURE project (Pesticide Use–and–risk Reduction in European farming systems with 
Integrated Pest Management) has recently started. Its focus is on developing integrated pest and disease 
management techniques for major EU crops. The outcome of the PURE project will potentially be helpful for 
further developing this indicator. 
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Waste generation intensity 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

 Target is waste 
reduction 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? Yes Eurostat and 
national statistical 
agencies 

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable procedures? Yes Annually 
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Access to information and justice 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

 This is a proxy indicator 

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

 On larger scale (EU, 
Global) yes 

3. Is the indicator responsive to changes in the environment and related 
human activities? 

 This is a proxy indicator 

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

Yes  

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

   

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

 Not known 

9. Readily available or made available at a reasonable cost/benefit ratio? Yes  

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable procedures? Yes  
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Ability and capacity of governments to respond to natural and anthropogenic disasters 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

 Not known 

3. Is the indicator responsive to changes in the environment and related 
human activities? 

 Not known 

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

no  

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? No  

7. Is the indicator based on international standards and international 
consensus about its validity? 

No  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

No  

9. Readily available or made available at a reasonable cost/benefit ratio? No  

10. Adequately documented and of known quality? No  

11. Updated at regular intervals in accordance with reliable procedures? No  
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Government policies that encourage land degradation 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes This is a proxy indicator 

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

 Not simple, can show 
trend 

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

 Not known 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

No  

7. Is the indicator based on international standards and international 
consensus about its validity? 

No  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

 Not known 

9. Readily available or made available at a reasonable cost/benefit ratio?  No data found 

10. Adequately documented and of known quality?  Not known 

11. Updated at regular intervals in accordance with reliable procedures?  Not known 
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Government policies that encourage soil sustainability 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes This is a proxy 
indicator 

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

 Not simple, can 
show trend 

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

 Not known 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? No  

7. Is the indicator based on international standards and international 
consensus about its validity? 

No  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

 Not known 

9. Readily available or made available at a reasonable cost/benefit ratio?  No data found 

10. Adequately documented and of known quality?  Not known 

11. Updated at regular intervals in accordance with reliable procedures?  Not known 
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Land tenure security 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

 This is a proxy indicator 

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

 This is a proxy indicator 

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

 Tenure and property 
right security is the 
target 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

No  

7. Is the indicator based on international standards and international 
consensus about its validity? 

No  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

 Not known 

9. Readily available or made available at a reasonable cost/benefit ratio?  Legislation for each 
country needs to be 
looked at. 

No resent studies on 
land property rights in 
EU found 

10. Adequately documented and of known quality?  Not known 

11. Updated at regular intervals in accordance with reliable procedures?  Not known 
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Literacy 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

 This is a proxy 
indicator 

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

 Not known 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

 Not known 

9. Readily available or made available at a reasonable cost/benefit ratio? Yes  

10. Adequately documented and of known quality? yes  

11. Updated at regular intervals in accordance with reliable procedures? Yes  
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Education on sustainability 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

 This is a proxy indicator 

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Mayb
e 

 

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

Yes  

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

 Not known 

7. Is the indicator based on international standards and international 
consensus about its validity? 

 Not known 

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

 Not known 

9. Readily available or made available at a reasonable cost/benefit ratio?  No database found.  

Curriculums will have to 
be looked at 

10. Adequately documented and of known quality?  Not known 

11. Updated at regular intervals in accordance with reliable procedures?  Not known 
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Public awareness on the value of soil 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

 This is a proxy 
indicator 

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

 In  theory at least 

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

 Current condition 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms?  It has to be 
developed further 

7. Is the indicator based on international standards and international 
consensus about its validity? 

 

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

 

9. Readily available or made available at a reasonable cost/benefit ratio?  No data available. 

Could be obtained 
through the 
Eurobarometer 
survey 

10. Adequately documented and of known quality? No Has to be measured 

11. Updated at regular intervals in accordance with reliable procedures? No  
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Public participation 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

 This is a proxy indicator 

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? No  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

 It is the trend that is 
important 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

No  

7. Is the indicator based on international standards and international 
consensus about its validity? 

No  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

 Not known 

9. Readily available or made available at a reasonable cost/benefit ratio?  Not known 

10. Adequately documented and of known quality? No  

11. Updated at regular intervals in accordance with reliable procedures? No  

There is a need to develop a better public participation indicator. It needs to be place specific, because 
public participation is a cultural thing. 
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Human health 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

 This is a proxy 
indicator 

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

Yes  

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? Yes Eurostat 

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable procedures? Yes  
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Human exposure to contaminated soils 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes   

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

Yes No residential houses 
should be on 
contaminated soil 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio?  There is a lack of data 
on this issue 

10. Adequately documented and of known quality?  Not known 

11. Updated at regular intervals in accordance with reliable procedures?  Not known 
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Suicide rate of farmers 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

Yes  Comparison with 
national average 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? No No database found 
for Europe. 

A few studies have 
been conducted. 

More data needed 

10. Adequately documented and of known quality? No  

11. Updated at regular intervals in accordance with reliable procedures? No  
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Elderly dependency rate in rural areas (age diversity) 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

 Comparison to national 
average 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? Yes OECD 

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable procedures? Yes   
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Population growth 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

Yes  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the values 
associated with it? 

 The lower the 
better, in terms 
of soil 
sustainability 

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific terms? Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

Yes  

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

Yes  

9. Readily available or made available at a reasonable cost/benefit ratio? Yes  

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable procedures? Yes  
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Armed conflicts 

 Yes/
No 

Notes 

Policy relevance 

1. Does the indicator provide a representative picture of environmental 
conditions, pressures on the environment or society’s responses? 

Yes  

2. Is the indicator simple, easy to interpret and able to show trends over 
time? 

Yes  

3. Is the indicator responsive to changes in the environment and related 
human activities? 

  

4. Does the indicator provide a basis for international comparisons? Yes  

5. Does the indicator have a threshold/target or reference value against 
which to compare it, so that users can assess the significance of the 
values associated with it? 

Yes  

Analytical soundness 

6. Is the indicator theoretically well founded in technical and scientific 
terms? 

Yes  

7. Is the indicator based on international standards and international 
consensus about its validity? 

 It is based on a widely 
used  dataset from 
CSCW (Centre for the 
study of civil war). 

8. Could the indicator be linked to economic models, forecasting and 
information systems? 

  

9. Readily available or made available at a reasonable cost/benefit ratio? Yes  

10. Adequately documented and of known quality? Yes  

11. Updated at regular intervals in accordance with reliable procedures? Yes  
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