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Indicators of Sustainability

Monitoring Sustainable Development Requires 
Indicators 
The Brundtland definition of sustainable development 
articulated by the World Commission on Environment 
and Development (1987) was among the first of many 
efforts to formalise policies and practices that will protect 
agricultural capacity. Definitions of agricultural sustain-
ability typically require that practices produce healthy 
food and fibre for current and future generations in an 
equitable manner without degrading natural resources. It 
is widely held that sustainable agriculture is based only 
on a functional and productive system with high biodi-
versity and system self-regulation (cf. Bell and Morse, 
2000). Proponents of sustainable agriculture frequently 
advocate systems modelled on nature that maintain pro-
duction without loss or degradation of soil or other natu-
ral resources, and suggest that key elements of optimised 
systems include nutrient recycling where nutrients are 
supplied in proportion to the system within which they 
reside (Wander, 2009). Plant-soil interactions and organ-
ic matter reserves develop as characteristics of agricul-
tural systems, and this feedback determines the degree 
to which sustained production can be maintained. The 
development of indicators that reflect progress toward 

sustainability has become a high priority for academics, 
policymakers and planners. Assigning appropriate indi-
cators can be difficult and must consider the scale of ap-
plication and objectives (Bossel, 2001). 

What is an Indicator?
An indicator is a datum (value, level, etc.) that reflects 
(shows) the presence or amount of a factor under meas-
urement. Indicators or sets of indicators are typically de-
veloped within the context of frameworks for application. 
An indicator is a parameter or value derived from several 
parameters which provide information about a certain ob-
served phenomenon (or resource) from the point of view 
of its quantitative and/or qualitative properties affecting, 
in a given time and space, the environment as a whole 
and/or its individual components. These components are 
analysed according to how they affect the health condi-
tion of a population, the ecosystem structure and the pro-
ductivity of a given space. Managers must identify the 
measurable phenomena thought to support sustainability. 
Different suites of indicators are often suggested for ap-
plication at local, regional or national and international 
scales. The information and indication levels (scaling 
from a farm level to a world-wide assessment) can be 
presented as an information iceberg including a hierarchy 
from raw data to highly aggregated indices (Figure 21.1). 
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Figure 21.1. Example of an information iceberg: hierarchy of information 
and indication levels (according to Jesinghaus, 1999)

Summarising different sources, a good ecological indica-
tor can be said to have the following properties:

1. Measurable (possible quantification) and statistically 
valid.

2. Relevant/representative, responsive (changes in a 
reasonable time frame so that response to action can 
be evaluated), sensitive to small variations in environ-
mental stress.

3. Ease of handling and technically feasible.
4. Cost-effective.
5. Applicable in different areas 
6. Can be updated.

The indicators usually include parameters on different 
assessment levels (from on-farm level to global level), 
holistic indicators are rare. The indication methods 
called the Direct Measurement Method (DMM) and 
Ecological Model Method (EMM) have been replaced 
by the Ecosystem Health Index Method (EHIM) to as-
sess very complex and dynamic systems by ecologists. 
EHIM is a good example of the kinds of multi-criteria 
indicators that are a sum of other metrics. It includes se-
lection of basic and additional indicators, calculation of 
sub-EHIs, determination weighting factors, calculation 
of a synthetic EHI from sub-EHIs and ecosystem health 
assessment (EHI 0 means the worst state, EHI 100 indi-

cates the best healthy state). The EHI is calculated ac-
cording to the equation:

EHI = Σ ωi x subEHIi

where EHI is the weighted sum that represents a synthetic 
ecosystem health index, subEHIi the ith sub-ecosystem 
health index for the ith indicator, n above Σ the number 
of considered indicators and ωi the weighting factor for 
the ith indicator.

The agri-environmental indicators, in comparison with 
other ecological or environmental indicators have special 
demands that must be considered (Table 21.1). Many in-
dicators proposed in the literature are impractical, e.g. a 
farmer will probably never calculate an exergy and emer-
gy ratio, even though it provides a solid theoretical basis 
for understanding agri-ecosystem integrity. It is expected 
that the on-farm indicators will give farmers information 
about changes at an early stage of land use decision mak-
ing. Many indicators do not give any basis for practical 
purposes, and therefore ‘easy to understand’ indicators 
are recommended on local (farm) level.

Indication Frameworks

The Pressure-State-Response (PSR) Model 
Indication frameworks are based on targeted phenom-
ena (outcomes) that are sometimes evaluated at differ-
ent assessment scales. The Pressure-State-Response 
(PSR) model outlines the way that indicators are com-
monly applied within such system-based frameworks. 
System-based frameworks evaluate sustainability based 
on attributes of the system. This example (PSR) has been 
developed and adopted by the OECD (for agriculture 
economic and social assessments). This model includes 
three main levels, reflecting the three components of sus-
tainability (Figure 21.2):

• Pressure: Human activities affecting the environment.
• State: Changes in the environment.
• Response: Response of society.
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Scope of indicators

Inform about status and development of complex systems

Provide sufficient information about sustainability of land use systems

Be responsive to changes related to human activities to rapidly 
indicate success and failure of activities 

Able to show trends over time

Work as umbrella indicators summarising different processes and/or 
environmental aspects

Policy relevance

Provide a representative picture of environmental, agricultural and 
rural conditions, pressures or society’s responses

Be simple and easy to interpret for different users

Provide a basis for regional, national and international comparisons

Be either national in scope or applicable to regional issues of 
national significance

Assist individual decision-makers in the private sector as well as 
trade and industry

Analytically sound

Be theoretically well founded in technical and scientific terms

Be based on international standards and international consensus 
about its validity 

Lend itself to being linked to economic models, forecasting and 
information systems

Measurability and data required

Have to be controllable

Readily available or made available at a reasonable cost/benefit ratio 

Adequately documented and of known quality

Updated at regular intervals in accordance with reliable procedures

Have a threshold of reference value against which to compare it, so 
that users are able to assess the significance of the values associated 
with it 

Figure 21.2. Basic framework scheme of the PSR indication model.

Table 21.1. Attributes of agri-environmental indicators (Piorr, 2003).

These three levels create a circle where the Response is 
followed by a new Pressure on the environment. The main 
indicators can be classified in one of these indicator groups 
(P, S or R). Several organisations (e.g. UNCSD, also 
OECD) use a model called DSR. In DSR models Pressure 
is substituted by Driving Force, which includes non-envi-
ronmental variables (but sometimes Pressure and Driving 
Force are used as synonyms). Driving force indicators are 
targeted at the causes of change in environmental condi-
tions in agriculture (farm management practices, etc.), 
state indicators characterise the effect of agriculture on the 
environment (e.g. impacts on biodiversity) and response 
indicators include actions taken to respond to the changes.

Figure 21.3. Basic framework scheme of the DPSIR indication model.

The DPSIR Framework
The most advanced model used by OECD is called DPSIR 
and is characterised by 5 stages (Figure 21.3):

• Driving force: Basic sectoral trend.
• Pressure: Human activities affecting the environment.
• State: Changes in the environment.
• Impact: Effects of the changed environment.
• Response: Response of society.

There are various combinations of these indication ele-
ments, e.g. DPR, PSR. These indicator frameworks con-
sist of systems indicators (ecological, economic, social), 
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and include process indicators (resources and outcome 
indicators) and structure indicators (contextual and sector 
indicators).

A number of groups have launched efforts over the past 
decade to develop indicators of environmental outcome. 
The National Research Council’s ‘Ecological Indicators 
for the Nation (NRC, 2000) and The Heinz Center’s The 
State of the Nation’s Ecosystems (Heinz Center, 2002 and 
2008) are two prominent examples in the US. While these 
and other groups have gone to great lengths to identify 
indicators, determine their appropriateness as indicators 
of environmental outcome, and establish data availabil-
ity, they have made no attempts to develop interpretations 
of indicator status or change. The lack of interpretations 
or thresholds for outcome stems at least partly from the 
complexity of the task at hand. 

Soil and Conservation Related Frameworks
In the US, the frameworks that have historically influ-
enced agriculture are those administered by the United 
States Department of Agriculture (USDA) and the 
Natural Resources Conservation Service (NRCS). These 
have focused on soil and conservation related indicators 
developed for determination and application at the farm 
scale. There is active interest in indicator and framework 
development with the growing recognition that histori-
cally important soil conservation tools – the Soil Loss 
Tolerance Standard (T) and the Revised Universal Soil 
Loss Equation 2 (RUSLE2) – fall short of what is need-
ed to fully sustain soil and water resource quality (Cox, 
2008; Tugel et al., 2005; Ritcher, 2007). There is interest 
in developing dynamic soil properties as indicators for 
use as: 
• soil tests, where critical values are understood to war-

rant particular responses,
• monitoring aids used to evaluate trends and verify 

the benefits or harm caused by adoption of practices 
such as crop diversification and/or residue removal 
and

• as benchmarking tools to determine programme 
eligibility or rank parcels in terms of their risk or 
suitability for selected land uses. NRCS and USDA 
have identified a list of dynamic soil properties for 
potential inclusion in the Soil Survey that could form 
the basis of such a system.

Sustainability Frameworks
Sustainability frameworks under consideration rely on 
a Principles, Criteria and Indicator (PC&I) approach to 
sustainability assessment that relies on a thematically 
structured list of principles, criteria and associated indi-
cators (Baelermanes 1988). Such frameworks incorporate 
indicators and combine them into a process for interpre-
tation against a suite of goals or standards. These kinds 
of ‘sustainability’ frameworks contend with problems of 
indicator selection, scale of implementation and strate-
gies for performance evaluation (Van Cauwenbergh et 
al., 2007). A systematic approach is emerging for content-
based disciplinary frameworks that develop indicators to 
characterise specific functions or processes of concern 
(Lopez-Riduara, 2005). 

Assessment Tools in Agriculture 

General Requirements on Indicators in Agriculture 
Two kinds of indicators can be developed: physical indica-
tors based on ‘endogenous’ variables (proposed by ecolo-
gists for ‘strong’ sustainability) and economic indicators 
based on ‘exogenous’ variables (proposed by economists 
for weak sustainability). In the economic approach mon-
etary values characterise the natural capital (resources).

Polyfunctional land use requires a multi-criteria analy-
sis and it is necessary to define possible alternatives clear-
ly – suitability indicators confronting various prospects 
and non-reductive models enabling better understanding 
of various types of causal relationships (multi-objective 
integrated representation; cf. Shaxson, 1998). 

Many territorial indicators up until this point have been 
static without considering changes or trends. These kinds 
of indicators fail to evaluate ecosystems as complex adap-
tive systems and do not take into account non-linear trends, 
discontinuities, and multifaceted stability. They also do not 
include system resilience, ability to recover from stress, 
or resistance or capacity to absorb or sustain disturbances 
without degraded function. For instance the ecological 
footprint is only suitable to determine man’s dependence 
on a particular area and an emergy analysis only examines 
an energy budget. The indicators have to integrate ecosys-
tem structure and function and indicate changes (response) 
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Pressure State Response (PSR) and Driving Forces-
Pressures-State-Impacts-Responses (DPSIR)

Assessment tool OECD

Environmental impact assessment (EIA) Assessment tool Enterprise or production system; Regional or national

Principles, Criteria and Indicators (PC & I) Assessment tool Enterprise Regional or national

Life Cycle Analysis (LCA) Enterprise Multi scale

Cost-Benefit Analysis (CBA) Enterprise Regional or national

Ecological footprint (EF) Farm scale

Ecopoints  (EP) Farm scale

Environmental Management for Agriculture (EMA) Farm scale

SOLAGRO Farm scale

ECOFARM Farm scale

Table 21.2. Selected assessment tools and frameworks.

to environmental stress. In addition, they have to be quan-
tifiable and easy to interpret (Meyer, 1992 etc.). 

Indicators should be applicable to all levels of agricul-
tural activity from the small family farm to agri-business on 
a national scale. For smaller units the indicators should be 
detailed. Even valuable data are useless if they do not sup-
port decision making. It is not advisable to overwhelm the 
data (coefficients etc.) with statistical calculations because 
the user can lose confidence and might not understand the 
scope of the value (Benites and Tschirley, 1997). 

Methods and Systems for Analysis 
A series of methods and systems are used to evaluate 
the performance of agricultural systems. These rely on a 
number of approaches based on physical, biological, or 
economic parameters Different methods have different 
degrees of importance (Table 21.2) and assess different as-
pects of agri-ecosystems (cf. Doherty & Rydberg, 2002). 

Life cycle assessment (LCA) evaluates the impacts 
of a product (material or services) on the environment 
throughout its life. It focuses on material and energy 
flows and is used mainly in industry (applicable in ag-
riculture but it can be difficult to find reliable data). Its 
results can be easily understood. 

Cost-benefit analysis (CBA) is an economic analysis 
method and it is orientated towards cash flows. Its main 
weakness is that many environmental objects do not have 
a monetary value or it is very difficult to identify such a 
value, but the results are very clear and interpretable. 

The ecological footprint (EF) is about carrying capac-
ity. It is generally used in environmental sciences and in 

sustainable development. The results used to be shown 
for a land area affected by man but this method is not 
very precise and does not include all the influences and 
functional relations. However, it produces results that are 
clear to the public. 

Emergy analysis (EMA/EA) measures values of re-
sources, services and commodities in a quantitative way 
on the basis of the solar energy (‘the system necessary for 
a product or service’). It is holistic but the results are not 
easily interpretable. 

The index of biotic integrity (IBI) focuses on ecosys-
tem health evaluation. It is about the ability of an eco-
system to maintain a community of organisms. It can be 
presented by an Amoeba chart that includes different spe-
cies (see below). 

Positional analysis (PA) is a planning tool that analy-
ses the effects of decision actions on systems and possible 
action conflicts. It can directly support decision-making 
and can be used in local context with holistic results.

Human appropriation of net primary production 
(HANPP) compares potential primary production of bio-
mass in a region with actual and exploited biomass of 
plants. In comparison with EF, it is more convenient for a 
limited area (with clear boundaries).

The use of modern technology, e.g. geographical in-
formation systems (GIS) and internet-based surveys for 
documentation of facts and phenomena dispersion, is 
recommended. Data gathering can be very expensive and 
therefore many subjects look for indicators based on cur-
rently available data.
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Main Ecosystem Health Indicators

Landscape and Land Cover Indicators
Agricultural landscapes have three important features: 
structure, functions and values (cultural, maintenance 
costs, etc). All these landscape items can be assessed. 
OECD uses these main landscape indicators:

• Physical appearance and structure of landscape (com-
ponents of landscape structure)

• Landscape management (management schemes to 
maintain and restore the landscape)

• Landscape costs and benefits (the value society 
places on landscapes and the costs of maintaining and 
enhancing these).

Landscape structure is the basic landscape indicator. It is 
based on landscape typologies with a region-focused ap-
proach. Landscape structure is evaluated from two points 
of view: 

a) Environmental features and land use patterns (habi-
tats, changes in land use etc.)

b) Man-made objects (cultural features on agricultural 
land).

Landscape management includes the share of agricultur-
al land under public and private schemes for landscape 
maintenance and enhancement. Landscape value is ana-
lysed from two perspectives:

a) The costs of maintaining (or enhancing) landscape 
provision by agriculture

b) The public valuation of agricultural landscapes.

Landscape monetary values can be indicated by 
Contingent Value Methods (CVM). However, landscape 
value indicators are scarce and need international harmo-
nisation (Table 21.3). They are state (S) or response (R) 
type, e.g. number and distribution of identified heritage 
objects, number of trained heritage professionals, etc. 

Soil, Water and Nutrient Indicators
The soil is a specific part of the ecosystem that needs spe-
cial indicators because it is a complex organic and inor-

ganic system. According to the USDA Natural Resources 
Conservation Service (1996), soil quality indicators can 
be categorised into four groups:

• Visual indicators (obtained from observation or 
photographic interpretation), e.g. exposure of subsoil, 
changes in soil colour, runoff, windblown soil

• Physical indicators (arrangement of solid particles 
and pores), e.g. topsoil depth, bulk density, porosity, 
texture, compaction

• Chemical indicators (chemical properties), e.g. 
measurements of pH, salinity, organic matter, nutrient 
cycling, contaminants

• Biological indicators (micro- and macroorganisms, 
and their activities or byproducts), e.g. earthworms, 
nematodes, respiration rate (to detect microbial activ-
ity), ergosterol (fungal byproduct), decomposition rate.

Research explicitly addressing the soil quality concept 
began in earnest in the early 1990s as investigators sought 
to validate holistic approaches to soil assessment and test 
the efficacy of minimum data sets that could be devel-
oped for use by frameworks evaluating agricultural sus-
tainability. Approaches to measurement and scale of ap-
plication ranged from farmer-orientated, applied projects 
to research-orientated efforts evaluating indicators and 
their relationship to outcomes of interest and policy-
scale efforts seeking to link practice with programmes or 
economic inducements and/or quantify programme suc-
cess. Many efforts to develop soil quality indicators have 
sought farmer participation with the assumption that their 
local knowledge of context is an important orientating 
factor for point-scale evaluation of soil quality (Wander 
et al., 2002; Liebig et al., 1996; Schjonning et al., 2004). 

Soil organisms are indicators of soil quality but direct 
soil biodiversity measurement is expensive and therefore 
its substitution is desirable (Büchs, 2003). The faunal in-
dicators for soil quality must form a dominant group and 
occur in all soil types, have a high abundance and high 
biodiversity and play an important role in many soil proc-
esses. One of the animal groups that fulfils these condi-
tions is the nematodes. Natural conditions are often inde-
pendent of management intensity, so it can help farmers 
to improve their management practices only partly. Soil 
microorganisms are attracting interest because they react 
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Landscape dimension Thematic indicator group Indicator item

Landscape features Landscape composition (e.g. landscape/land-use compo-
nents comprising the landscape, contextual information)

Stock and change in broad land cover categories
Stock and low land coverland use matrices

Landscape configuration (e.g. structural arrangement of 
landscape elements)

Fragmentation
Diversity
Edges
Shape

Natural landscape features (state and change) Stock and change of biotopes and habitats
Hemerobie (naturalness)
Habitat/Biotope fragmentation
Habitat/Biotope diversity
Habitat/Biotope quality

Historical-cultural landscape features (state and change) Point features
Linear features
Area features

Present-cultural landscape features (state and change) Point features
Linear features
Area features

Human perception Visual and aesthetic value -

Landscape management, conser-
vation and protection schemes

Cultural landscape protection/conservation -

Nature conservation/protection -

Table 21.3. Possible classification of landscape indicators (Eiden, 2001).

rapidly to stress by altering community structure (spe-
cies richness and composition), activity rates (e.g. me-
tabolism) and biomass production. Important processes 
such as nitrogen turnover are controlled by microbiologi-
cal processes (Dilly and Blume 1998; Stenberg, 1999). 
In Germany a soil quality index has been developed to 
describe environmental conditions that influence inver-
tebrates, (e.g. spiders, beetles) or plant species in the 
Czech Republic. Collembola, Oribatida and Nematoda 
are proposed for soil monitoring. There is active work on 
nematodes in the Netherlands and the US. 

Biota are advocated as soil quality indicators because 
they play a key role in the transformation and circu-
lation of organic matter and nutrients that respond to 
changes in the environment and micro-climate prompt-
ly. Despite this fact, measures of biomass or respiration 
continue to be explored but have not been included in 
interpretive frameworks. Modelling frameworks may 
be needed to help us use indicators such as soil bacterial 
activity, which reflects the set of factors that regulate 
the nutrient cycle, from management decisions or out-
come assessment. 

Weeds can also be used for indication of soil condi-
tions (see next section). The soil nutrient balance can be 

assessed by nitrogen and phosphorus balance and organic 
carbon content in soil, the physical properties by soil ero-
sion and compaction, chemical pollution by contaminants 
content, acidification or salination. The main soil proc-
esses and their state can also be evaluated on the basis of 
thermodynamic criteria (entropy). A complex system of 
soil dynamic properties assessment has been developed 
by USDA/NRSC.

Frameworks for Soil Indicators
Interpretive frameworks for soil indicators vary from the 
farmer to regulatory scale. The following example was de-
veloped for farmers participating in a study of tillage ef-
fects on soil quality (Wander et al., 2002). Data were sum-
marised for individual farms and land uses (Figure 21.4).

Visual summaries have a utility that quantitative esti-
mates lack, but the use of indicators in scoring functions 
helps producers consider trade-offs in soil function. For 
example, data from the same study showed contrasts in 
outcomes for the nutrient and water quality functions for 
the conventionally tilled (CT), no-till (NT) and non-dis-
turbed (ND) scenarios (Table 21.4). 

Water in the agricultural landscape should be of good 
quantity and quality. From the point of view of produc-
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Figure 21.4. Soil organic matter quality (a radar diagram). Conventional tillage for maize-soybean systems = solid line; no-till for maize-soybean = 
hatched; undisturbed or minimally disturbed grass-covered areas = light dashed area that is the benchmark for local region.

Table 21.4. Scoring functions computed for the Illinois Soil Quality 
Initiative computed using Karlen and Stott’s (1994) approach. 

Soil function indicators Calculated values

Soil water relations =
 f(residue cover, porosity, aggregate stability, 
C content, macropores)

CT  2.45
NT  3.10 
ND  4.60

Nutrient supply =
f(available N, P, K, C content, pH)

CT  4.25
NT  4.00
ND  4.00

Rooting environment t=
f(POM5-15 cm, bulk density, penetration 
resistance, C content, pH) 

CT  4.35
NT  2.95
ND  4.10

tion, two of the most important indicators are the water use 
intensity and the water contamination. The EU Common 
Agricultural Policy (CAP) supports improving the state 
of irrigation infrastructure and irrigation techniques and 
protecting water quality in respect of pesticides and ni-
trates. Water and nutrients are dynamic natural elements 
in change, and therefore the balance (water and nutrient 
inputs, flow and outputs) is considered the object of as-
sessment (e.g. soil surface nitrogen balance). Soil, water 
and also air are polluted by agricultural activities that are 
assessed by indicators included in many schemes (e.g. 
pesticide soil contamination, water contamination, meth-
ane emissions to air). 

Biodiversity Indicators
The quantitative links between landscape patterns (ma-
trix) and biodiversity have been also studied but it is 
difficult to find appropriate indicators of overall species 
richness of the landscape. Mosaic indicators are in the 

process of development, using e.g. amoeba charts pre-
senting selected indicator species or habitat conditions. 
This type of diagram is excellent for a rough comparison 
of different states (different methods of landwork induce 
different changes in the landscape). 
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The Biodiversity Action Plan for Agriculture issued by 
the EU Commission proposes a set of indicators for evalu-
ation of biodiversity focusing on reduction of agricultural 
inputs, crop patterns benefiting flora and fauna, species 
in need of protection, high nature-value habitats, ecologi-
cal infrastructure (e.g. field boundaries, non-cultivated 
patches), valuable habitats and endangered species. 

Biota are singled out as promising indicators because 
they are sensitive to the changing agricultural landscape. 
Historically, biodiversity was characterised based on spe-
cies richness and abundance or dominance of species. 
Today diversity is no longer used as a measure of sys-
tem health and we know that higher biodiversity does not 
mean higher ecozoological stability. Species richness is 
considered along with genetic variability, including di-
versity sub-species (species genetical plasticity) and life 
habit. The challenge is to understand the functional role 
organisms play as they interact with changing environ-
mental conditions. Managers increasingly argue for sys-
tems that achieve an acceptable level of resistance and 
resilience. There can be no single biodiversity indicator 
but the indicator depends on the biodiversity entity to 
be evaluated and is influenced by professional motiva-
tions. In determining ecosystem sustainability indicators, 
the following species properties are decisive: available 
quantitative data on species abundance, the species must 
be sensitive to interference by man, accessible and ac-
curately measurable and with an indicative value for the 
ecosystem conditions. 

Research on indicators is actively evaluating plant and 
animal species; the greater motility of animals allows 
them to respond to management faster than plant species 
and so more work has been done on animal indicators. 
Organisms such as spiders and beetles, which react in very 
short time periods and can be tied to particular trophic lev-
els, are among the more popular indicators. This explains 
why faunal indicators are more commonly used in frame-
works than plant species. Prominent examples are water 
quality indicators. Soil nematodes provide a good exam-
ple of this as community composition and life cycle char-
acteristics reveal much about the disturbance frequency, 
habitat quality and nutrient enrichment level of a soil. 

In order for bioindicators to be useful, it must be pos-
sible to relate them to ecosystem function and, ideally, 
some course of management that could enhance indicator 

performance. Each organism and its community reflects 
a complex of mutually responding factors in the environ-
ment. Each organism responds to the presence of new or 
changing factors in a different way and these responses 
and changes indicate it. Degree of plant community deg-
radation can also indicate changes in the environment 
(quantitative and qualitative changes in the species com-
position of biocenoses). Some bioindicators are selected 
because they represent harmful agents (disease-causing 
species) or degradation of communities (invasive spe-
cies). The indicative channel between the habitat and 
invasive species is bi-directional (habitat ⇔ species). 
While the habitat conditions define the group of species 
preferring the given habitat type, the occurrence of a cer-
tain species also indicates the environment’s character 
(Figure 21.5). A plant or animal community category can 
predict a more frequent occurrence of some species. For 
example, the relative abundance of native species and 
biomass reduction indicates landscape degradation (with 
possible exceptions).

Weeds can be used for rapid and visual indication of 
soil conditions, e.g. for soil structure, nutrient content, 
moisture, cultivation, etc. In addition, weed species may 

Box 21.1. Ecosystem Health Indicators in 
the North American Great Lakes Basin

Indicators for ecosystem health have been proposed after a 
detailly analysis. The Great Lakes indicators can be regrouped 
according to environmental compartment (e.g., air, water, land, 
sediment, biota, humans) by Great Lakes issues (e.g., contami-
nants and pathogens, nutrients, non-native species, habitat, cli-
mate change). The main indicators evaluated in the Great Lake 
Basin are the following ones: 

• Toxic contaminants.
• Land use: localization of large urban areas, recreational 

and industrial activities,  occurrence of rare species etc.). 
Current land use decisions throughout the basin are affect-
ing the chemical, physical and biological aspects of the eco-
system.

• Invasive species: occurrence of invasive non-native species 
and its impact on Great Lakes ecology and economy.

• Habitat status: localization and stadium of habitats (diversity, 
degradation), e.g.  watershed, tall-grass prairie, island. Many 
factors, including the spread of non-native species degrade 
plant and animal communities.
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have different ecotypes growing in different habitats and 
growth characteristics of weeds also may indicate soil 
conditions (Hill and Ramsay, 1997). Figure 21.6 provides 
an example of a visual framework that allows the user 
to quantify the expansive weeds in an amoeba-type indi-
cator (amoeba-chart, ray diagram, cyclogram, radar-dia-
gram). Changes in the irregular, amoeba-shaped line indi-
cate changes in agro-ecosystem biodiversity. An indicator 
expressed like this does not fully replace other indicators. 
It helps to evaluate ecological conditions of the environ-
ment (ecological gradient) and the effect of man on the 
agricultural landscape. 

For ecozoological biodiversity evaluation with invasive 
species, it is advisable to use indicators of the amoeba chart 
that also include rare, protected and endangered species of 
synanthropic plants. The most common agri-biodiversity 
indicators are based on evaluation of rare species (McRae 
et al., 2000). In addition, the proportion of invasive and 
expansive species to ecozoologically valuable species 
should be considered. The indicator takes the abundance 
of individual species into account only semi-quantitatively 
(in cases where the number of sites is shown, information 
about the size of a population may be lacking). A species 
may also be quantified by the rate of infection in the given 
area. The amoeba chart is used also in evaluating the eco-
logical integrity. This diagram is easy to use, which is its 
strength. It allows for quick and direct evaluation of the 
‘health’ of an ecosystem and is very cheap. The weak side 
of the amoeba chart is the fact that it does not replace other 

methods, and it is difficult to define whether a certain phe-
nomenon has appeared as a consequence of man’s activ-
ity or is of natural origin. Finally, it evaluates symptoms, 
not causes. In the case of expanding weed populations, it 
fails to update the species scope of the indicator at various 
space and time horizons. 

Figure 21.6. Statistical restriction of expansive weeds in the Žitný 
Ostrov Region, Slovakia (canonical correspondence analysis accord-
ing to the bond with a certain type of preferred habitat, Fehér and 
Končeková, 2005). Abbreviation of species: Abth – Abutilon theophrasti, 
Amar – Ambrosia artemisiifolia, Ampo – Amaranthus powelli, Aran – Artemisia 
annua, Asla – Aster lanceolatus, Asno – Aster novi-belgii, Bifr – Bidens frondo-
sa, Caru – Cannabis ruderalis, Erca – Conyza canadensis, Faja/Fabo – Fallopia 
japonica and F. x bohemica (evaluated together), Hean – Helianthus annus, 
Imgl/Impa – Impatiens glandulifera and I. parviflora (same position), Ivxa 
– Iva xanthiifolia, Lyba – Lycium barbarum, Pami – Panicum miliaceum and 
other invasive Panicum species, Rupa – Rumex patientia, Soca – Solidago 
canadensis, Sogi – S. gigantea, Soha – Sorghum halepense, Stan – Stenactis 
annua.

Figure 21.5. Two pathways of biodiversity indication. A. Habitat condi-
tions indicate which species can occur there. B. Occurrence of a certain 
species in a habitat indicates the character or soil-climate conditions 
and intensity or frequency of the environment degradation (e.g. un-
wanted neophytes indicate potential environmental and/or economic 
losses in the system) (Fehér and Končeková, 2005).
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Economic and Social Evaluation of Rural 
Development

Economic Indicators 
Economic indicators of sustainable agriculture typically 
focus on efficient resource use, the competitiveness and 
viability of agriculture and rural development (e.g. diver-
sification of income sources). The social indicators often 
relate to labour opportunities and access to resources and 
services. The European Commission promotes the socio-
economic function of multifunctional agriculture in main-
taining the viability of rural areas and balanced regional 
development by generating employment in primary pro-
duction and the supply and processing/distribution chains.

The economic and social indicators relate not only 
to agriculture but also rural development. The Rural 
Development Regulations of the EU state that rural de-
velopment plans must include provisions to ensure the 
effective and correct implementation of the plans, includ-
ing monitoring and evaluation. The economic and social 
indicators analyse: 

• Stocks (state and flow indicators on stocks) 
• Efficiency

-	in the economic dimension: output indicators 
(quality and quantity)

-	in the social dimension: indicators of employment 
and institutional efficiency

• Equity
-	in the economic dimension: indicators of the vi-

ability of rural communities and the maintenance 
of a balanced pattern of development

-	in the social dimension (territorial, sectoral, social 
and ethical indicators): indicators of access to re-
sources/services and opportunities, equal opportu-
nities, labour conditions and animal welfare. 

In economic evaluation, a distinction is made between 
market and non-market outputs. Efficiency indicators 
link both types of outputs and can be proposed to com-
bine them with competitiveness and viability indicators. 
During the process of indicator development, non-market 
environmental and cultural amenity values have been cre-
ated. Economic indicator sets are based on the valuation of 
marketed goods (on the basis of individual preferences). 

There are two kinds of preferences: the revealed prefer-
ences (observed, actual preferences) and stated preferences 
(expressed preferences). They consider use values (e.g. for 
recreational activities) and non-use values (based on will-
ingness-to-pay e.g. for aesthetic beauty of the landscape).

Economic assessment uses a set of methods based 
on different direct and indirect approaches, e.g. hedonic 
price analysis (estimation of implicit prices for individu-
al attributes of a market commodity), market prices, con-
tingent valuation (scenario construction), multi-criteria 
analysis (identifying decision criteria), etc. From a prac-
tical point of view, there are some economic techniques 
that are in use with efficiency, e.g. cost-benefit analysis 
(CBA) of investments, natural resource damage assess-
ment (NRDA, payments for natural resources injuries) 
or environmental costing (ECo, e.g. for health damage).

Socioeconomic Indicators 
Examples of economic and social indicator fields and/or 
indicators for sustainable agriculture and rural develop-
ment include: 

Stocks: Number of people employed in agriculture, age 
structure of agricultural labour force, agricultural 
education and training, fixed assets and stocks in 
agriculture, investment aids.

Efficiency: Quantity (in energy terms), organic agricul-
ture, capital productivity, labour productivity, land 
productivity, energy efficiency.

Equity: Migratory balance, age structure, poverty rate, 
jobless households, early school-leavers.

Economic productivity, social responsibility and envi-
ronmental protection together make up an inseparable 
whole. Agricultural production needs to be directed more 
towards sustainable land use (cf. Agenda 21, Chapter 14). 
Any planning of sustainable land use includes means 
and instruments for land use strategy. This strategy im-
plementation should be in a suitable location for various 
land users and aim for the improvement of space and 
physical conditions of agricultural landscape in long-
term use. It should include the protection/conservation 
of natural resources in balance with people’s needs. In 
order to achieve productive and sustainable agriculture, 
it is necessary to determine a reliable and exact evalua-
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Stock of natural resources af-
fected by agriculture

Environmental emissions  
from agriculture

Farm management practices 
and resource use efficiency

Land use
•  land use changes
Soil resources
•  soil erosion
•  soil organic carbon
•  soil biodiversity
Water resources
•  total agricultural water use
•  groundwater use and recharge
Biodiversity
•  genetic level
•  species level
•  ecosystem level

1. Water emissions
Nutrient balances 
•  nitrogen balance
•  phosphorus balance
Pesticide use and risks
•  aquatic
•  territorial
•  human health risks
Water quality
•  risk indicators
•  state indicators

2. Air emissions
Ammonia emissions

3. Atmospheric emissions –  
Climate change
Agricultural energy balance and  
greenhouse gas emissions

Resource use efficiency

Farm management
•  nutrient
•  pest
•  soil
•  water
•  biodiversity
•  whole farm

Table 21.3. Agri-environ-
mental indicators pro-
posed by OECD (2001).

tion of ecological conditions and relationships. Policy-
makers need indicators interpretable for them (e.g. Reid 
et al., 1993). Many indicators for sustainable development 
have been accepted on an international level (e.g. annex 
of Agenda 21; for European agri-environmental indica-
tors see Washer, 2000). At present there are several lists 
of indicators for sustainable agriculture, e.g. the OECD, 
EEA, UNEP, USDA etc. (OECD, 2001; EEA, 2004; 
Parris, 2002). For the time being, a universal (holistic) 
indicator for evaluation of changes in agri-ecosystems 
has not been created, but minimum composite indicators 
are expected to combine a set of assessment criteria. The 
OECD uses its own agricultural indicators classified into 
four groups (Table 21.3). The OECD has its own database. 
The indicators rely on existing figures or new uncollect-
ed data. EUROSTAT provides statistical information re-
quired by the EU Commission (it includes also the Farm 
Structure Survey, livestock and crop production data and 
the Economic Accounts for Agriculture) and also the Farm 
Accountancy Data Network (FADN). The priorities of the 
European Environmental Agency (EEA) include agri-en-
vironmental issues such as soils, land cover, etc. 

European Union Assessment of Agriculture
There are many useful sources for assessment in the 
EU, e.g. the Farm Structure Survey. The LUCAS project 

(Land Use/Cover Area Frame Statistical Survey) pro-
vides geo-referenced information. There are many ac-
tivities in research and development of assessment and 
indicators of agriculture. The Joint Research Centre 
has developed European geo-environmental databas-
es on soil, land cover, river basins and climate, the 
European Environment Agency collects information on 
air emissions, land cover, water quality and nature or 
biodiversity. To develop EU agri-environment indica-
tors, a project has been started called IRENA (Indicator 
Reporting on the Integration of Environmental 
Concerns into Agricultural Policy). Within this project, 
indicator fact sheets and some reports have also been 
produced (based on DPSIR framework). There are 
many other projects, e.g. AIR, FAIR and ELISA (the 
Environmental Indicators for Sustainable Agriculture) 
in the EU, which has identified 22 state indicators re-
lated to soil, water, air, biodiversity and landscape. 
According to the EU Commission the indicators for the 
integration of environmental concerns into the CAP 
are important in transparency, accountability and en-
suring the success of monitoring, control and evalua-
tion (European Commission, 2001; Commission of the 
European Communities, 2000, 2001). These indicators 
promote the effectiveness of policy implementation 
and may support the Global Assessment process. The 
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Box 21.2. Indicators for the 
integration of environmental 
concerns into the Common 

Agricultural Policy (CAP) of EU

 1. Area under agri-environment support
 2. Regional levels of good farming practice
 3. Regional levels for environmental targets
 4. Area under nature protection
 5. Market signals: organic producer price premiums
 6. Technology and skills: holder`s training level
 7. Area under organic farming
 8. Quantities of nitrogen (N) and phosphate (P) fertilisers used
 9. Consumption of pesticides
 10. Water use intensity
11. Energy use
12. Land use: topological change
13. Land use: cropping/livestock patterns
14. Management
15. Trends: intensification/extensification, specialization
16. Trends: specialisation/diversification
17. Trends: marginalisation
18. Soil surface nutrient balance
19. Methane (CH4) emissions
20. Pesticide soil contamination
21. Water contamination
22. Groundwater abstraction
23. Soil erosion
24. Resource depletion: land cover change
25. Genetic diversity of species
26. Area of high nature value, grasslands, etc.
27. Production of renewable energy resources
28. Species richness
29. Soil quality
30. Nitrates/pesticides in water
31. Groundwater levels
32. Landscape state
33. Impact on habitats and biodiversity
34. Share of agriculture in emissions, nitrate contamination, wa-

ter use
35. Impact on landscape diversity

Source:  European Commission, 2001

indicators for assessing the integration of environmen-
tal concerns into CAP need to:

• Identify the key agri-environmental issues that are of 
concern in Europe today

• Understand, monitor and evaluate the relationship 
between agricultural practices and their beneficial and 
harmful environmental effects

• Assess the extent to which agricultural policies 
respond to the need to promote environmentally 
friendly agriculture and communicate this to policy-
makers and the wider public

• Monitor and evaluate the site-specific environmental 
contribution of Community programmes to sustain-
able agriculture

• Map the diversity of agri-ecosystems in the European 
Union and candidate countries (this has particular 
relevance in expanding to the EU’s trading partners 
the specificity of the farmed environment in Europe).

Indicators to Survey and Analyse Rural Development 
A possible set of headline indicators focused on key is-
sues without complexity has been proposed (nitrogen bal-
ance for harmful and beneficial processes, bird species in 
agricultural land for site-specific state, landscape diver-
sity for global environmental impact, and others).

There are not only international but also national in-
dicators developed for the specific conditions of a coun-
try. These indicators can be adopted from international 
indicator sets. For example, in Finland four landscape 
indicators have been evaluated and proposed for national 
use: edge density of field margins (structure), change in 
openness of agricultural landscape (function), utilisation 
rate of rural tourism accommodation (value) and building 
permits for houses and farming purposes in rural areas 
compared with cities and densely built-up areas (value) 
(Hietala-Koivu, 2002). After the Millennium Ecosystems 
Assessment 2005 (MA) it is clear that no single indicator 
can represent the totality of the various drivers of changes 
in biodiversity or in ecosystems. Some direct drivers of 
change have relatively straightforward indicators, such 
as fertilizer usage, water consumption etc. Indicators 
for other drivers, including biological invasions, climate 
change etc. are not as well developed, and data to meas-
ure them are not as readily available. Changes in biodi-

versity and in ecosystems are usually caused by different 
interacting drivers. Case studies of deforestation and de-
sertification reveal that the most common type of interac-
tion is synergetic. Based on the findings of the sub-global 
assessments of the MA and recent literature only few ex-
amples of causal linkages for ecosystem change can be 
given. Indicators thus are of limited value for analysing 
the causes of ecosystem change.



References

316

Manteuffel Szoege, H. and Sobolewska, A. 2003. Wpływ modernizacji 
gospodarki odchodami zwierzęcymi na zmiany emisji azotu do wód 
powierzchniowych i podziemnych. In: Zeszyty Naukowe Politechniki 
Białostockiej - Inżynieria Środowiska, No. 16, pp. 176-183.

Maruszczak, 1988. Zmiany środowiska przyrodniczego kraju w czasach 
historycznych. [W:] Przemiany środowiska geograficznego Polski. 
Zakł. Nar. im. Ossolińskich. Wrocław- -Warszawa, 109–135 (in 
Polish).

Mosiej, J. and Wyporska, K. 2004. Uwarunkowania i możliwości real-
izacji wymogów w zakresie ochrony środowiska na obszarach wie-
jskich. In: Polska w Unii Europejskiej – nowy wymiar współpracy 
międzynarodowej w ochronie środowiska, Radom, pp. 183 – 203.

Pierzgalski, E. 2002. Ograniczenia w gospodarowaniu wodą na ob-
szarach dolinowych wynikające z konwencji i programów ochrony 
przyrody. In: Wiadomości Melioracyjne i Łąkarskie, No 3, pp.128-
131.

Pijanowski, Z. 2006. Rozwój obszarów wiejskich w Polsce a dyscyplina 
naukowa „kształtowanie środowiska”. Przegląd naukowy „Inżynieria 
i Kształtowanie Środowiska”, Roczn. XV, nr 2(34), 5-18.

Rajda, W. 2005. Woda w zagospodarowaniu przestrzennym obszarów 
wiejskich. Post. Nauk Roln., nr 3, 33-42.

Ryszkowski, L. and Kędziora, A. 2007. Sustainability and multifunction-
ality of agricultural landscapes. Materialien der Interdisziplinären 
Arbeitsgruppe, Zukunftsorientierte Nutzung ländlicher Räume 
- LandInnovation, Materialen 15, Berlin-Brandenburgischen 
Akademie der Wissenschaften, Berlin, pp. 3-23.

Ryszkowski, L. and Kędziora, A. 2008. The influence of plant cover 
structures on water fluxes in agricultural landscapes. In: Bossio, D., 
Geheb, K. [Eds] Conserving land, protecting water. Comprehensive 
Assesment of Water Management in Agriculture Series 6, Centre 
for Agricultural Bioscience International, Wallingford, UK, pp. 163-
177.

Sadurski, A. 2001. Polskie zmagania z wodą. In: Jak wygrać bitwę o 
wodę?, Świat Nauki, Kwiecień, pp. 41

Somorowski, C. 1996. Współczesne problemy melioracji. Wyd. SGGW 
(in Polish).

Steyaert, P., and Ollivier, G. 2007. The European Water Framework 
Directive: how ecological assumptions frame technical and social 
change. In: Ecology and Society 12(1): 25. Available online: http://
www.ecologyandsociety.org/vol12/iss1/art25/ES-2007-2018.pdf

Swatoń, J. and Rogowski R.J. 2002. Informacja o projekcie ‘Ochrona 
Środowiska na Terenach Wiejskich’ - doświadczenia i nauki płynące 
z Polski. In: Materiały z seminarium „Ograniczenia zanieczyszczeń 
pochodzenia rolniczego – wzorcowa praktyka’, Przysiek k/ 
Torunia.

Wierzbicki, K. and Krajewski, K. 2003. Infrastruktura technic-
znaobszarów wiejskich warunkiem ich poprawnego rozwoju. In: 
Wiadomości Melioracyjne i Łąkarskie, 3: 108 -112.

WWF Polska GWP Polska, 2005. Zasady gospodarowania na ob-
szarach NATURA 2000 w dolinach rzek. Warszawa

Chapter 21

Baelermanes, A. M., B. 1988. A critical evaluation of environmental as-
sessment tools for sustainable foerst management Proceedings of the 

International Conference of Life Cycle Assessment in Agriculture, 
Agro- Industry and Forestry. D. Ceuterick. Brussels: 65-75.

Bell, S. and Morse, S. 2000. Sustainability indicators. Measuring the 
immeasurable? London: Earthscan Publications Ltd.

Benites, J.R. and Tschirley, J.B. 1997. Land quality indicators and their 
use in sustainable agriculture and rural development. In: FAO Land 
and Water Bulletin, 12:5, pp 2–6.

Bossel, H. 2001. Assessing viability and sustainability: a systems-based 
approach for deriving comprehensive indicator sets. Conservation 
Ecology 5(12): URL: http://www.consecol.org/vol5/iss2/art12/ (re-
trieved 20120925)

Büchs, W. (ed.) 2003. Biotic indicators for biodiversity and sustainable 
agriculture. Amsterdam: Elsevier 

Commission of the European Communities. 2000. Indicators for the in-
tegration of environmental concerns into the Common Agricultural 
Policy. Brussels: CEC, 26 pp.

Commission of the European Communities. 2001. Biodiversity Action 
Plan for Biodiversity. Comunication from the Commission o the 
Council and the European Parliament. Brussels: CEC, 52 pp.

Cox, C. 2008.  Beyond T: Standards and Tools for Sustainable Soil 
Management. A Report of Expert Consultation. Report summarizes 
outcome of consult held May 22-23, 2007. Nebraska City, Nebraska. 
IA, Soil and Water Conservation Society.

Dilly, O. and Blume, H.P. 1998. Indicators to assess sustainable land 
use with reference to soil microbiology. In Blume, H.P. et al. (eds.). 
Towards sustainable land use. Furthering cooperation between peo-
ple and institutions. Reiskirchen: Catena Verlag, pp. 29-36.

Doherty, S. and Rydberg, T. 2002. Ecosystem properties and principles 
of living systems as foundation for sustainable agriculture – critical 
reviews of environmental assessment tools, key findings and ques-
tions from a course process. Ekologiskt Lantbruk no 32, Uppsala: 
SLU.

Eiden, G., Bryden, J. and Piorr. H.-P. (eds.) 2001: Proposal on agri-envi-
ronmenal indicators. Final report of the PAIS project. Luxembourg: 
EUROSTAT. 

European Commission. 2001. A framework for indicators for the eco-
nomic and social dimensions of sustainable agriculture and rural 
development. Brussels: CEC.

European Environment Agency. 2004. An inventory of biodiversity 
indicators in Europe. Technical report no 92. Office for Official 
Publications of the European Communities. Luxembourg: European 
Communities.

Fehér, A. and Končeková, L. 2005. An analysis of indicators for sustain-
able land use based on research in agricultural landscape. In Filho, 
W.L. (ed.) Handbook of sustainability research. Frankfurt am Main: 
Peter Lang Europäischer Verlag der Wissenschaften, pp. 48-67.

Heinz, John H. III Center for Science, Economics and the Environment, 
2002. The State of the National Ecosystems. Measuring the Lands, 
Waters, and Living Resources of the United States Cambrige 
University Press, New York NY.pp.269.

Heinz, John H. III Center for Science, Economics and the Environment, 
2008. The State of the National Ecosystems. Measuring the Lands, 
Waters, and Living Resources of the United States Island Press, 
New York NY. Pp. 368. Washington, DC.

Hietala-Koivu, R. 2002. Landscape indicators bridging nature and man 
– structure, function and value of an agricultural landscape. Paper 



References

317

at the NIJOS/OECD Expert Meeting on Agricultural Landscape. 7-9 
October 2002, Oslo, pp. 1-9.

Hill, S.B. and Ramsay, J. 1997. Weeds as indicators of soil conditions. 
EAP Publications no  67. Ecological Agriculture Projects. McGill 
University, http://www.eap.mcgill.ca/publications/EAP67.htm

Jesinghaus, J. 1999. A European system of environmental pressure indi-
ces. First Volume of the environmental pressure indices handbook: 
The indicators. http://esl.jrc.it/envind/theory/handb_.htm (retrieved 
20120925)

Karlen, D. L., Stott, D. E., 1994. A framework for evaluating physical 
and chemical indicators of soil quality. In: Doran, J.W., Coleman, 
D.C., Bezdicek, D.F., Stewart, B.A. (Eds.), Defining Soil Quality 
for a Sustainable Environment. Soil Science Society of America 
(SSSA) Special Publication No. 35. SSSA, Madison, WI. pp. 53-
72.

Liebig, MA., JW. Doran and JC. Gardner. “Evaluation of a field test kit 
for measuring selected soil quality indicators.” Agronomy journal 
88.4 (1996):683-686.

Lopez-Riduara, S., van Keulen, H., van Ittersum. M., Leffalaar, P. 
2005. “Evaluating the sustainability.” A MESMIS framework. Ecol 
Indicators (2).

McRae, T., Smith, C.A.S. and Gregorich, L.J. (eds.) 2000. Environmental 
sustainability of Canadian agriculture. Report of the agri-environ-
mental indicator project of Canada, Ottawa: Agriculture and Agri-
Food.

Meyer, J.R. 1992. Indicators of the ecological status of agroecosys-
tems. In: McKenzie, D.H. et al. (eds.). Ecological Indicators. Essex: 
Elsevier Science Publ, pp. 629–658.

National Research Council, 2000. Ecological indicators for the nation. 
Washington DC: National Academy Press. 180 pages. Available on-
line at: http://www.nap.edu/catalog.php?record_id=9720 (retrieved 
20120925)

Organisation for Economic Co-operation and Development. 2001. 
Environmental indicators for agriculture. Methods and Results, 
Executive summary 2001 etc. Paris: Organisation for Economic Co-
operation and Development, www.oecd.org.

Parris, K. 2002. Agricultural landscape indicators in the context of the 
OECD work on agri-environemntal indicators. Paper at the NIJOS/
OECD Expert Meeting on Agricultural Landscape. 7-9 October 
2002, Oslo, pp. 1-9.

Piorr, H-P. 2003. Environmental Policy, agri-environmental indica-
tors and landcape indicators. In: Agriculture, Ecosystems and 
Environment 98, pp. 17-33. 

Reid, W.J., McNeely, J.A. and Tunstall, D.B. et al. 1993: Biodiversity 
indicators for policy-makers. World Resources Institute and IUCN. 
Washington: World Conservation Union.

Ritcher, D.D.  2007. Humanity’s transformation of Earth’s soil: 
Pedology’s new frontier. In: SOIL SCIENCE, 172: 957-967.

Schjonning, P. Elmholt S., and Christinsen, B. (eds). Managing Soil 
Quality: Challenges in Modern Agriculture. pp 386. CABI Press.  
Wallingford, Oxfordshire.

Shaxson, T.F. 1998. Concepts and indicators for assessment of sustain-
able land use. In: Blume, H. P. et al. (eds.). Towards sustainable 
land use. Furthering cooperation between people and institutions. 
Reiskirchen: Catena Verlag, pp. 11–19.

Stenberg, B. 1999. Monitoring soil quality of arable land. Microbiological 
indicators. In: Acta Agriculturae Scandinavica 49:1, pp. 1–24.

Tugel AJ, Herrick JE, Brown JR, Mausbach MJ, Puckett W, Hipple K. 
2005.  Soil change, soil survey, and natural resources decision mak-
ing: A blueprint for action.  SSSAJ 69: 738-747.

USDA Natural Resource Conservation Service. 1996. Indicators for Soil 
Quality Evaluation. Soil Quality Information Sheet. Washington: 
USDA NRCS.

Wander MM, Walter GL, Nissen TM, Bollero GA, Andrews SS. 2002. 
Soil quality: Science and process. Agronomy journal 94(1):23-32.

Van Cauwenbergh, N. , K. Biala, Bielders, B., Brouckaert, V., Franchois, 
L., Garcia Cidad, V., Hermy, M., Mathias, F., Muys, B., Reijnders,J., 
Sauvenier, X., Vlackx, J., Vanclooster, M., Van der Veken, B., 
Wauters, E., and A. Peeters. 2007. ”SAFE- A heirarchical frame-
work for assessing the sustainability of agricultural systems.”. In: 
Agriculture, Ecosystems and Environment 120: 229-242.

Wander, M.M. 2009.  Agroecosystem integrity and the internal cycling 
of nutrients.  In: Agricultural Ecosystems; Unifying Concepts II.  
Bohlen, P. and G. House. (eds). Taylor and Francis, NY. pp. 137-
166.In: Agricultural Ecosystems; Unifying Concepts II.  Bohlen, P. 
and G. House. (eds). Taylor and Francis, NY. Pp. 137-166.

Washer, D.M. (ed.) 2000. Agri-environmental indicators for sustaina-
ble agriculture in Europe. ECNC Technical Report Series. Tillburg: 
European Centre for Natural Conservation ECNC.

Chapter 22

Andersson, M., Hagberg, J., Weidner, H., Jänicke, M., Rydén, L. and 
Seminene, D. Making and implementing environmental policy. In: 
Rydén, L., Andersson, M. and Migula, P. (Eds). 2003. Environmental 
Science. Uppsala: BU Press. pp 662-690.

Baltic Sea Foundation, 2012. (http://www.baltic-sea-foundation.de
Convention on the Protection of the Marine Environment of the Baltic 

Sea Area, 1992 (Helsinki Convention) at: http://www.helcom.fi/stc/
files/Convention/Conv0704.pdf  (retrieved 20120925)

Derkzen, P. and Bock, B.B. 2007. “The Construction of Professional 
Identity: Symbolic Power in rural Partnerships in The Netherlands” 
In: Sociologia Ruralis, vol. 47; no. 3 pp. 189-204.

Dimitrova, A. 2010. “The New Member States of the EU in the 
Aftermath of Enlargement: Do New European Rules Remain Empty 
Shells?” In: Journal of European Public Policy vol. 17, no. 1, pp. 
137-148 

EEA, 2010. EEA Viewer. 
Easton, D. 1967. A Systems Analysis of Political Life, New York: John 

Wiley & Sons, Inc. 
Eurobarometer 67, 2007 http://ec.europa.eu/public_opinion/archives/

eb/eb67/eb67_en.htm (retrieved 20120925)
Eurobarometer 300, 2009 European’s attitudes towards climate change.

At http://www.ec.europa.eu/public_opinion/archives/ebs/ebs_300_
full_en.pdf. (accessed July 2012).

Falkner, G., Hartlapp, M., Leiber, S., and Treib, O. 2004. ”Non-
Complicance with EU Directives in the Member States: Opposition 
through the Backdoor?” In: West European Politics, vol. 27, no. 3, 
pp. 452-473


	ehsa 3_cover.pdf
	FULLTEXT02-7.pdf
	ehsa 1_cover.pdf
	FULLTEXT01-24.pdf




