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Abstract: Many indicator-based methods for the environmental assessment of farming 

systems have been developed. It is not the absolute values of the indicators that reveal 

whether the impact of a system is acceptable, but rather the distance between these values 

and some reference values. We reviewed eight frameworks for the environmental 

assessment of agricultural systems that define reference values for their indicators. We 

analyzed the methods used to establish reference values and explored how to improve 

these methods to increase their usage and relevance. This analysis revealed a striking 

diversity of terminology, sources, and modes of expression of results. Normative reference 

values allow the assessment of a single system with a previously defined value; Relative 

reference values are based on indicator values for similar systems or a reference system. 

Normative reference values can be Science-based or Policy-based. A science-based 

normative reference value can be a Target value, which identifies desirable conditions, or 

an Environmental limit, which is the level beyond which conditions are unacceptable.  

The quantification of the uncertainty of reference values is a topic which is barely explored 

and warrants further research. Reference values present a means of introducing site 

specificity into methods for environmental assessment which seems, at present, largely 

under-exploited. 

Keywords: reference value; threshold; fair earthshare; critical flow; sustainability standard; 

critical threshold values; baseline value; environmental minimum requirement 
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1. Introduction 

 

The sustainability of agricultural production systems has been the object of much study [1]. 

Sustainability has been defined in many ways, with the ―triple bottom line‖ approach, which aims to 

balance the three dimensions of sustainability, being the most widespread. This approach allows for 

trade-offs between the biophysical, social and economic spheres. We consider a hierarchical view of 

sustainability to be more appropriate. The hierarchical vision considers that biophysical limits to 

sustaining life on earth are absolute, and that ―societies cannot exist without a functioning life-support 

system, and economies can only flourish within a functioning social system with effective institutions 

and governance structures‖ [2]. 

To assess the sustainability of an agricultural production system, its impact on the environment 

must be quantified. Over the last decade many methods for the environmental assessment of farming 

systems have been developed. Several reviews have shown that these methods have become 

increasingly complex, integrating a variety of impacts and the latest scientific knowledge [3-10]. 

These methods have a similar structure consisting of seven stages which are more or less explicitly 

defined, depending on the method: (1) Definition of the system to be assessed; (2) Identification of the 

overall goal of the method and definition of the dimensions of encompassed sustainability;  

(3) Identification of objectives (issues of concern) to be considered in each dimension; (4) Selection or 

conception of indicators for each objective; (5) Establishment of reference values for each indicator; (6) 

Calculation of indicator values; (7) Interpretation of results, identification of improvement options.  

Indicators are essential features in all methods; they are a favored tool to understand complex 

systems, such as agricultural systems, and their impacts on the environment [11]. Girardin et al. [11] 

describe a procedure for developing an indicator. In this procedure, the determination of reference 

values, norms, or veto thresholds constitutes a key stage. This issue is important, because it is not the 

absolute values of the indicators that reveal whether the impacts of a system are acceptable, but rather 

the distance between these values and some reference values. Thus, reference values help to interpret 

the indicator value and may guide the evolution of a system towards an acceptable level defined in the 

objectives of the study [12]. Reference values are requested by users, because they help to interpret the 

method’s results.  

Defining a desirable state of the environment is not easy. There is a lack of data and knowledge 

about ecosystem functions, and about the level of impact that may negatively affect these functions. 

Only a minority of environmental assessment methods define reference values which distinguish 

acceptable from unacceptable impact levels. Thus most assessment methods reflect a ―less is better‖ 

approach, which allows their user to identify among several options the one having the lowest impact. 

This approach may seem environmentally responsible, but it is not good enough to evaluate impacts on 

natural systems [13] as it does not indicate whether ―less is good enough‖. 

The purpose of this paper is to review a variety of frameworks allowing the environmental 

assessment of agricultural systems, which define explicit reference values for their indicators. We 

analyze the methods used to establish reference values and explore how to improve these methods to 

increase their usage and relevance. 
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2. Description of the Methods 

 

An inventory of methods and tools for assessing environmental or overall sustainability of 

agricultural systems, or of economic activities in general, forms the basis of this article. We selected 

methods which explicitly establish reference values for their indicators from a literature review of 

methods published as journal articles, books, reports, conference proceedings, and on-line sources. We 

preferentially included methods published in peer-reviewed journals, which were actually applied to 

case studies. To ensure sufficient diversity we excluded methods with major similarities. The eight 

methods selected are described below, Table 1 summarizes the methods’ major characteristics. 

 

2.1. Framework for Evaluating Sustainable Land Management (FESLM) 

 

FESLM is a sustainability evaluation framework created by a panel of experts [14]. Its creation was 

sponsored by ten international institutions involved in agricultural development and research. It was 

designed as a ―structured, logical pathway for making decisions on whether or not a carefully defined 

form of land management is likely to prove sustainable in a defined period of time‖. The principles of 

sustainability evaluation used come from the Framework of Land Evaluation [15]. Sustainable land 

management is defined as maintaining production/services (Productivity), reducing the level of 

production risk (Security), protecting potential natural resources and preventing degradation of soil 

and water quality (Protection), and being economically viable (Viability) and socially acceptable 

(Acceptability). Sustainability is assessed for a particular type of land use during a stated period of 

time on a specific area. FESLM assists planning by comparing alternative forms of land use. 

Indicators are environmental statistics that measure or reflect environmental status or change in 

condition. Thresholds are critical levels for these indicators; a threshold level representing the level 

beyond which a system undergoes significant change. The interacting processes and factors that 

determine threshold levels are called Criteria. Criteria are standards or rules (models, tests or measures) 

that govern judgments on environmental conditions. Criteria can be deduced by four approaches: on-

site observation, examining historic records for the site, comparison with similar sites and modeling. 

Gomez et al. [16] used FESLM to propose thresholds for the evaluation of agriculture in the 

Philippines at the scale of a region. Mean community-level values for various biophysical and 

economic indicators were used as thresholds.  

 

2.2. Ecological Footprint (EF) 

 

EF is a resource accounting tool used to quantify environmental sustainability, a ―land-based 

surrogate measure of the population's demands on natural capital‖ [17]. It measures how much 

biologically productive land and water area a population or an economy use to satisfy its consumption 

and to absorb the waste generated, using existing technology and resource management [18]. The 

central concepts of EF are ecological, carrying capacity and overshoot. Overshoot occurs when an 

ecosystem is exploited faster than it can renew itself. The main assumptions made by its authors are:  

(i) earth’s biocapacity is limited; (ii) every category of energy and material consumption and waste 

discharge requires the production or absorptive capacity of a finite area of land or water; and (iii) this 
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area can be defined for a specific human subpopulation or economy. Renewal and absorption rates 

depend on the health and integrity of ecosystems. EF considers five biocapacity components (cropland, 

grazing land, fishing grounds, forest area and built-up land) and also a ―carbon land‖, which is the 

amount of forest land required to take up anthropogenic CO2 emissions to maintain a stable CO2 

concentration in the atmosphere. These six components are added up into a single value: the ecological 

footprint. Dividing the global bioproductive land and water area by the present world population yields 

a fair earthshare, which represents the reference value of one individual’s EF. By multiplying this 

value by a regional or national population, the same reasoning can be applied to a region or a nation. 

By definition, if the EF value exceeds the fair earthshare, the person’s or nation’s way of life is not 

environmentally sustainable. Because EF expresses environmental impact as a single indicator, its 

simplicity has been recognized as a powerful communication tool even by its critics [19]. This method 

has been updated several times and applied largely at national levels [20-25]. 

 

2.3. Ecological Scarcity Method (ESM) 

 

The Ecological Scarcity Method, [26] is the latest update of the Ecopoints method [27,28]. It is a 

method for impact assessment in Life Cycle Assessment (LCA), which is a decision support tool for 

the environmental analysis of processes or products. An LCA produces an environmental inventory, 

which identifies resource consumption and pollutant emissions for all processes associated with a 

product’s life cycle: from the extraction of resources, their processing, the manufacture of the product, 

its use and disposal. ESM permits the aggregation of life cycle inventory data in a set of indicators of 

environmental impact according to the ―distance to target‖ principle. Eco-factors, expressed as  

eco-points per unit of pollutant emission or resource extraction are the key parameter used by the 

method. Eco-factors are determined, reflecting, on the one hand, the current emissions situation in 

Switzerland and, on the other hand, Swiss national policy targets or international targets supported by 

Switzerland. The method has been adapted to other countries: Belgium, Japan, Netherlands, Norway 

and Sweden [26]. The more the current level of emissions or consumption of resources exceeds the 

critical flow, i.e., the reference value based on policy targets, the greater the eco-factor, expressed in 

eco-points, becomes. The critical flow should be calculated or derived from statutory emission/ambient 

targets and/or from political statements of intent. If these are not available, it can be based on expert 

opinion or modeling assumptions of an advisory group. The Eco-factor is calculated as: 

 

where K: characterization factor of a pollutant or resource; EP: Ecopoint; Fn: normalization flow, 

current annual flow for Switzerland; F: current annual flow in the reference area; Fk: critical annual 

flow in the reference area; c: constant [26].  

As the ratio of the current flow over the critical flow is squared in the eco-factor formula, any 

growth of the current flow leads to an exponential growth of the eco-factor, as does a reduction in the 

critical flow. Spatial and temporal differentiation can be introduced, which is of obvious interest, as 

both current and critical flow may vary in space and time. Spatial differentiation has been implemented 

for freshwater resources, for which six scarcity categories have been defined. 
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A case study comparing several biofuels using ESM was published recently [29,30]. 

 

2.4. Sustainability Gaps (SGAPS) 

 

Ekins and Simon [31] developed a method to determine whether economic activities in a region are 

environmentally sustainable. Environmental sustainability is defined as the maintenance of important 

environmental functions into the future. The method proposes indicators and reference values 

(Sustainability Standards, SS) to assess current development patterns. SS should be ―derived as far as 

possible on the basis of objective considerations deriving from environmental science concerning the 

maintenance of important environmental functions, rather than being influenced by considerations of 

cost or political feasibility‖. The level of SS should be set to respect the following principles: (a) not 

threaten critical ecosystems and/or biogeochemical systems; (b) not have a detrimental effect on 

human health; and (c) not harvest renewable resources faster than their rate of regeneration; or (d) not 

deplete non-renewable resources faster than the rate of development of substitutes. If this level is 

uncertain, it is recommended to use the safe minimum standard or the precautionary principle to avoid 

the risk of irreversible changes in future. This method estimates a ―sustainability gap‖ which is the 

difference between the current level of environmental impact and the SS. The method was applied to 

assess the level of air pollution in the United Kingdom and the Netherlands. When targets used in 

environmental policy are based purely on science, SS become Sustainability Targets; however, if 

targets depend also on political will (e.g., science recommends stopping the emission of gasses causing 

global warming, but policy calls only for decreasing their emission), they become Policy Targets. 

Ekins and Simon [31] compared different targets and sustainability gaps for air emissions, and 

estimated ―years to sustainability‖ by determining how long it would take, on continuation of current 

trends, for the sustainability standard to be attained. 

 

2.5. Sustainability Assessment of Development Scenarios (SADS) 

 

Nijkamp and Vreeker [32] present a framework to assess the sustainability of development 

strategies at a regional level, with a particular view on the treatment of uncertain information. They 

adopt the view that ―sustainability means that the development of an economy has to take place within 

a set of pre-specified normative constraints or pathways‖. This framework is based on a systematic 

multicriteria flag model capable to take into account Critical Threshold Values (CTV). A CTV is 

defined as ―the numerical normative value of a sustainability indicator that ensures a compliance with 

the carrying capacity of the regional environmental system concerned‖. The authors indicate that CTV 

are based on scientific information and expert opinion, more detail is not given. Exceeding a CTV 

would impose an unacceptably high cost on the environment. In this method, reference values are not a 

single value but a band width, defined by CTVmin and CTVmax, to reflect uncertainty. This band width 

mirrors the range of CTV values expressed by experts or policy makers. CTVmin indicates a 

conservative estimate of the threshold, while CTVmax refers to a maximum allowable value, with 

CTVint being halfway between CTVmin and CTVmax. Color ―flags‖ are attributed to indicator values: 

green (no reason for concern) for values below CTVmin; yellow (be alert) for values between CTVmin 

and CTVint; red (reverse trends) for values between CTVint and CTVmax; and black (stop immediately 
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further growth) for values above CTVmax. Three development scenarios for the southern peninsular 

region of Thailand were compared using eighteen indicators summarizing social, economic and 

environmental sustainability [32].  

 

2.6. Framework for Assessing the Sustainability of Natural Resource Management Systems (MESMIS) 

 

MESMIS is an operational structure, used widely by different institutions in Latin America, notably 

to assess sustainability of natural resource management systems (NRMS) or ecosystems transformed 

by humans [33]. Main premises of MESMIS are: (i) sustainability is defined by seven attributes of 

NRMS: Productivity, Stability, Reliability, Resilience, Adaptability, Equity and Self-reliance;  

(ii) sustainability evaluations are valid for a specific management system on a specific spatial and time 

scale; (iii) evaluation of sustainability is a participatory process; and (iv) sustainability is assessed 

through the comparison of systems either at the same time or over time. After determination of the 

system’s critical points (i.e., features which have critical impact on the survival of the system) that 

have to be improved, indicators are selected. Indicator results are presented as scores between 0 and 

100 in an Amoeba diagram to facilitate the comparison of analyzed systems. Most case studies using 

MESMIS compare systems at the farm scale, but it can be applied at different spatial scales [34]. The 

sustainability assessment is based on indicator values for the critical points in each system. The main 

advantage of this method is its flexibility and adaptability. An example is given by Brunett Pérez et al. 

[35], who compared two agro-ecosystems involving dairy and corn production. After choosing 

indicators, reference values (called baseline values or thresholds) for each indicator were chosen based 

on expert opinion or consultation of literature. The systems were compared with an ―optimum‖ 

condition defined by the reference values. Then according to the distance between indicator value and 

optimum value, scores are given considering a system as more or less sustainable. 

 

2.7. European Analytical Framework for the Development of Local Agri-Environmental Programmes 

(AEMBAC) 

 

This framework is the outcome of a three-year (2001–2004) EU project [36]. It was tested in  

15 study areas in seven European countries. The overall objective of the AEMBAC project was to 

create a tool for the identification, development and evaluation, of locally appropriate  

agri-environmental measures based on the analysis of indicators and the assessment of environmental 

functions [37]. Two types of indicators were used: state indicators, describing the state of the  

agro-ecosystem and its ability to perform environmental functions; and pressure indicators, describing 

pressures that the local agricultural systems exert on the environment. The state indicators depend on 

the important environmental issues in each area, and for each of them a reference value called 

Environmental Minimum Requirement (EMR) was identified. An EMR is a single value or a set of 

values (a range) that should allow a satisfactory performance of the environmental function 

analyzed [37]. The gaps between indicator values and their corresponding EMRs are assessed. The 

authors insist on the need to define local EMRs rather than EMRs at European or national levels. 

Because there is no single way to determine the value of an EMR, Bastian et al. [37] propose the 

following sources: natural ecosystems, past situations, expert judgment, scientific literature, and  
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agro-ecosystems where an environmental function is performed successfully. The authors find that for 

many environmental issues there is not sufficient scientific information available to know whether the 

performance of an environmental function is sustainable or not. They further point out that, from a 

philosophical point of view, an EMR cannot only be based on scientific fundamentals. Since nature 

has no inherent goals, it is not possible to draw conclusions (normative statements) from observations 

(descriptive statements). The authors conclude that EMRs should be based on the scientific knowledge 

available, but in the end, in addition to scientific information, targets have to be defined by  

human society. Thus subjective valuations and political choices will have to be made to establish 

reference values. 

 

2.8. Sustainability Assessment of Farming and the Environment (SAFE) 

 

SAFE is a framework for assessing the environmental, economic and social sustainability of 

agricultural systems. It does not seek to find a common solution for sustainability in agriculture as a 

whole, but to serve as an assessment tool for the identification, development and evaluation of locally 

more sustainable agricultural production systems, techniques and policies [38]. It can be applied at 

three spatial levels: the field, the farm, and a higher spatial level: landscape, region or nation [39]. 

SAFE is a hierarchical framework composed of principles, criteria, indicators, and reference values. 

Principles are general conditions for achieving sustainability, and are formulated as a general objective 

to be reached. Criteria are specific objectives, more concrete than principles and relating to a state of 

the system, and therefore easier to assess and to link indicators to. Indicators are variables of any type 

that can be assessed in order to measure compliance with a criterion. Reference values describe the 

desired level of sustainability for each indicator [38]. By decreasing order of preference, reference 

values can be based on legislative norms, scientific norms, or observations in the studied farms [39]. 

They can be relative (an average or comparison with a sector or a trend) or absolute (a fixed value, 

based on a scientific or legal source). Absolute reference values can be target values, which identify 

desirable conditions, or threshold values which may be expressed either as minimum or maximum 

levels or ranges of acceptable values, that should not be exceeded, taking the precautionary principle 

into account. These types of reference values can be applied in a range of spatial scales such as the 

field, farm, or landscape/watershed/administrative unit scale. 

 

3. Comparison of the Methods 

 

To compare the selected methods we first looked at their general characteristics: the object they 

study (farming systems or economic systems in general), their target users, their objective and, in 

particular, the dimensions of sustainability studied, and finally the spatial scale of the systems they 

study. Next we considered more specific characteristics regarding the reference values: terms used to 

designate them, sources used to establish them, numeric and visual approaches used to express results 

and the introduction of spatial differentiation.  
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3.1. Objects Studied and Target Users 

 

Four methods (FESLM, MESMIS, AEMBAC and SAFE) have been designed for the assessment of 

farming systems, one of these (MESMIS) was specifically conceived to assess peasant farming 

systems (Table 1). Four methods (EF, ESM, SGAPS, SADS) have a more generic vocation, as they 

assess economic systems in general, SADS aims to assess socio-economic systems.  

Unsurprisingly, six methods (FESLM, ESM, SGAPS, SADS, AEMBAC, SAFE) indicate decision 

makers among their target users; the two methods that do not refer to decision makers are more of the 

grass-roots type, mentioning community activists (EF) and peasant organizations (MESMIS) among 

their target users (Table 1). Researchers are given as target users for five methods (EF, ESM, MESMIS, 

AEMBAC, SAFE) and policy makers for three methods (EF, SGAPS, SADS). 

Table 1. General description of assessment frameworks: object studied, target users, 

objective and systems studied. 

Method Object Target users Objective Systems studied 

(a) FESLM  Farming systems Decision makers, 

farmers, land users  

Evaluate the environmental,  

economic and social sustainability  

of land management 

Land use systems 

(farm, region) 

(b) EF Economic systems Community activists, 

policy makers, 

researchers 

Assess the environmental 

sustainability of individuals, 

communities, regions, nations, 

humanity  

Person, community, 

nation, world  

(c) ESM  Economic systems Decision makers, 

researchers  

Assess environmental impacts of 

pollutant emissions and resource use 

Products, processes, 

sites 

(d) SGAPS  Economic systems Decision makers, 

policy makers 

Determine whether an economic 

activity is environmentally sustainable 

Any activity 

(e) SADS  Socio-economic 

systems 

Decision makers, 

policy makers 

Assess the sustainability of 

development strategies at the 

 regional level 

A regional  

socio-economic 

system 

(f) MESMIS  Peasant farming 

systems 

Peasant organizations, 

researchers, 

development agents 

Evaluate environmental, social and 

economic sustainability in a systemic, 

participatory, interdisciplinary way. 

Peasant natural 

resource 

management 

systems 

(g) AEMBAC Farming systems Decision makers, 

researchers  

Identify, develop and evaluate  

locally appropriate  

agro-environmental measures  

Field, farm, 

landscape 

(h) SAFE 

 

Farming systems Decision makers, 

researchers 

Identify, develop and evaluate locally 

more sustainable agricultural systems, 

policies and techniques 

Field, farm, 

landscape, nation 

a [14], b [17], c [26], d [31], e [32], f [33], g [37], h [38]. 
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3.2. Objective and Systems Studied 

 

Four methods (FESLM, SADS, MESMIS, SAFE) aim to assess sustainability, considering its 

environmental, social and economic dimension (Table 1). The other four methods focus on the 

assessment of environmental sustainability. The MESMIS method assesses sustainability in a 

participatory way. Most methods can study systems across a wide scale or spatial range, from 

individual to humanity (EF) or from field to nation (SAFE). SADS is the least wide-ranging in this 

respect, as it focuses on a regional socio-economic system. 

 

3.3. Terms and Sources for Reference Values 

 

The methods use a variety of terms to designate what we have chosen here to call reference values 

(Table 2). The term threshold is used by two methods (FESLM, MESMIS), other terms used are Fair 

Earthshare, Critical flow, Sustainability Standard, Critical Threshold Value, Baseline value, 

Environmental Minimum Requirement, Reference value. Four of the methods differentiate two types of 

reference values. SGAPS distinguishes Sustainability targets, which are based on objective 

considerations derived from environmental science, from Policy targets, which are influenced by 

considerations of cost or political feasibility. AEMBAC similarly distinguishes Science-driven and 

Society-driven Environmental Minimum Requirements. SADS distinguishes CTVmin, a conservative 

estimate of the threshold, and CTVmax, the maximum allowable value of the threshold. Here, the 

differentiation serves to quantify the uncertainty regarding the level of the reference values. SAFE 

contrasts Absolute Reference values, which are based on a scientific or legal source and allow the 

assessment of a single system with a previously defined value, and Relative Reference values, which 

are based on indicator values for similar systems or a reference system.  

The methods draw on a variety of sources for the establishment of reference values (Table 2). Six 

methods use science to establish reference values, with five methods referring to scientific literature 

(SGAPS, SADS, MESMIS, AEMBAC, SAFE), and one to modeling (FESLM). Expert opinion (ESM, 

SADS, MESMIS, AEMBAC) and or either legislation or policy targets (ESM, SGAPS, AEMBAC, 

SAFE) are used by six methods as a basis for reference values. Two methods use community averages 

(FESLM and MESMIS), or historic records (FESLM) or past situations (AEMBAC). Other sources, 

cited once, are: ratio of land and water area over population (EF), values for natural ecosystems and 

well-functioning agroecosystems (AEMBAC) and farm data (SAFE). All methods, except EF, use 

more than one source to establish reference values. Table 2 gives illustrative examples of reference 

values for the six methods for which such examples were available. 
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Table 2. Terms to designate reference values, sources for reference values and examples of 

reference values. 

Method Term to designate reference 

values 

Sources for reference values Example of reference value 

(a) FESLM 

 

Threshold Community averages, historic 

records, modeling 

Yield: average in the municipality 

plus 20% 

(b) EF  Fair Earthshare Ratio of bioproductive land and  

water area over population 

Fair earth share : 2.1 ha per person 

(c) ESM Critical flow Swiss and international policy  

targets, expert opinion 

Fresh water use: 10.7 km3/year 

(20% of available freshwater) 

(d) SGAPS Sustainability Standard 

Sustainability Targets 

Policy targets 

Scientific literature, legislation Atmospheric CO2 conc.: 280 ppm 

(pre-industrial level) 

(e) SADS Critical Threshold Value 

CTVmin 

CTVmax 

Scientific literature, expert opinion Not specified 

(f) MESMIS 

 

Baseline values/thresholds Expert opinion, scientific literature, 

community averages 

Soil organic matter content: 2% 

(g) AEMBAC Environmental Minimum 

Requirement  

Science-driven 

Society driven 

Natural ecosystems, past situations, 

expert opinion, scientific literature, 

values for well-functioning 

agroecosystems, legislation 

Valuable biotopes: 10% of  

total area 

(h) SAFE Reference value 

Absolute  

Relative 

Scientific literature, legislation,  

farm data 

Not specified 

a [14], b [17], c [26], d [31], e [32], f [33], g [37], h [38]. 

 

3.4. Expression of Results and Spatial Differentiation 

 

Reference values help to interpret indicator values. The methods reviewed here display a variety of 

numeric and visual approaches to relate impacts to reference values (Table 3). Three methods (FESLM, 

EF, MESMIS) express results as the ratio of the indicator value over the reference value; two of these 

methods also use radar graphs. ESM uses the square of the impact-reference value ratio. SGAPS and 

AEMBAC use the difference (Gap) between the indicator value and the reference value. SGAPS 

further quantifies the gap as Years to sustainability, by calculating the time necessary to reach the 

reference value on continuation of current trends. SADS uses color flags which reflect the value of the 

indicator relative to the reference value band width defined by CTVmin and CTVmax. The use of a band 

width rather than a single value allows the expression of uncertainty associated with the definition of 

the reference value. The colors convey clear messages to the method’s users, e.g., green (no reason  

for concern) for values below CTVmin; and black (stop immediately further growth) for values  

above CTVmax. 
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Table 3. Expression of results relative to reference values, spatial differentiation of reference values. 

Method Expression of results Spatial differentiation 

(a) FESLM 

 

Ratio of indicator value over reference value, 

radar graph 

Reference values defined at the scale of the  

system studied 

(b) EF  Ratio of indicator value over reference value Reference values defined at global scale 

(c) ESM Square of the ratio of indicator value over 

reference value 

Reference values can be regionalized, this was 

implemented for fresh water use 

(d) SGAPS Difference between indicator value and 

reference value (Sustainability gap); time to 

reach reference value on continuation of 

current trends (Years to sustainability) 

Reference values defined at the scale of the  

system studied 

(e) SADS Color ―flags‖ (green, yellow, red, black) 

indicate position of indicator value relative to 

reference value band width 

Reference values defined at the scale of the  

system studied 

(f) MESMIS 

 

Ratio of indicator value over reference value, 

radar graph 

Reference values defined at the scale of the  

system studied 

(g) AEMBAC Difference between indicator value and 

reference value (Gap) 

Reference values defined at the scale of the  

system studied 

(h) SAFE Not specified Reference values defined at the scale of the  

system studied 

a [14], b [17], c [26], d [31], e [32], f [33], g [37], h [38]. 

 

Reference values may allow the introduction of spatial differentiation in environmental assessment 

methods. Six methods (FESLM, SGAPS, SADS, MESMIS, AEMBAC, SAFE) define their reference 

values at the scale of the system studied, and thus take into account the site-specific character of a 

desirable state of the environment. ESM uses reference values based on Swiss policy targets. The 

method supports spatial differentiation, which has been implemented for freshwater consumption, 

through the implementation of six scarcity categories. EF defines its reference value at the global level, 

by dividing the global bio-productive land and water area by the world population. 

 

4. Discussion 

 

4.1. Characteristics of Methods Reviewed 

 

Four of the methods reviewed here were specifically designed to assess farming systems; the other 

four assess economic or socio-economic systems in general. The methods cover a wide range of target 

users, ranging from community activists and peasant organizations to researchers and policy and 

decision makers. Half of the methods assess environmental sustainability, the other half assess 

sustainability through its environmental, social and economic dimensions. With respect to systems 

studied, the set of methods reviewed here reveal major variability: most methods are designed to study 

systems across a wide spatial range, some focus on a specific spatial level. Overall, the methods 

reviewed here display a large diversity with respect to object studied, target users, objectives and 

system studied, supplying a broad basis for this review. 
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4.2. Classification of Reference Values 

 

The eight methods use a total of eight terms for what we have chosen here to call Reference values. 

This semantic diversity may reflect the fact that reference values have so far not been a major topic in 

analyses of methods for environmental assessment, but have rather been treated as one among many 

elements in the construction of such methods. This paper thus is timely, as it takes stock of existing 

approaches in order to propose improvements and methodological clarity. We propose to use the 

generic term Reference value as the preferred term for ―the desired level for an indicator‖ [38], rather 

than one of the other more specific terms used in the reviewed methods (Threshold, Fair Earthshare, 

Critical flow, Sustainability Standard, Critical Threshold Value, Baseline Value, Environmental 

Minimum Requirement). Reference values quantify the sustainable goals. Even if these goals depend 

on the definition of sustainability given, they make the concept of sustainability operational to 

stakeholders [10].  

SAFE [38], following von Wirén-Lehr [40], contrasts Absolute Reference values, which allow the 

assessment of a single system with a previously defined value, and Relative Reference values, which 

are based on indicator values for similar systems or a reference system. This is a fundamental 

distinction, and we agree with van Cauwenbergh et al. [38] that it should be at the basis of a 

classification of reference values. However, instead of the expression Absolute reference value, we 

propose the term Normative reference value, since this type of values may be formulated ―in a relative 

way‖ e.g., when the target for a nation’s greenhouse gas emissions is a reduction by 75%. Thus the 

opposition Normative versus Relative reference values seems more appropriate than the opposition 

Absolute versus Relative.  

In the SAFE framework, Absolute Reference values can be based on a scientific or a legal source, 

but this criterion is not used in their classification of reference values. SGAPS [32], in its classification 

of reference values distinguishes Sustainability targets, based on objective considerations derived from 

environmental science, from Policy targets, which are influenced by considerations of cost or political 

feasibility. AEMBAC [37] distinguishes Science-driven and Society-driven Environmental Minimum 

Requirements. We propose the use of the terms Science-based and Policy-based to distinguish these 

two types of normative reference values.  

The SAFE framework [38] further distinguishes two types of Absolute reference values: Target 

values, which identify desirable conditions (as proposed by Mitchell et al. [41]), and Threshold values, 

which may be expressed either as minimum or maximum levels, or ranges of acceptable values, that 

should not be exceeded. From their review of the scientific literature describing environmental limits 

and thresholds, Haines-Young et al. [42] conclude that, although the concepts have been discussed 

widely, the terms limits and thresholds have been applied inconsistently across different fields. They 

define Environmental limit as the level of some environmental pressure, or level of benefit derived 

from the natural resource system, beyond which conditions are deemed to be unacceptable in some 

way. The term can be applied irrespective of the type of dynamic exhibited by the system (linear 

response, simple non-linear response, threshold response). Haines-Young et al. [42] reserve the term 

Threshold to describe situations in which a distinct regime shift between alternative equilibrium 

regimes exists, which may or may not be reversible. The authors argue that the concept of 

environmental limit is more useful generally, as, while including the possibilities of system collapse 
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associated with the threshold concept, it focuses attention on the possibly more wide-spread, chronic or 

progressive loss of integrity which natural resource systems may suffer with increasing environmental 

pressures. Haines-Young et al. [42] also elaborate on the concept of Target value. They argue that, 

fundamentally, the idea of a limit involves setting a maximum level of damage to a natural resource 

system that we are prepared to accept. However, in management terms it might be preferable to 

maintain the system in ―good‖ condition, by specifying target values that are well above the agreed 

limit. Based on this analysis, we propose to use the terms Target values and Environmental limits 

(rather than Target values and Threshold values) to distinguish these two types of science-based 

normative reference values. 

Relative reference values can be derived from comparable Local systems or from Systems elsewhere. 

In both cases they can be based on the Current situation for these systems or on Time trends for these 

systems. The preceding propositions and terminology have been summarized in a schematic 

classification of reference values (Figure 1). 

Figure 1. Classification of reference values. 
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4.3. Normative Reference Values 

 

A variety of sources are used to establish normative reference values, with scientific literature and 

legislation or policy being most frequent. As discussed in the previous section, only two methods 

differentiate science-based reference values from policy-based reference values. We feel that any 

method relying on these two sources should make this distinction, as policy-based reference values 

usually are a compromise based on science on the one hand, and on societal considerations (cost, 

political feasibility) on the other. Thus, policy-based reference values might be considered as resulting 

from a ―bottom-up‖ process while science-based reference values are perceived as ―top-down‖ [10]. In 

consequence, policy-based reference values will generally be less strict than science-based reference 

values. The systematic distinction of these two types of reference values will help to reduce the 

uncertainty associated with reference values by reducing the heterogeneity of its sources.  

It is obvious however that, depending on their implementation, the distinction between these two 

types of reference values can be fuzzy, as the values they yield may be close. This proximity of their 

values can have two causes. First the value of a science-based reference value obviously depends on 

the ―scientific‖ source used, and given our imperfect understanding and the lack of consensus among 

scientists regarding the functioning of ecosystems this inevitably will introduce variability [43]. 

Secondly, policy-based reference values result from a compromise between scientific knowledge and 

political feasibility. Depending on the relative weight of each of these elements, the resulting 

compromise value will be more or less close to a reference value that would be based on science only. 

Policy-based reference values could be used when science-based ones are not available and should be 

clearly identified as such [44]. Reference values can help to improve environmental management over 

time [45] and guide systems towards sustainability. Reference values used should be up-dated as 

frequently as possible since they are defined according to present knowledge. 

 

4.4. Expression of Results 

 

The ratio of the indicator value over the reference value is the most common approach used (in four 

out of eight methods) to relate impact values to reference values. This ratio represents a simple and 

effective means to express results. Among these four methods, ESM represents an interesting 

originality, as it uses the square of the ratio value; as a result large ratios are weighted  

proportionately higher, relative to small ratios. The difference or Gap between the indicator and the 

reference value is used by two methods as a means of presenting results, here SGAPS proposes Years 

to sustainability as an original way to quantify results. SADS proposes a visually attractive approach to 

communicate results through its color flag system. This diversity of methods for the expression of 

results will be helpful to those interested in the implementation of reference values. All modes of 

expression of results encountered here seem quite straightforward and simple to interpret by users of 

the methods.  
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4.5. Expression of Uncertainty and Spatial Differentiation 

 

Several of the papers reviewed here touch upon the question of uncertainty, and it is obvious that 

reference values, given the sources they are based on, will often be highly uncertain. However, among 

the methods reviewed here, only SADS proposes a means to capture the uncertainty of its reference 

value. The quantification and expression of the uncertainty of reference values clearly is a subject that 

warrants further work. 

Reference values represent a desirable state of the environment. For many impacts, the desirable 

state of the environment is site-specific. Thus reference values obviously represent an interesting way 

to introduce spatial differentiation into methods for environmental assessment. Six of the methods 

reviewed here define their reference values at the scale of the system studied, and thus take into 

account the characteristics of the local environment, introducing spatial differentiation in the 

environmental assessment approach. ESM also supports spatial differentiation, by defining six scarcity 

categories for fresh water resources according to the region of water consumption. Reference values 

present a means of introducing site specificity into methods for environmental assessment which 

seems at present largely under-exploited. 

 

5. Conclusions 

 

The analysis of the use of reference values in the eight methods for environmental assessment 

reviewed here, has revealed a striking diversity of terminology, sources, and modes of expression of 

results. Based on this analysis, we formulate the following recommendations for the implementation of 

reference values in environmental assessment methods. 

 Recommendations on terminology 

o The term Reference value should be used as a generic term for the desired level for  

an indicator. 

o Normative reference values allow the assessment of a single system with a previously 

defined value, Relative reference values are based on indicator values for similar systems or 

a reference system. 

o Normative reference values can be Science-based or Policy-based. Making this distinction 

explicit will contribute to reducing the uncertainty associated with reference values. 

o A science-based normative reference value can be a Target value, which identifies desirable 

conditions, or an Environmental limit, which is the level of some environmental pressure, or 

benefit, from the natural resource system, beyond which conditions are unacceptable. 

 Other recommendations 

o Methods should make a clear distinction between science-based reference values and  

policy-based reference values, as policy-based reference values usually are a compromise 

based on science on the one hand, and on societal considerations (cost, political feasibility) 

on the other. Thus policy-based reference values will generally be less strict than  

science-based reference values. 
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o From the academic point of view science-based reference values are obviously preferable, 

from a practical point of view policy-based reference values, when available, will be easier 

to implement, as they incorporate the results of difficult choices, outside the domain of 

science, made by public decision makers.  

o The quantification of the uncertainty of reference values is a topic which is barely explored 

and warrants further research. 

o Reference values present a means of introducing site specificity into methods for 

environmental assessment which seems at present largely under-exploited. 
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