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Abstract. Methods for Life Cycle Impact Assessment have to 
cope with two critical aspects, the uncertainty in values and the 
(unknown) system behaviour. LCA methodology should cope 
explicitly with these subjective elements. A structured aggrega- 
tion procedure is proposed that differentiates between the 
technosphere and the ecosphere and embeds them in the 
valuesphere. LCA thus becomes a decision support system that 
models and combines these three spheres. We introduce three 
structurally identical types of LCA, each based on one coherent 
but different set of values. These sets of values can be derived 
from the Cultural Theory and are labeled as 'egalitarian', 'indi- 
vidualistic', and 'hierarchic'. Within Life Cycle Impact Assess- 
ment, a damage oriented assessment model is complemented with 
both a newly developed precautionary indicator designed to ad- 
dress unknown damage and an indicator for the manageability 
of environmental damages. The indicators for unknown damage 
and for manageability complete the set of indicators judged to 
be relevant by decision makers. The weights given to these indi- 
cators are also value-dependent. The framework proposed here 
answers the criticisms that present LCA methodology does not 
strictly enough separate subjective from objective elements and 
that it fails to accurately model environmental impacts. 

Keywords: Assessment framework; cultural bias, Cultural 
Theory; decision support system; ecosphere; known damage; Life 
Cycle Assessment; Life Cycle Impact Assessment; manageabil- 
ity; perspectives; precautionary principle; uncertainty assessment; 
unknown damage; value frames; valuesphere 

1 Introduction 

Product-oriented environmental policies have been increas- 
ingly adopted by governmental and non-governmental or- 
ganisations and by industry and its interest associations as 
well. The need for instruments and tools to support  prod- 
uct-oriented decision making has increased correspondingly 
(VROM, 1994). Environmental Product Life Cycle Assess- 
ment (LCA) is one of the environmental instruments con- 
sidered to be important in the context of product-oriented 

decision making (SETAC, 1993; ISO, 1997). Nevertheless, 
LCA's position and its relation to other instruments is still 
at debate (OECD, 1995; WR[SBERG et al., 1998) and the need 
for its further development has been identified (UDo DE HAES 
et al., 1997; BA~vrHousE et al.; 1997). 

According to ISO (1997), LCA consists of four phases that 
can be followed iteratively: goal and scope definition, in- 
ventory analysis, impact assessment, and interpretation. In 
impact assessment, two main developments can be identi- 
fied. A first path concerns the update of established meth- 
ods, e.g., the ecoscarcity method (AHBE et al., 1990; BUWAL, 
1998) or the environmental theme approach (HEIJUNGS et 
al., 1992; GUI~EE, 1999), the latter being the basis for re- 
lated developments (e.g., HAUSCH[U) et al., 1998). A second 
path involves a shift to models that are to predict impacts 
and damages more accurately. This is done either by m~ak- 
ing the models more site-dependent (Poq-nNG et al., 1997/ 
1998) or by modelling category indicators that are on an 
endpoint rather than a midpoint level (KREw[~ et al., 1998; 
GOEDKOOP et al., 1998). 

These developments in LCA methodology are explicitly or 
implicitly driven by two main points of criticism: (1) LCA 
does not strictly separate the subjective from the objective 
elements and (2) LCA does not (yet) have an acceptable 
way to modal impacts. These points were especially raised 
during the standardisation of LCA in ISO 14042 and, e.g., 
in BAR>rrHousE et al. (1997) and OweNs (1998). 

This paper argues that - in contrast to criticism (1) - sub- 
jective elements should be integrated into all phases of LCA 
rather than treated separately, but that the subjective ele- 
ments have to be organised in a sophisticated manner that 
acknowledges social science knowledge in particular. The 
general aim of methodology development in LCA, and there- 
fore also in this paper, should be to find a framework that 
appropriately copes with both the uncertainty in values and 
the (unknown) system behaviour. 

In order to reorganise the subjective elements, we suggest here 
to explicitly complement the models for the technosphere and 
for the ecosphere with a model for the valuesphere. Our 
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framework provides a consistent treatment of value judge- 
ments and is able to deal with distinct world views. Con- 
ceptually we make reference to research on risk perception 
which shows that different groups vary in their considera- 
tion of the different aspects of risk (JtrNCERMAr~'~ et al., 1993; 
WEBER et al., 1999). The proposed framework thus allows 
for an incorporation of the decision makers' value systems 
into goal and scope definition, inventory analysis, impact 
assessment and valuation. 

Furthermore, we suggest to model environmental damages 
instead of impact indicators and to complement this infor- 
mation with two additional attributes, one that leads to an 
indicator for unknown damage and another one that indi- 
cates the manageability of the expected damages. Such a 
broadened modelling framework allows both for a scien- 
tifically valid modelling of impacts and provides an extended 
decision support basis for all types of decision makers. 

The presentation of this new framework starts with the in- 
troduction and justification of a systems view made up of 
three spheres. The subsequent sections present the models 
for the valuesphere and for the ecosphere and their linkage 
in a decision support system. Finally, some implications of 
the framework for the decision support and for the inher- 
ent shape of LCAs are discussed. We expand on some ele- 
ments of the approach presented here in four appendices. 
In this way the busy reader or one familiar with some as- 
pects can read straight through the text. Those not satisfied 
with the explanations given or curious about a more de- 
tailed justification and argumentation can turn to Appen- 
dix 1 for the Cultural Theory and Appendices 2 to 4 for a 
presentation of the indicators for damage assessment, un- 
known damage and damage manageability. 

This paper's focus is on a condensed introduction to this 
new framework that is applicable to LCA in general. But its 
special emphasis is on the phase of LCIA. The full specifi- 
cation and quantification of the framework are presented 
in Hofstetter (1998). 

2 The Decision Maker's Forgotten Value System 

Today's LCA consists of a model of the product system, 
itself a part  of the technosphere, plus a model of the 
ecosphere, which looks at the fate of the substances and at 
the potential impacts of the interventions between the prod- 
uct system and the ecosphere. Such a view of the system 
would be sufficient if (i) there was only one way to describe 
the product system and isolate it within the technosphere 
and if (ii) the ecosphere could be described as just one sin- 
gle utility function (as is done usually in utility theory (KEE~u 
et al., 1976)). However, there are good arguments for the 
view that both of these conditions cannot be met. 
Ad 0: The division of the technosphere into distinct prod- 
uct systems is an artifice that not only depends on conven- 
tions, e.g., the widely discussed allocation rules, but is driven 
as well by the aim and the scope of the decision support 
and by the decision maker's view on, e.g., structural changes 
within the technosphere. 
Ad ii): The utility - as well as dis-utility, which is in fact the 

better term to describe environmental damages - of the 
ecosphere is multidimensional and should be described by 
a set of criteria. Utility is a social construct that cannot be 
determined by natural science methods, i.e., it is a norma- 
tive step to define what is 'environment' and which changes 
in it are considered to be adverse. Thus, adverse impacts on 
the ecosphere are a human construct as well. 

Consequently, an additional sphere has to be introduced to 
represent the decision makers' views and the human actor 
that "constructs" the model of the ecosphere. Fig. 1 sym- 
bolises the relative position of the three spheres. The 
technosphere is assumed to be a part of the ecosphere in the 
sense that as an industrial metabolism (AvRzs et al., 1994) 
it is in intense interaction with the ecosphere. The ecosphere 
and the technosphere are both embedded in the valuesphere, 
i.e., their characterisation and modelling are assumed to 
depend on the view with which they are perceived. 

Fig. 1: The three spheres to be modelled and linked in LCA 

The constructivistic view behind these models of the three 
spheres also forms the backbone of the framework presented 
here. It represents a radical departure from the strategy usu- 
ally chosen as response to the first main criticism of LCA 
(see introduction), namely to describe the ecosphere and 
the technosphere with objective elements only. In this alter- 
native approach, it is the subjective elements that determine 
the view of the eco- and of the technosphere and shape the 
models representing them. However, the new framework 
unites all the subjective elements by assuming that they to- 
gether constitute the valuesphere and that their determina- 
tion follows certain rules. Therefore, LCA could be described 
as the art of modelling and of combining the valuesphere, 
the ecosphere, and the technosphere. 

3 Modelling the Valuesphere by Cultural Theory 

In line with Fig. 1 we start the modelling with the most 
encompassing sphere, the valuesphere. We begin with the 
level of world views, then define the elements of the envi- 
ronment that are to be protected (because they are valued), 
and finally identify the causal factors within the techno- 
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sphere. This might be called a top-down procedure (see, 
e.g., HOFSTETTER, 1999). Two motivations to explicitly ad- 
dress all value judgements by defining the valuesphere are 
that it ensures that value judgements within all phases of 
LCA will form a coherent whole and that they represent the 
values held or represented by the decision maker(s). 

Two tracks can be followed to determine the value sets: 
A) It can be argued that the environment is a collective good. 
Therefore, societal values expressed, e.g., in environmental 
policy, should constitute the valuesphere. 
B) All the value sets of the presently living six billion indi- 
viduals should be taken as a basis. But for reasons of prac- 
ticability only a representative subset of distinct value sets 
can actually be used. 

Track (A) is not really compatible with the motivations for 
modelling the valuesphere because societal values do not form 
a coherent whole, i.e., environmental policy is a historical 
patchwork of single policy decisions and its current make up 
lacks the wanted consistency. Further, it would compel deci- 
sion makers to adhere to official views, which may well differ 
from their own. Such a congruence is unlikely as long as the 
use of LCA is voluntary. Under track (B), LCA could be based 
on consistent but distinct pictures of how the desired future 
should look like. This approach therefore encourages meth- 
odology developers and decision makers to look at both the 
techno- and the ecosphere from different angles and this will 
enhance their understanding of the system at stake (and of 
the views of others). And finally, it is possible to convert a 
track (B) approach to a track (A) one and this makes track (B) 
the more flexible one. 

To derive a model of the valuesphere from normative con- 
cepts such as sustainability would be a variation on track (A) 
although this approach would avoid some of the disadvan- 
tages identified above (VOLKWEIN et al., 1996). At a closer look, 
however, sustainability does not provide a sufficiently crisp 
normative reference system for a specific valuesphere. Sustain- 
ability only requires development of the socio-environment in 
an inter-generationally just and equitable way. Whether a so- 
ciety will focus on certain technologies or on specific cultural 
habits remains open, at least within a wide range. 

The subset of distinct value sets required for track (B) could 
be established through an {expensive) representative em- 
pirical study of the world population. However, this would 
ignore the large body of knowledge that has been already 
acquired with respect to societal values. Numerous scien- 
tists have been engaged in the collection of data and the 
establishment of theories and heuristics that validly describe 
and classify societal lifestyles and value systems: 
(O anthropologists and scientists of religion characterise dif- 
ferent cultures, 
(ii) psychologists and sociologists classify different world 
views, attitudes and values in and between individuals, and 
(iii) social scientists and marketing researchers portray life- 
styles and consumption patterns. 

From the perspective taken in this paper, the following cri- 
teria should be fulfilled by a heuristic or a framework that 
can be used as a qualitative model of the valuesphere: 

�9 The decision makers '  value judgements  abou t  the 
technosphere and the ecosphere should be addressed di- 
rectly or indirectly or should be at least derivable with 
the heuristic. 

�9 The heuristic should allow classifying the decision mak- 
ers' perceptions of the environment and of his/her as- 
sumptions about the dynamics and the sensitivity of the 
environment. 

�9 All the existing world views should be covered by a small 
number of distinct views and thus increase the practica- 
bility of the approach. 

�9 Due to the constraints that (socio-)economic and situa- 
tional factors put 6n overt behaviour, lifestyles and con- 
sumption patterns, the framework (/) is considered as a 
heuristic at the levels of values, world views, or cultures 
which, however, (ii) reveals truly held behavioural orien- 
tations, dispositions and aspirations. 

�9 The heuristic should be empirically valid, easy to com- 
municate to decision makers, and it would be advanta- 
geous if it were already well-known. 

Hofstetter (1998) has reviewed a large number of heuristics 
and theoretical approaches, none of which fulfils all of these 
criteria. However, Cultural Theory (CT) meets the first four 
criteria sufficiently well. It can be communicated to deci- 
sion makers and it gets increasingly better known in the 
environmental sciences (see Appendix 1, p. 170, for a fur- 
ther attempt to make it better known). Its empirical validity 
is still rather low and does not yet satisfy {all) the rigid cri- 
teria psychologists usually require of personality or attitude 
tests. Recent empirical studies acknowledge that the best 
way to validate it still has to be found (MARRIS et al., 1998; 
BRENOT et al., 1998). But the explanatory power of CT has 
been found acceptably good in a broad field of applications 
and it is used as well in other environmental instruments 
such as integrated assessment (VAN ASSELT et al., 1996a/b). 
Hofstetter (1998:70f) discusses a selection of related typolo- 
gies that could be used instead of CT. Up to now there is no 
other approach available which is superior for the task at 
hand, i.e., to integrate the different types of value systems 
into LCA. 

The CT community has developed the grid-group charac- 
teristics and the myths of nature introduced in Fig. 5 and 6 
(see Appendix 1, p. 170) and in the course of many applica- 
tions a long list of attributes assignable to the archetypes 
has been identified. Table 1 provides a selection of those 
attributes that may prove relevant for the modelling in LCA 
of the ecosphere and of the technosphere. The 'perception 
of time' and its consequences for the ' temporal survival di- 
lemma' and for the 'discounting' are relevant when tempo- 
ral system boundaries are at stake; 'criteria' is relevant when 
the degree of evidence needed to establish a relationship is 
defined. And 'trust' or 'method for applying model of con- 
sent' is helpful when a decision support instrument has to 
be fitted into a decision process. Table 1 can be seen as a 
scenario generator where only one combination of the at- 
tributes is compatible with each archetype. This informa- 
tion on the value judgements that are compatible with each 
other is the added value of CT as a model of the valuesphere. 
It considerably reduces the uncertainty in value choices. 
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Table 1: World views, attitudes, management styles and characteristics of the four archetypes, (1) JAGER et al. (1997), (2) RAYNER (1991), (3) SCHWARZ et 
al. (1990:660, (4) compiled by VAN ASSELT et al. (1995) out of THOMPSON et al. (1990), (5) THOMPSON et al. (1998) (see HOFSTETrER, 1998:55f for a full list). 

Archetypes ~ Hierarchist Egalitarian Individualist Fatalist 
Attribute categories ,~ 
Myth of nature (4) Nature is perverse/tolerant Nature is fragile Nature is benign Nature is capricious 
Perception of time (3) Balanced distinction bet- Long term dominates ! Short term dominates long Involuntary myopia 

ween short and long term short term term (short--sightedness) 

Scope of knowledge (3) Imperfect but holistic Sufficient and timely Irrelevant Almost complete and 
organised 

Benefit-risk dilemma (1) Benefits versus risks Risks 

Spatial survival dilemma (1) Local versus global Global 
outcomes 

Social survival dilemma (1) Individual versus collective Collective 
outcomes 

Procedures applied (2) Rules Ethical standards 
Criteria (2) 
Temporal survival dilemma 
(1) 

Evidence 

Present versus future 
outcomes 

Argument 

Future 

Trust (2) Procedures Participation 

View of resources (3) Scarce Depleting 
Management style (4) Control " Preventive 

Discounting (5) Technical standard Zero/negative 
Search and change High on search; low in High on search: high 
behaviour (3) (internal) change on (external) change 

Method for applying model Natural (or other ideal) Expressed 
of consent (3) standards preferences 
Attitude towards risk (4) Risk-accepting Risk*aversive 

Benefits Ad hoc 
!Local Ad hoc 

Individual Individual 

I Skills 

Experience 

Present Ad hoc 

Successful individuals 
Abundant Lottery 

Adaptive 
Diverse/high 
'Satisficing'; enough No search; fatalistic 
search for enough change acceptance of change 
Revealed preferences 

Risk-seeking 

From Appendix 1 (p.170) and from the attributes in Table 1, 
one can deduce that "fatalists" will not ask for LCAs to sup- 
port decisions and that they take no active role in decision 
making. "Hermits" withdraw from social involvement alto- 
gether (but are a very small share of present societies). There- 
fore, only the three perspectives active in social decision mak- 
ing, namely "hierarchy", "individualism" and "egalitaria- 
nism", are used to model the valuesphere and shapes of LCA. 

This choice is backed by Beentjes et al. (1995) and Mengel 
J~rgensen (1996) who have shown that these three perspec- 
tives are dominant within stakeholder and interest groups. 
They have shown too that, e.g., not all environmentalists 
adhere to egalitarian principles and that all perspectives are 
to be found within private business. 

The modelling framework presented here for the valuesphere 
asks for three different types of LCA, each one compatible 
with one of the active cultural perspectives. To operationalise 
this link of the three spheres, one has to choose for each spe- 
cific judgement at hand the most plausible attributes from those 
listed in Table I and transpose them to the value judgements 
within each of these three LCA types. These translations will 
have to be empirically validated once the whole system of LCA 
has been described and modelled in terms of CT. 

4 Modelling the Ecosphere by Known and Unknown 
Damages and by its Manageability 

Among the many possible ways to model the ecosphere, we 
are interested here in a model that helps to assess the magni- 
tude and the severity of environmental impacts due to a 

change in the volume of production or due to a change of 
technology in a product system. This purpose introduces a 
hierarchy into the ecosphere that is best described by cause- 
effect relationships. The causes are defined at the level of 
environmental interventions, i.e., at the interface between 
the technosphere and the ecosphere. The definition of ef- 
fects and the way to model the cause-effect relationships 
are less trivial and will be discussed here in more detail. 

One criticism of LCA, as has been pointed out, is that so far 
the modelling of impacts has not been done in an accept- 
able manner. One reason is that place and time of environ- 
mental interventions remain mostly unreported in the in- 
ventory table. It is therefore impossible to consider, e.g., 
variations in ecosystem sensitivity, population density or 
actual concentrations and the surpassing of thresholds. This 
aspect of modelling will not be addressed here further be- 
cause we assume that neither place nor time of release is 
known, be it because both are unknown or because the in- 
ventory table just does not provide this information. A sec- 
ond reason will be addressed here, however: the damage- 
oriented modelling makes explicit which environmental 
changes are considered as damages and its results address 
actual damages rather than phantoms. In fact, this is a short- 
coming of the internationally well received and accepted 
environmental theme approach (HEIJUNGS et al., 1992; 
SETAC, 1993). It suggests category indicators that are mod- 
elled on a midpoint level without modelling explicitly ad- 
verse effects on endpoint levels. 

The damage-approach starts by characterising the ecosphere 
with a small number of safeguard subjects. Only changes to 
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these safeguard subjects are judged as damages (or benefits). 
This approach to LCIA was first suggested by ST~EN et al. 
(1992), adapted by GOEDKOOP (1995), substantiated by 
MOLLER-WENK (1997) and operationalised by GOEDKOOP et 
al. (1998/1999). The definition of safeguard subjects and of 
those changes that are considered to damage them are both 
explicit value judgements. These judgements should be made 
in accordance with the other value judgements necessary dur- 
ing an LCA and should be recorded in the goal and scope 
definition. 

Appendix 2 (p. 172) provides a short summary of the method- 
ology of damage assessment. The damage approach implies: 
�9 that the ecosphere can be described as a hierarchic struc- 

ture retracing the impact-pathways from changes to the 
safeguard subjects backwards to the environmental in- 
terventions 

�9 a static representation of the ecosphere where small mar- 
ginal changes are modelled without considering dynamic 
feedback mechanisms that could include interactions be- 
tween the safeguard subjects, and 

�9 that one accepts that only known and quantifiable cause- 
effect relationships are included. 

This last point is a serious shortcoming of the approach but it 
just mirrors the state of knowledge and is anyway immanent 
to all other tools making use of impact pathways. The di- 
lemma of the environmental sciences in describing and quan- 
tifying causal relationships is that, on the one hand, only (labo- 
ratory) experiments allow proof of causation. But these results 
cannot be transferred to real conditions. Epidemiological stud- 
ies that gather the information from real conditions, on the 
other hand, are unable to provide proof of eausation. They 
just quantify an association between two factors for which 
there is limited evidence of causality. It is decision makers and 
not scientists that have to decide on the degree of evidence 
they consider to be sufficient to take action. 

Adams (1995) suggests to group risks into three types: 
(/) directly perceivable risks like, e.g., car accidents, 
(ii) risks perceived through science like, e.g., cancer from 
smoking, and 
(iii) virtual risks which scientists do not know about or can- 
not agree upon like, e.g., genetically modified organisms 
and non-ionising radiation. He argues that this third type 
of risks is normally not considered in risk assessment, but 
that the different archetypes perceive their relevance very 
differently. These three types can be interpreted as three 
levels of a decreasing degree of evidence on causality. 

Fischhoff et al. (1978) and Marris et al. (1998) have found 
that everybody but risk analysts use a rich definition of risk. 
They find that everyone else adds to the total amount of 
damage such criteria as: voluntariness of risk, immediacy 
of effect, knowledge about risk by exposed persons, knowl- 
edge about risk by science, chronic versus catastrophic risk, 
common dread, severity of consequences, control over risk, 
newness, harm to future generations, and unequal distribu- 
tion of risk and benefit. 

A framework for the modelling of the ecosphere should there- 
fore not just permit the modelling of environmental dam- 
ages but should also take into account the variety of deci- 

sion makers' needs for decision support. We suggest three 
submodels to provide the relevant information for all types 
of decision makers (--+ Fig. 2): 

Submodel 1: Damage assessment based on known causali- 
ties (see Appendix 2, p. 172) 
The modelling of known damages is based on state-of-the- 
art methods and on knowledge from all the sciences con- 
cerned. It is indicated by the light grey oval in Fig. 2 and is 
based on a representation of the environment by safeguard 
subjects. 
Submodel 2: Unknown damages or unknown causalities (see 
Appendix 3, p. 173) 
The dark grey unevenly shaped area symbolises what ADAMS 
(1995) calls virtual risks or what studies on risk perception 
call degree of knowledge about risk, common dread, and 
newness. It is designed as a proxy indicator that can be 
used to represent a quantification of the precautionary prin- 
ciple and will be named 'unknown damage'. 
Submodel 3: Manageability (see Appendix 4, p. 174) 
The dynamic dimension of submodel (1) and information on 
the control over risk have so far been lacking in LCA and are 
added explicitly in this third submodel. This so-called 'man- 
ageability' is visualised with bold arrows in Fig. 2 and pre- 
supposes the normative definition of a level of acceptable or 
target damage. 

Fig. 2: The modelling framework for the ecosphere 

This framework for modelling the ecosphere explicitly ad- 
dresses three different types of system characteristics that 
decision makers consider to be relevant. Appendices 2 to 4 
suggest new ways to operationalise them. 

The discussion in Appendix 4 suggests that in LCA there are 
no methods in use that are based on an explicit modelling of 
manageability alone. However, models based on either dam- 
age assessment (STEEN et al., 1992; GOEI)KOOP et al., 1999) 
or on proxies for unknown damages (ScHMtDT-BLEEK, 1993) 
have been used already for LCIA. This lends support to the 
strategy to include both dimensions instead of controver- 
sially discussing the best approach. 
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Fig. 3 illustrates a plausible hypothesis about the unequal 
importance assigned to these submodels by the three arche- 
types of CT. 'Egalitarians' give high priority to the precau- 
tionary principle because it mirrors the unknown damage 
and they believe more in the holistic models than the sim- 
plistic hierarchic modelling used for the assessment of known 
damage. 'Individualists' consider estimates of known dam- 
age to be the most reliable source for information on which 
to base their decisions on investments. 'Hierarchists' look 
out for a balanced consideration of information on dam- 
ages (believing in science), the precautionary principle (as a 
possibility to prevent disasters in the future) and manage- 
ability (control being a strong skill of 'hierarchists'). 

Fig. 3: Hypotheses on the preferred weighting triples for the three 
submodels by the three active cultural perspectives. (to be read like a 
mixing triangle: the closer a point is to one attribute (corner) the higher 
is the attribute's weight) 

According to Fig. 3, each perspective considers at least one 
of the three submodels as important. But for each perspec- 
tive it is a different set. The step to a decision support sys- 
tem is presented in the following section. 

5 Decision Support by the Structured Aggregation 
Procedure 

The purpose of this section and especially of Fig. 4 is to 
show how the elements introduced so far are put together 
to form a decision support system. The following remarks 
may be important for the understanding of Fig. 4: 

�9 Modelling the valuesphere leads to three coherent but 
distinct sets of value choices. Thesesets are symbolised 
in Fig. 4 by the three layers labelled with the names of 
the cultural perspectives. Consequently, there are three 
different LCAs. 

�9 Although there is a different LeA for each of the three 
perspectives, their structures are kept identical. This fea- 
ture is important because it enables decision makers to 
more easily understand all three types of LeA. They will 
consequently be able to understand the differences in the 
outcome more easily. 

�9 This article does not elaborate on the model of the 
technosphere and its links with the valuesphere. The in- 
ventory table and the proxy for unknown damage are at 
the present time identical for all three LeAs. However, 
Hofstetter (1998:368f) provides examples for value 
choices in the inventory analysis (allocation rules and 
leakage from land-filling) and discusses them in terms 
of CT. The full development of this approach appears to 
be feasible. 

�9 So far, the submodels for unknown damage and for 
manageability have been developed only for emissions. 
The damage assessment presented in Goedkoop et al. 
(1999) includes in addition land use changes and use of 
highly concentrated resources. 

�9 The manageability factor is understood as a factor modi- 
fying the assessed damage. The indices for manageabil- 
ity and for known damage are therefore combined and 
called 'manageability adjusted damages' (MADs). The 
combination can be made by a simple weighting which, 
however, depends on the cultural perspectives (--~ Fi R. 3). 
These MADs have to be calculated separately for each 
safeguard subject. 

�9 Finally, in the case of product comparisons, we suggest 
to present the information on the three MADs and on 
the unknown damage in the mixing tetrahedron (HoF- 
STETrER et al., 2000). Each point in the tetrahedron rep- 
resents a weighting quadruple of the entities indicated 
by the terms at its corners. The four weights in the 
weighting quadruple add up to 1. When comparing two 
product alternatives through an LeA, one calculates the 
four indicator values for both alternatives. The space 

Fig. 4: The structured aggregation procedure with a final dominance 
analysis (MADs = manageability adjusted damages) 
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within the tetrahedron containing all weighting quadru- 
ples with a total eco-index better than the one of com- 
peting alternatives can be coloured. This parameterisa- 
tion of the result demonstrates to the decision maker 
within which range of weights an alternative continues 
to score best. This dispenses one from the need to make 
point estimates for the weights. The exact outline of the 
preferred weighting space is again assumed to depend 
on the cultural perspective adopted by each decision 
maker. An empirical study with LCA experts confirms 
the wide range of preferences held by individuals 
(METTIER, 1999). 

During the development of the framework, CT has shown its 
usefulness as a tool to model the valuesphere. We suggest that 
the framework proposed here is complemented by a model 
for the technosphere and by an operationalisation for the 
ecosphere. In such a theory-driven operationalisation of the 
framework, its early validation by decision makers will be of 
the highest priority. Such a testing may change the shape of 
the elements proposed here, making some of them obsolete 
and possibly revealing the need for new elements. 

6 Facilitating Decision Support 

One of the claims of this paper is that the new framework 
will help to cope with the uncertainty in values. The coher- 
ent modelling of values fulfils this claim because it provides 
additional information on which judgements are consistent 
and compatible with a given world view. The possible range 
of values for the eco-index, the aggregate of the four indices 
presented in the tetrahed~:on (--4 Fig. 4), is already reduced 
even if no choice among the perspectives is made. The vari- 
ance is further reduced with the use of the information on 
the preferred perspective. Variance reduction is one of the 
technical reasons to develop world-view dependent LCAs. 

The considerable reduction in uncertainty if information 
on the preferred perspective is available will be even pushed 
further in the core when, e.g., the ranking order of product 
alternatives is the same for all cultural perspectives. We do 
not have the experience so far to estimate the probability 
that such a similarity in outcome will occur. But we believe 
this may occur in many cases. However, even if the ranking 
of alternatives depends on the chosen perspective we still 
have gained a very valuable information, namely that the 
world view does matter for the decision at hand! 

In such instances, decision makers could base their decision 
on one or the other perspective in full awareness of the par- 
tiality of their choice. Or they could decide to emphasise 
other criteria instead. This apparent flexibility may be seen 
as a disadvantage of the framework. We are convinced it is 
not. Firstly, we think that decision makers are prepared to 
opt for one perspective as much as citizens do when they 
elect their representatives where they have to select one of 
the parties, this being another manifestation of (political) 
perspectives. Secondly, in the case of group decision mak- 
ing, it becomes obvious in such a situation that it is not the 
further discussion of technical points that will bring a solu- 
tion but that there is a value debate at stage. At this point, a 

technical instrument such as LCA can provide the basis for 
applying discursive methods of conflict resolution. 

Another hitherto overlooked aspect may lead to a robust 
decision support system. It has so far been assumed that the 
indices produced by this approach to LCA are independent 
of each other and do not correlate. However, Hofstetter et 
al. (2000) show that within a product group the correlation 
could be high indeed. The immediate implication is that the 
ranking of alternatives is rarely dependent on the weighting 
of the indices and therefore robust. A further implication, 
relevant for methodology developers, is that such a high 
correlation may be the starting point for the development 
of reliable streamlined methods. 

7 Does LCA Fit Best with Egalitarianism, 
Individualism or Hierarchy? 

It is not by chance that this question is put at the end of this 
article. If LCA as an instrument fits better with one of the 
perspectives than the others, it would have been enough to 
develop a framework just for that one. 
However, Mengel Jergensen (1996) has argued that theoreti- 
cally all three active perspectives have a very positive attitude 
towards LCA (although the commitment depends on the 
stakeholder group they belong to (see HOFS~ER (1998:76f) 
for a summary table). This generally positive attitude towards 
LCA justifies the approach developed here that LCA, one way 
or another, has to cope with these different value orientations 
if it is to be used in the future:b)) all the perspectives. 

One of the features of LCA is that all the environmental 
impacts spread over t imeand  place should be considered 
when comparing product systems. This feature has a clear 
egalitarian taste. The very reductionistic modelling of the 
different spheres and the inevitable hierarchical structuring 
in current LCA practice is more in line with the needs of 
hierarchy and individualism. LCAs attempt to improve the 
eco-efficiency at an externally prescribed service level and 
its positioning at the micro level, looking at marginal changes 
alone, is in line with a tool preferred by 'individualists'. 
The use of LCA as an instrument for environmental man- 
agement and its strength on the level of product policy are 
elements preferred by hierarchy. 

These few arguments support the belief that LCA, even in 
its present shape and perception, will both not be used by 
and does not incorporate one perspective alone. This may 
well be one of the reasons why the debate on LCA method- 
ology and application is much more heated and controver- 
sial than is known from other environmental decision sup- 
port tools. 

8 Conclusions 

The purpose for the development of the framework pre- 
sented here is the need in LCA to cope both with the uncer- 
tainty in values and with the (unknown) system behaviour. 
It can be seen as an answer to the criticism that present 
LCA methodology does not separate strictly enough sub- 
jective from objective elements and fails to accurately model 
environmental impacts. The models of the three spheres pre- 
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sented here and that are operationalised in the form of a 
structured approach answer this criticism by: 

(i) introducing a model of the valuesphere which makes it 
possible to deal with the uncertainty of values but also re- 
veals the need to integrate into LCA both the subjective and 
the objective elements. Cultural Theory has been identified 
as a useful heuristic that presently fits best as a basis for the 
modelling of the valuesphere. Its applicability in the con- 
text of LCA has been demonstrated. 

(ii) exploring an impact assessment procedure that models 
up to the adverse change of normatively defined safeguard 
subjects - called damage assessment. This type of damage 
assessment has now become one path of methodology de- 
velopment in LCIA and is in accordance with ISO. It is an 
attempt to a more accurate modelling of impacts and it will 
facilitate or even render unnecessary the step of valuation 
in LCIA. 

(iii) supplementing the damage assessment with submodels 
for the manageability of impacts and for unknown dam- 
ages. Presently missing elements, such as the dynamic as- 
pects of environmental damage and the claim that LCA 
should serve as a precautionary instrument as well, are added 
by the new developments presented here. 

The framework presented here has served as a basis for the 
newly released Eco-Indicator'99 method for LCIA (GoED- 
KOOP et al., 1999) that includes not only a worked-out pro- 
cedure for damage assessment but makes use of the concept 
of the three spheres as well. This means that Cultural Theory 
has been chosen to model the value judgements and three 
distinct types of Eco-indicators'99 are established and will 
be implemented in commercial LCA software. 

The special feature of the framework presented here is the 
explicitness of many of the elements that have so far re- 
mained hidden in LCA. Cultural Theory is one of these ele- 
ments and it puts the debate on value judgements in LCA 
squarely on the table. Other important elements are the 
impact pathway analysis that enables impact modelling to 
draw on the best available methods from all the sciences 
concerned and the explicit modelling of damage attributes. 
The whole structure of the framework is an attempt to make 
LCA receptive for contributions from natural, social, and 
technical sciences. 

The new framework proposed here may be a prime candi- 
date around which to organise the scientific debate and the 
joint framework development in LCA. The transparent and 
robust decision support that is expected to result from this 
work will improve the credibility of LCA as a decision sup- 
port instrument and may lead to new powerful streamlined 
methods. In addition to these implications the new frame- 
work has for the structure of LCA, it also will make sure 
that decision makers will have to be either explicit on their 
value judgements or will at best become aware of the multi- 
ple styles of LCAs this approach implies. 

The framework is not yet operationalised for all the envi- 
ronmental problems but has a strong focus on emissions. 
The model of the technosphere has not been addressed at all 

here. And the application of the model to the valuesphere is 
relying on the interpretation of a theory which is in need to 
be validated by performing empirical studies. These caveats 
define the next steps for future research. Actual applications 
of the proposed framework in decision support will hope- 
fully reveal those adjustments to the present framework that 
are needed to make LCA even more effective. 
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Appendix 1 : Introduction to Cultural Theory 

The anthropologist Mary Douglas has proposed a grid-group 
theory to help identify and compare ways of life (DouGLAS, 
1982; DOUGLAS et al., 1982). She argues that the variety of an 
individual's involvement in social life can be adequately cap- 
tured by the two dimensions of sociality: group and grid. 
"Group refers to the extent to which an individual is incor- 
porated into bounded units. The greater the incorporation, 
the more individual choice is subject to group determination. 
Grid denotes the degree to which an individual's life is cir- 
cumscribed by externally imposed prescriptions. The more 
binding and extensive the scope of the prescriptions, the less 
of life that is open to individual negotiation." (cited from 
THOMPSON et al. (1990:5)) 

Each combination of the extremes of these two dimensions 
results in an archetype (synonym: cultural perspective). 
These four archetypes based on different characteristics of 
social relations are complemented by a fifth, called "au- 
tonomy",  devoid of social interactions. This archetype is 
placed in the center of the grid and group dimensions as 
shown in Fig. 5, but in reality is meant to be in a third 
dimension where no social interactions occur at all. 

A description of the five archetypes taken from Thompson 
et al. (1990:6f) is given below. It is essentially based on 
Douglas (1982:202ff). 

Grid 

 a.a.sm f  .,erarohy 
e ununionised J {The high-caste J 

weaver J k,,Hindu vi l lagerJ 

~ ,  ~ + Group  
The hermit J 

The so,-mado I communa  
manu,actorer ) 

Fig. 5: Proposal for a constructed division of society into five cultural 
perspectives according to the grid-group theory (THOMPSON et al., 1990) 

"Strong group boundaries coupled with minimal prescrip- 
tions produce social relations that are egalitarian. Because 
such groups lack (as a consequence of their low grid position) 
internal role differentiation, relations between group mem- 
bers are ambiguous. And since no individuals are granted the 
authority to exercise control over others by virtue of their 
position, internal conflicts are difficult to resolve. Individuals 
can exercise control over one another only by claiming to 
speak in the name of the group, hence the frequent resort to 
expulsion from the group in resolving intragroup differences. 
The drastic nature of these solutions, however, tends to drive 
disagreements underground, hence the presence of covert fac- 
tions vying for control. 
When an individual's social environment is characterised by 
strong group boundaries and binding prescriptions, the re- 
suiting social relations are hierarchical. Individuals in this 
social context are subject both to the control by other mem- 
bers in the group and to the demands of socially imposed 
roles. In contrast to egalitarianism, which has few means short 
of expulsion for controlling its members, hierarchy has an 
armoury of different solutions to internal conflicts, including 
up-grading, shifting sideways, downgrading, resegregating, 
redefining. The exercise of authority (and inequality more 
generally) is justified on the ground that different roles for 
different people enable people to live together more harmo- 
niously than under alternative arrangements. 
Individuals who are bound by neither group incorporation 
nor prescribed roles inhabit an individualistic social con- 
text. In such an environment all boundaries are provisional 
and subject to negotiation. Although the individualist is, 
by definition, relatively free from control by others, that 
does not mean the person is not engaged in exerting con- 
trol over others. On the contrary, the individualist's suc- 
cess is often measured by the size of the following the per- 
son can command. 
People who find themselves subject to binding prescriptions 
and are excluded from group membership exemplify the 
fatalistic way of life. Fatalists are controlled from without. 
Like the hierarchist, their sphere of individual autonomy is 
restricted. They may have little choice about how they spend 
their time, with whom they associate, what they wear or 
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eat, where they live and work. Unlike hierarchists, how- 
ever, fatalists are excluded from membership in the group 
responsible for making the decisions that rule their life. 
For a few individuals there is a fifth possible way of life, 
one in which the individual withdraws from coercive or ma- 
nipulative social involvement altogether. This is the way of 
life of the hermit, who escapes social control by refusing to 
control or to be controlled by others." 

The grid-group theory has been further developed and 
named sociocultural viability theory and this in turn has 
been shortened to Cultural Theory (see, e.g., T~OMeSON et 
al., 1990; SCHWARZ et al., 1990; RaYNER, 1987/1991; Ra'CNER 
et al., 1987; O'RIORDAN et al., 1991). Cultural perspectives 
are the viable combinations of cultural biases and social 
relations. Cultural bias refers to shared values and beliefs; 
social relations addresses the already introduced form of 
interpersonal relations. It is an important element of the 
theory that cultural bias and social relations condition each 
other without giving causal priority to one of them. 

The condition of requisite variety means that the five cultural 
perspectives do not only compete for adherents but also re- 
quire each other in order to be forced to demarcate oneself 
from the other perspectives. However, they are distributed 
unevenly and their shares change over time and place. 

The definitions given so far may support the idea that all of 
us embody one and just one of these archetypes. This does 
not hold for at least two reasons: First, the archetypes are - as 
the name already suggests - extremists within a group. Most 
of us carry elements of all perspectives in us and at a given 
time just feel most comfortable in one of these social con- 
structs, if at all. Second, DOUGLAS et al. (1982) assumed that 
individuals try to organise themselves in such a manner that 
all spheres of their life belong to the same cultural perspec- 
tive. But THOMeSON et al. (1990) acknowledge that the same 
individual may well change from an individualistic working 
sphere to an egalitarian family environment or/and a hierar- 
chic religious group or sports activity. This change of spheres 
poses a major problem for empirical research with individu- 
als that are out of their context or group. In short, the arche- 
types are to be considered at present as theoretical constructs 
that permit a comprehensive, sociologically shaped classifi- 
cation of decision makers. However, an individual decision 
maker may well switch between different perspectives due to 
situational constraints or exhibit a mixed profile. 

One of the reasons to choose Cultural Theory (CT) for our 
purpose was that it is able to differentiate between the differ- 
ent archetypes with respect to the attribute category 'view of 
nature'. Thompson et al. (1990) have used the concept of the 
social construction of nature introduced by Holling (1977/ 
1986) and Timmermann (1986) and linked it with CT. 

Nature benign refers to the equilibrium-centered view in 
Fig. 6. It is represented by "a landscape with a bowl-shaped 
valley within which a ball moves in a way determined by its 
own acceleration and direction and by the forces exerted 
by the bowl and gravity. If the bowl was infinitely large, or 
events beyond its rim meaningless, this would be an example 

of global stability" (HoLLING, 1986:294). In such a world, 
trials and mistakes of any scale can be made, i.e., recovery is 
assured once the disturbance is removed. Nature ephemeral 
or the myth of instability can be seen as the obverse of the 
myth of nature benign. "In natural systems, the best example 
of this may be a simple closed predator-prey relationship - a 
proliferation of prey leads to a proliferation of predators who 
eventually consume all the prey and then starve to death" 
(TzMMEe, Ma~,  1986:439). Only if the ecosystems are treated 
with great care and the fragility of nature is respected can its 
complete collapse be prevented. Both nature perverse~toler- 
ant and nature resilient assume that multiple equilibrium states 
are possible or even necessary. In the case of nature perverse/ 
tolerant it is expected that nature will show a continuous be- 
haviour over a defined period as reaction to stressors. These 
periods end with sharp changes induced by internal dynam- 
ics or by exogenous events, at times large, at times small 
(HOLLING, 1986:295). Nature resilient postulates not only 
multiple equilibria in a landscape. "The myth of resilience 
sees nature as nature naturing, i.e., nature actively altering 
and responding in various ways to predictable or unpredict- 
able stresses. This means that not only must one account for 
the internal structure of a system and its potentialities, but 
also the external context of chance and unpredictable impacts 
must be incorporated. This is because the system is presumed 
capable of some sort of adaptive memory, i.e., learning through 
historical time" (TL~IMERMANN, 1986:444). Nature Resilient- 
the 'hermit's myth' of nature - is not easy to visualise by means 
of a ball in a landscape (the landscape and the ball are mov- 
ing) and for this reason is not shown in Fig. 6. 

ff 

Nature Capricious Nature Perverse/Tolerant 
(Fatalist's View) (Hierarchist's View) 

Nature Benign Nature Ephemeral 
(Individualist's View) (Egalitarian's View) 

J 

Fig. 6: The four primary myths of nature (derived from THOMPSON et al., 
1990).The rolling ball represents the state of nature, which is shifted by 
human activities to the left or the right or up and down the curved shapes 
which represent the system's behaviour (metaphor of a sphere rolling 
in a landscape). 

Thompson et at. (1990) themselves developed a visualisa- 
tion of the 'fatalist's view' that nature is unpredictable. They 
argue that "since fatalists seldom find themselves in charge 
of major national and international agencies, one of the five 
myths - Nature Capricious - was not fully elaborated by 
ecologists" (THOMPSON et al., 1990:37). 

All of these myths of nature may describe nature adequately 
at a given time and place and fail at a later observation or 
other place. However, it is important that individuals tend 
to have a biased perception, which makes that they tend to 

Int. J. LCA 5 (3) 2000 1 71 



Modelling theValuesphere and the Ecosphere The MIIM LCA PhD Club 

observe nature when it behaves according to their myth and 
remembering predominately only those situations which 
support their own bias. 

Not all the predictions made here and in Table 1 (p. 164) 
are empirically tested and at least some of the attributes 
have been questioned by some studies. Validation is still 
outstanding but also difficult because not all of the elements 

are falsifiable and, e.g., it is not fully clear if surveys of 
individuals or only of focus groups are capable to validate 
the theory. This shortcoming is compensated, however, by 
CT's proven and successful applicability, the clear underly- 
ing theory, and the useful long list of attributes concerning 
world views and management styles. This makes it a useful 
heuristic to model the valuesphere in the context of LCA. 

Appendix 2: Damage Assessment 

Fig. 7 illustrates a proposal on how the environment can be 
represented by three safeguard subjects: human health, eco- 
systems quality, and resources. These three safeguard sub- 
jects were already suggested as areas of protection by SETAC 
(1993) and ISO (1997). Udo de Haes et al. (1999) added recent- 
ly a fourth, the man-made environment. This extension is a 
good example of the normativity of such settings and the his- 
torical move in societal priorities. The EPS-method makes 
use of five safeguard subjects (STZEN et al., 1992) and a more 
intensive involvement of stakeholders will be necessary to find 
a consensual set of subjects. Besides defining the elements of 
the environment that have to be safeguarded, it is further nec- 
essary to define the changes in the m that are seen as damages 
and those states of theirs that are to be considered as refer- 
ence points. 

Hofstetter (1998) suggests for human health a definition 
that is in line with WHO (1947): "Health is not only the 
absence of infirmity and disease but also the state of physi- 
cal, mental and social well-being". Murray et al. (1996) 
have developed on behalf of WHO and Worldbank the ap- 
proach of 'Disability Adjusted Life Years' (DALYs). Accord- 
ing to this concept, premature deaths and all kinds of dis- 
abilities are considered as damages to human health. The 
before-mentioned authors have chosen as reference point 
the life-table of Japanese women . The concept allows add- 

ing up both life years lost and disability adjusted life years. 
The disability weights have been provided by internation- 
ally known health experts. Goedkoop et al. (1998) have 
provided analogous definitions and concepts for ecosystems 
quality and resources. 

The normative selection of safeguard subjects and the defi- 
nition of the changes that damage them is the precondition 
for the assessment of the direct and indirect damages due to 
environmental interventions. The impact pathway analysis 
(ExTERNE, 1995; KREwrFr, et al. 1998) is used to model the 
causal relationships. In Fig. 8 the example of emissions is 
used to show how this approach adds additional insights to 
the models used for each substep. It is important to men- 
tion here that the arrows indicate the direction of the cause 
to the damage and the way the single models are linked 
with each other. However, the development and the design 
of the single models follows the opposite procedure, i.e., 
the relevant effects are identified after the normative de- 
scription of the changes that are considered to be damages 
to the safeguard subjects. With the help of knowledge about 
the exposure response slopes, the relevant exposure path- 
ways are identified and finally the link between exposure 
and emissions is established. Hofstetter (1998) provides de- 
tailed results for carcinogenic and respiratory effects due to 
chemicals. Frischknecht et al. (2000) add results for ionising 

Safeguard Subjects Impact Pathway Analysis Inventory 

Inter-Safeguard Intra-Safeguard ~ Noise ) Table 
Sublect Weighting Subject Weighting ] n ~ , ~ . . , , ~ . - ~  Ozone layer depletion) 

~Prematu re  death ~ Respirator,/effects ) 
A C+C's H um~)nLHyselalth Hospital ad~iskSsmons ~ Carcinogenics ) Pb 
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Fig. 7: Damage Assessment in LCIA by the prescription of safeguard subjects.The impact categories are only shown for illustrative reasons and are 
not constituting elements of the approach. 
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Fig. 8: General set-up of the impact pathway analysis within the ecosphere.The upper arrows for each level of analysis give examples for the cause- 
oriented modelling and the lower arrows specify the descriptive modelling. 

radiation and Goedkoop et al. (1999) for climate change, ozone 
depletion, ecotoxicity, acidification and eutrophication, land 
use and the use of energy and some metals. Hundreds of 
causal relationships between environmental interventions and 
damages to safeguard subjects have been quantified making 
use of much of the knowledge available in the respective sci- 
ences. Due to incomplete knowledge and the high natural vari- 
ability, modelling results can be described only as probability 
distributions instead of single numbers. 

Value judgements are involved not only in the choice of safe- 
guard subjects and the definition of damaging change but 
also when damage indicators are defined and causal chains 

have to be identified. Hofstetter (1998) discusses in detail 
the examples of age-weighting, i.e., whether years lived are 
equally valuable at all ages or not, and of the transferability 
of the results from toxicity experiments with animals to hu- 
mans. Goedkoop et al. (1999) apply this concept throughout 
all the steps and for all damage categories including aspects 
such as the time horizon for the exposure modelling, the 
evidence needed to assume causal relationship, and the per- 
spectives on the substitutability of fossil resources. These 
value judgements should be made in each case for the three 
cultural perspectives. This is where CT, the model of the 
valuesphere, is linked with the submodel of known damage 
within the ecosphere. 

Appendix 3: Proxy Indicator for Unknown Damage 

Modelling the unknown damage seems to be a contradic- 
tion in itself. Validating it will have to await at least until 
future generations can arrive at a judgement. Our ambition 
here is somewhat  different, namely to develop a precau- 
tionary indicator to complement the damage indicators and 
to stand as proxy for the unavailable knowledge about the 
causal relationships between interventions and damages to 
safeguard subjects and for our lack of understanding of the 
overly complex ecosphere. 

Some major reasons for this lack of understanding are: 
�9 Safeguard subjects and ecosystem qualities, especially, 

are still ill-defined and it is basically impossible to dif- 
ferentiate between unavoidable evolutionary change and 
degradation. E.g., climate change clearly will alter eco- 
systems. But it is quite unclear whether this represents a 
decrease in ecosystem quality. 

�9 Even apparently innocuous, small flows of persistent and 
accumulating substances emitted by the technosphere 
may lead in the long run to high concentrations provok- 
ing unexpected and new effects. This we already have 
experienced in the past with CFCs. 

�9 Changes in the ecosphere have to be observed and iden- 

tified as damages; although scientists are keen to do so, 
their "eyes" (sensors) are not always at the right places. 
E.g., toxicity tests are performed under laboratory con- 
ditions and the endpoints are chosen in such a way that 
they can be measured by instruments. Changes in the 
test species' (social) behaviour or minor malformations 
will not appear in the charts. 

�9 Human beings and other living organisms are not just 
exposed to a single substance but to cocktails of a large 
number of (globally distributed) substances. Neverthe- 
less, our understanding of cause-effect relationships is 
still largely based on exposure to single substances. 

Berg et al. (1994) and Scheringer (1999) suggest that such a 
proxy indicator is best defined on the level of exposure in- 
dicators. It is in the step from the level of exposure to dam- 
ages where the incompleteness of modelling becomes obvi- 
ous. Of course, a related uncertainty can be identified in the 
model of the technosphere where only business as usual 
and no major accidents are considered and where the ana- 
lysts consider only measured emissions and assume that this 
covers all emissions, i.e., non-measured emissions are im- 
plicitly considered to be non-existent or irrelevant. How- 
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ever, we are looking for a submodel of the ecosphere and 
consequently select the level of exposure for the definition 
of the proxy indicator. 

A number of proxy indicators have been proposed and used 
in the past, e.g., market price, cumulated energy demand 
(IFIAS, 1974), MIPS (ScHMIDT-BLEEK, 1993), and spatial and 
temporal ranges (ScHERINGER et al., 1994). Only the last pro- 
posal starts at the level of exposure. Its foundation is largely 
based on equity principles, designed for the evaluation of 
new substances and quantified with two indicators. 

Hofstetter (1998:113if) has developed a new approach in order 
to make sure that the proxy indicator is appropriate for LCIA, 
complements the damage indicators and incorporates solu- 
tions to some of the four problems mentioned above. The 
proxy indicator basically considers the accumulative behav- 
iour of a substance, which indirectly includes its persistency 
as well, and an experience factor to reflect the fact that our 
knowledge is in general lower for substances with which we 
have little experience. Given the availability of data and the 
aim of keeping the indicator simple, Hofstetter has constructed 
an indicator for our experience with a specific substance. Its 
numerator consists of the bioconcentration factor (BCF) as 

an indicator for the accumulation behaviour. The denomina- 
tor is the sum of total world-wide anthropogenic emissions 
plus the world-wide geogenic flows of this same substance 
(13). Equation (1) shows that both highly bioconcentrating sub- 
stances that are globally emitted in low quantities and xeno- 
biotics will score higher than both non-accumulating substan- 
ces or substances that are circulated in huge geogenic flows. 

U = ~ (Ii .BoC~Fi ) 
Bi [a] (1) 

where U proxy indicator for unknown damage 
BCFi bioconcentration factor in fish for substance i 
Ii environmental intervention i per functional 

unit 
Bi world-wide anthropogenic emissions of sub- 

stance i plus world-wide geogenic flow which 
leads to concentration available to the biota 
[kg/a] 

The bioconcentration factors were used for the substances 
studied by Hofstetter (1998:129). But the accumulation in- 
dicator has still to be worked out for geo-accumulating sub- 
stances, for the de-cumulation of resources, and for the al- 
teration of habitats. 

I Appendix 4: Manageability of Damages 

The damage indicators modelled in Appendix 2 (p. 172) 
quantify the integrated damages due to the marginal change 
of environmental interventions. Consequently, they do not 
include attributes such as the expected effort to return the 
damages to an acceptable level or the possibility of adminis- 
trative solutions. Both attributes have been considered as 
relevant by a stakeholder panel (KORTMAN et al., 1994). 
Lindeijer (1994) was the first to suggest to consider in LCIA 
the dynamics of harm in addition to its magnitude and seri- 
ousness. Unfortunately, he provided no operationalisation 
of his proposal. Each of the following arguments is trans- 
formed into a combined indicator that will finally consti- 
tute the manageability factor: 

�9 Decision makers will give higher priority to an environ- 
mental problem if the damage caused by it is difficult to 
correct and undo. Therefore, the ease of damage reduc- 
tion is chosen as a first indicator. 

�9 Decision makers may tend to give higher priority to en- 
vironmental problems if they have a higher excess of 
long-term policy or sustainability targets. A high target 
damage excess factor implies an uncertain but probably 
strong demand for changes in behaviour, technique and 
legislation. It is this uncertainty that makes this indica- 
tor relevant. 

�9 Thirdly, the control over risks is an important aspect of 
manageability. It will be indicated by the success of regu- 
lation. A problem will be judged less relevant if it is well 
known and the regulations already implemented will 
allow meeting the long-term policy targets than prob- 
lems that remain uncontrolled. 

Hofstetter (1998) has operationalised all three indicators 
and applied them to two examples: 
�9 The indicator for the ease of  damage reduction is built 

on knowledge about the possibilities to reduce damages 
due to emissions by assuming that a fixed amount of 
financial and legislative means is available overall. The 
achievable reduction may differ very much depending 
on the character of the environmental problems. The 
maximally available financial and legislative means de- 
pend on the cultural perspective. While individualists 
are hesitant to agree with additional laws or decrees, 
egalitarians and hierarchists would make use of these 
instruments. Hierarchists also believe in research and 
control and therefore are willing to spend more finan- 
cial resources on them than egalitarians and individual- 
ists do. It is estimated that research for cancer suppress- 
ing agents, for improved methods for early turnout 
detection, for intensified cancer screening programs, and 
for the legislative reduction of synergistically acting risk 
factors such as smoking could reduce the damages due 
to environmental carcinogens by 20 to 50%, depending 
on the amount of additional expenditures and on the 
strictness of new laws. 

�9 The excess of policy targets is quantified by dividing the 
damage at a reference year with the damage agreed on 
to be the long-term policy target or to represent a sus- 
tainable level. In the case of environmental carcinogen- 
esis, it is estimated that the present level is 200 prema- 
ture deaths per year per million inhabitants and many 
long-term policies aim to reduce single risks to 1 prema- 
ture death per year per million inhabitants. 
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Fig. 9: Decision tree to define a indicator value for regulation success per environmental problem 

�9 Fig. 9 provides a scheme to derive an indicator for what 
we call the regulatory success. The uneven importance 
given to this indicator by the three cultural perspectives is 
reflected in the parameters sl and s2. In the case of envi- 
ronmental carcinogenesis, the problem is well known and 
partly understood. Many regulations limit the emissions 
or use of carcinogenic substances, and the emissions of 
substances such as benzene, poly-aromatic hydrocarbons 
or heavy metals are indeed declining in the industrial coun- 
tries. However, the mentioned long-term target will not 
be met by following the present regulations, partly be- 
cause the aim is very ambitious and partly because of the 
high persistency of some carcinogenics and the long la- 
tency time between today's exposure and the expected ef- 
fects. The indicator value sl is therefore chosen following 
the diagram in Fig. 9, which is presently translated into 
adjustment factors of 0.8 for both the egalitarian and the 
hierarchic perspectives and of 0.9 for individualists (lower 
importance of long-term planning). 

The exact composition of the manageability factor is provided 
by Equations (2) and (3). Hofstetter (1998:145) provides first 
estimates for the parameters. However, empirical work with 
decision makers will be necessary to validate them. 

rap. c = Rp.r . X j  c- Sp.r = (2) 

m p,c 

with m p,c 

R 

= (1 - relative reduction o f  Dp at E �9 19" ( )go. 
{1 or sl or s2 } " __NP (3) 

manageability factor [-] Tp 
indicator for the ease of damage reduction [-] 
indicator for the excess of long-term policy 
targets[-] 

SD. c indicator for the success of regulation [-] 
Dp outcome of the damage assessment for human 

or ecological health measured in the respec- 
tive damage units 

E additional unit effort in financial and legisla- 
tive terms 

f consideration factor dependent on the mod- 
elling assumptions in the damage assessment 

Np impact due to present environmental interven- 
tions contributing to environmental problem p 

Tp target level for the environmental problem p 
gc cultural perspective dependent exponent 
sloo s 2  parameters for the regulatory success factor 
p index for environmental problem 
c index for the three cultural perspectives ('in- 

dividualists', 'egalitarians' and 'hierarchists') 
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