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Abstract
Purpose  Weighting is the process of assigning relative importance to life cycle inventory results or indicator results across 
impact categories, using weighting factors based on value choices. It is an optional step within Life Cycle Assessment (LCA) 
but plays an important role in interpreting and communicating the relative importance of different environmental impacts. As 
part of the Global LCIA Guidance (GLAM) project under the UN Life Cycle Initiative, a comprehensive review of weight-
ing methods was conducted to better understand which approaches are most appropriate for different applications in LCA.
Methods  Members of the GLAM weighting subtask identified and reviewed twenty-seven weighting methods. These meth-
ods were grouped into four categories: Multiple Criteria Decision Analysis (MCDA), monetary, data-driven and distance-
to-target methods. Classifiers based on inherent features of the weighting methods were applied to support their inclusion 
or exclusion from further considerations. Each method then was assessed against a set of evaluation criteria defined by the 
subtask members. A color-code system (green, yellow or red) was applied to indicate the degree to which each method met 
each criterion to facilitate comparison and communication.
Results and discussion  Each method was briefly described with appropriate references, including examples of usage in 
LCA studies where available. The review results are summarized in a table that highlights the performance of each method 
against the evaluation criteria. All monetary methods are classified as trade-off rates, whereas there are MCDA methods and 
data-driven methods that can be either trade-off rates or importance coefficients. All distance-to-target methods are classi-
fied as importance coefficients. The ability of each method to incorporate temporal discounting or cultural differentiation 
varies, depending on the data availability and study design. None of the methods reviewed fully met all evaluation criteria, 
especially within the scope of the GLAM project. Some criteria (like Scientific validity) are sufficiently met by almost all 
of these methods.
Conclusions  Existing weighting methods based on different approaches have both advantages and limitations. No single 
method is universally sufficient, and their validity depends on context. This comprehensive overview of available weighting 
methods provides a valuable starting point for practitioners seeking to identify suitable weighting method for specific LCA 
applications. To facilitate easy use, a software was also developed based on this review to support the selection of the most 
appropriate weighting method for LCA studies.
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1  Introduction

In Life Cycle Assessment (LCA), impacts are characterized 
at two levels: midpoints (e.g., climate change, ozone deple-
tion) and endpoints (e.g., human health, ecosystem qual-
ity). These potential impacts are quantified in the life cycle 
impact assessment (LCIA) phase. Weighting is an optional 
part of LCIA as defined in ISO 14044 (2006), where indica-
tor results are converted using numerical factors based on 
value choices. ISO/TS 14074 (2022) defines weighting as 
“converting and possibly aggregating life cycle inventory 
results or indicator results across impact categories using 
weighting factors based on value choices”. It is important 
to note that the generation of such a single score depends 
not only on the weighting step but also on the aggregation 
procedure adopted (e.g., weighted sum, outranking meth-
ods, non-linear functions). Rowley et al. (2012) even state 
that “the choice of aggregation algorithm has arguably more 
fundamental implications than the choice of weight elicita-
tion procedures; and all the more so since the very meaning 
of the weights depends on the aggregation method used.” 
Klöpffer and Grahl (2014) state that weighting is needed if 
System A is not superior for all impact categories to System 
B, or similar within the margins of error. Weighting can be 
helpful for decision-makers when interpreting LCIA results. 
There can be two primary objectives for weighting (Itsubo 
2015): (i) to identify the most important impact categories 
and, thereafter, the life cycle stages that contribute to these 
impacts, and (ii) to understand which system performs over-
all better than the others, usually via a single score.

The important role of weighting in LCA has also been 
recognised in the Global Guidance on Environmental Life 
Cycle Impact Assessment Indicators (GLAM) project of the 
United Nations Environment Programme (UNEP)—Life 
Cycle Initiative (Life Cycle Initiative 2024). More specifi-
cally, it has been part of the GLAM Phase 3 “Creation of a 
Global Life Cycle Impact Assessment Method”, a five-year 
project that started in March 2020. The aim of this phase of 
the work was to establish a comprehensive, consistent and 
global environmental LCIA methodology, building on the 
recommendations from the first two phases (Frischknecht 
et al. 2016, 2019 cited in UNEP (2020)). The recommended 
global LCIA methodology covers four main Areas of Pro-
tection (AoPs) to assess the life cycle impacts of products 
and services on human health, ecosystem quality, natural 
resources and ecosystem services, including subsequent 
steps of normalisation and weighting.

Due to the absence of a comprehensive review and 
assessment of potentially applicable weighting methods in 
LCA, this paper introduces and applies a set of consensus-
based criteria to systematically assess a large set of weight-
ing methods that can be used for different LCA studies. 

It specifically focuses on discussing how the parameters 
in each method influence its applicability to a given LCA 
study. This work is of general interest to the LCA com-
munity, but will also help identify weighting methods that 
could be suitable for the GLAM project.

In the early days of LCA, weighting was called Valua-
tion (Lindfors et al. 1995; Klöpffer and Grahl 2014). Valu-
ation was proposed in 1991 as a component of LCA of its 
own, but became part of Impact Assessment in the SETAC 
Code of Practice (SETAC (1993a) in Klöpffer and Grahl 
2014), where it has remained since. Lindfors et al. (1995) 
give examples of three types of methods: “case specific 
expert-based qualitative”, “case specific expert-based quan-
titative”, and “formalised, quantitative”. They recommend 
that users of valuation methods should use several meth-
ods for their study; their comments about valuation indi-
cate that this was due to data gaps, political values that may 
be controversial, and different values in different regions. 
Baumann and Tillman (2004) describe weighting factors as 
predominantly based on social sciences and principles that 
they group as Monetary valuation (costs of environmental 
damage or goods), Authorised targets (distance-to-target), 
Authoritative panels, Proxies (a few specific parameters 
stated as indicative for the whole impact, e.g., energy con-
sumption) and Technology abatement (linked to the possi-
bility of reducing impacts by abatement technology). Soares 
et al. (2006) describe best available practices in weighting 
and the principles that specific methods were based on at 
the time. These are described as “state of the receiving envi-
ronment” (distance-to-target), “monetary evaluation” (costs 
of avoidance/prevention/damage related to environmental 
consequences), and “public opinion” (survey results, panel 
approach based on MCDA theory). Soares et al. (2006) 
propose a hybrid approach, which they describe as com-
bining “different weighting parameters (panel approach, 
criteria judgements, distance-to-target and MCDA)”. 
Another example of a hybrid method is Finnveden et al. 
(2006). They reviewed existing methods and showed how 
the methods could be classified in different ways described 
as i) panel methods, monetization methods, distance-to-tar-
get, ii) stated and revealed preferences, and iii) mid-point 
methods and end-point (or damage) methods. The hybrid 
method developed by Finnveden et al. (2006) is based on 
ecotaxes and fees applied to midpoint impact categories. 
Finkbeiner et al. (2014) describe the three most commonly 
used weighting methods as the panel method, the distance-
to-target method and the monetary method. They recom-
mend applying several methods to case studies as well as 
supplying the unweighted results.

According to Sala and Cerutti (2018), weighting meth-
ods can be classified into five main groups: 1) single item 
(based on e.g., physical properties), 2) distance-to-target 
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(based on e.g., policy targets or planetary boundaries), 3) 
panel-based (e.g., based on surveys of experts, citizens, or 
government panels), 4) monetary valuation (based on mon-
etary estimation from e.g., observed preferences, revealed 
preferences, stated preferences, budget constraints, abate-
ment cost, damage cost) and 5) meta-models (based on 
multiple weighting factors from the combination of other 
weighting sets). The distance-to-target weighting approach 
was used by Castellani et al. (2016) for Europe, and has 
been related to the planetary boundaries (e.g., Bjorn et 
al. 2020) and Sala et al. (2020)). Panel-based methods at 
midpoint level were used by Lippiat (2007) and Huppes et 
al. (2006). ReCiPe (Huijbregts et al. 2017), LIME3 (Itsubo 
et al. 2018) and Ecoindicator99 (EI99, Goedkoop and Spri-
ensma, 2001) used monetary valuation of damage cost to 
weight impacts at endpoint level. Weights for endpoint-
based LCA have also been obtained by Bayazıt Subaşı et 
al. (2024), who used a discrete choice experiment and a 
disaggregation method from the Multi-Criteria Decision 
Analysis (MCDA) family.

Huppes and van Oers (2011) reviewed weighting 
approaches in LCIA in general, as did Powell et al. (1997). 
Reviews by Pizzol et al. (2015), Amadei et al. (2021) and 
Arendt et al. (2020) focused on monetary weighting. Piz-
zol et al. (2017) is the most recent review that includes 
several types of weighting methods used in LCA. The 
review included both normalisation and weighting. A lim-
ited number of weighting methods were included in the 
review (nine in total). The framework for their user survey 
included questions about robustness, transparency, uncer-
tainty, relevance, validity, calculation, communication, 
selection, choice (which factors to use) and coverage. It 
did not include some key features of weighting methods 
that were deemed important for this current review, such 
as the meaning of the weights, temporal discounting, abso-
lute or relative assessment, and communicability. Pizzol 
et al. (2017) found that normalised results and weighting 
scores are perceived as relevant for decision-making, but 
further development is needed to improve uncertainty and 
robustness. They also present a classification of methods 
that, in addition to the assessment (user survey), they state, 

allows for the identification of specific advantages and 
limitations. They recommend that interpretation of results 
should include referring to the purposes and limitations of 
the chosen weighting approach(es) and that users should 
make sure that decision-makers are aware of uncertainties 
and potential biases introduced by weighting. They recom-
mend weighting of damage (in line with weighting of areas 
of protection in focus in GLAM) rather than the distance-
to-target approach. They suggest that practitioners should 
prefer panel methods using panels of affected stakeholders, 
rather than expert panels. If monetary valuation is used, they 
recommend observed preferences in the form of market 
prices whenever possible.

While existing literature shows growing interests and 
efforts to understand the strengths and weaknesses of differ-
ent weighting methods in LCA, the work presented in this 
review was developed by a group of LCA experts working 
specifically on weighting suitable for the GLAM project.

This paper describes the identification of the methods 
reviewed, and how the review was conducted, including 
review criteria and classifiers. It provides the results of 
the review, describing strengths and weaknesses, domains 
of applicability and implementation requirements. The 
review also provides links to a method selection tool (The 
Weighting Methods Selection Software, WEMSS, Cinelli 
et al. 2023) developed during the GLAM weighting sub-
task work. This tool uses the developed classifiers, criteria 
and reviews as a basis for identifying methods suitable for 
a given study, including the selection of relevant methods 
that could be applied to calculate weights at the global level 
suitable for GLAM.

2  Approach

The methodology developed for the review of the weighting 
methods is presented in Fig. 1. It consists of seven stages. 
After the formation of the weighting subtask, the weighting 
methods were identified and grouped into four categories 
(Stage 1, see Sect. 2.1). In Stage 2, the criteria used to assess 
the methods were selected, and then they were used to 

Fig. 1  Weighting subtask review methodology
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	– Monetary methods can involve stakeholders and lead to 
a single measure (in monetary terms)

	– MCDA involves stakeholders and keeps the units in 
their original scale

	– Data-driven methods need no stakeholder involvement 
and are based on the statistical properties of the dataset

	– Distance-to-target methods need no stakeholder in-
volvement, and weights are defined according to the 
distance from a political target

When grouping the methods according to these typologies, 
this avoids potential overlaps between categories found 
when more groups are used (e.g. meta models and monetary 
models can also include panels, as shown in Sala and Cerutti 
2018). The authors believed that four groups allowed for a 
more distinct grouping.

For each of the groups of methods, based on the existing 
literature, the subtask members reported on their strengths 
(i.e., common points of popular and scientific advantage), 
weaknesses (i.e., common points of popular and scientific 
critique), application (i.e., examples of applications, prefer-
ably in relation to LCA), and implementation requirements 
(i.e., key working axioms and operational conditions that 
need to be met to apply the method). After this, a set of 
classifiers (Table 1) and criteria (Table 2) were defined by 
the subtask group to review each of the identified methods; 
these are presented in more detail in Sect. 2.2. The classi-
fiers (Table 1) were used to define inherent features of the 
weighting methods that could help to include or exclude 
methods from a given application. Each criterion has been 
used to assess the different individual weighting methods in 
terms of their capabilities in principle. A qualitative scale 
for each criterion was developed to aid in distinguishing 
between the different methods’ characteristics (Stage 2, 
Fig. 1). An iterative process has been developed in which 
the classifiers and then the criteria were applied. The cri-
teria were then consolidated alongside the method reviews 
themselves (see the links between stages 2–5 in Fig. 1). The 
reviews were initially carried out in small groups; each one 
reviewing a different type of method (Stage 3, Fig. 1). The 
co-chairs of the working group then assessed the need for 
harmonisation of reviews between the small groups (Stage 
4, Fig. 1). This led to further text adjustments for method 
reviews to achieve the consolidation and harmonisation 
required between the small groups. All of the reviews were 
then presented to the whole task force (approximately 35 
members), thus initiating further harmonisation work and 
revision of the criteria (Stage 5). When the criteria and scale 
definitions (Table 2) were finalised, these were then applied 
to complete the reviews.

review the methods by groups of subtask members in Stage 
3. This was followed by a harmonisation of the reviews by 
the co-chairs of the weighting subtask of the GLAM project 
(Stage 4) and by the whole subtask (Stage 5). After this, the 
reviews have been finalised in Stage 6.

2.1  Identification of existing methods

The subtask members identified and then reviewed twenty-
seven weighting methods that could be suitable for LCA 
studies, including the GLAM project (Stage 1, Fig. 1). They 
were selected from existing repositories of weighting meth-
ods used for LCA studies (Huppes and van Oers 2011; Pow-
ell et al. 1997; Itsubo 2015; Murakami et al. 2018; Pizzol 
et al. 2015, 2017; Amadei et al. 2021; Arendt et al. 2020; 
Finnveden et al. 2009; Bjørn et al. 2020; Dias et al. 2019; 
Prado et al. 2020), as well as from research supporting com-
plex decision-making processes based on multiple criteria 
and suitable for use in LCA also (Roy and Mousseau 1996, 
Morton and Fasolo  2009, Choo et al. 1999, Greco et al. 
2019, Oliveira et al. 2020).

For this review, four types of weighting methods are dis-
tinguished: Multiple Criteria Decision Analysis (MCDA), 
monetary, data-driven and distance-to-target. MCDA 
weighting methods are used to define the relative impor-
tance of criteria that will then be used to shape a decision 
recommendation (e.g., ranking via a single score, sorting in 
preference-ordered categories) for the decision-maker (Sep-
pälä et al. 2001, EPA 2006, Cinelli et al. 2014, see 3.1.1). 
Monetary valuation is the practice of converting measures 
of social and biophysical impacts into monetary units (Piz-
zol et al. 2015, see 3.1.2). Data-driven methods derive the 
weights from the data that describes the alternatives under 
assessment, namely its descriptive statistics (e.g., correla-
tion analysis), using no elicited values or any other external 
information (Greco et al. 2019, see 3.1.3). Distance-to-tar-
get methods aim at assessing the distance of an existing sys-
tem from a desired state (the target, Castellani et al. 2016, 
see 3.1.4). The authors selected four groups, instead of five 
like Sala and Cerutti (2018), as they best represented the 
diversity of typology of approaches used:

Table 1  Method classifiers
Method classifier Definition
1 Meaning of 

weights
Distinguishes the meaning of the weights 
as trade-off rates or importance coefficients

2 Temporal 
discounting

Ability of the method to weight impacts 
differently over time

3 Cultural 
differentiations

Ability of the method to include/account 
for different cultural backgrounds
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Criteria Definition

1

Independence 

of the set of 

systems being 

evaluated

Distinguishes 

whether the 

weights are 

independent 

or not of the 

set of systems 

being 

evaluated

Weights are independent of

the set of alternatives.

The weight values are 

dependent on the set of 

alternatives being 

evaluated. 

2
Reproducibility 

of the weights

Capacity of 

the method to 

generate the 

same weight 

values 

regardless of 

the number of 

analyses 

performed

Replicates provide 

same/similar results when 

the dataset is the same.

Replicates 

provide quite 

similar 

results

Reproducibility is difficult 

to achieve.

3
Scientific 

validity

Assessment of 

the scientific 

validity of the 

published 

method

Published in peer-reviewed 

journal or book

Published in 

peer-

reviewed 

conference 

proceedings

Not peer-reviewed

4
Method 

transparency

Level of 

transparency 

of method 

algorithms 

and value 

All method algorithms and 

value choices are explained

Method 

algorithms 

and value 

choices are 

partly 

Method algorithms and 

value choices are not 

explained

choices explained

Table 2  Criteria scale and colour coding* used for reviews
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5

Coverage of 

GLAM areas of 

protection 

(AoP)

Capacity to 

provide 

weights for 

GLAM areas 

of protection 

(AoPs)

All GLAM AoPs are 

covered

Not all GLAM AoPs are 

covered

6
Uncertainty 

characterisation

Capacity of 

the method to 

address the 

characterizatio

n of 

uncertainty for 

the weights

Uncertainties are 

characterised stochastically

Uncertaintie

s are 

characterised

, but not 

stochasticall

y

Uncertainties are not 

characterised

7
Communicabilit

y

Easiness of 

communicatio

n of the 

meaning of 

the weights to 

a wide group 

of 

stakeholders

The meaning and 

calculation of the weights 

are easy to communicate

The meaning 

or the 

calculation 

of the 

weights is 

not so easy 

to 

communicat

e

Communication of the 

meaning and calculation of 

the weights is difficult.

8

Accounting for 

differences in 

utility for the 

same impact     

Capacity of 

the method to 

assign 

different 

weights to the 

same impact 

experienced 

by individuals 

living in 

different 

social and 

economic 

contexts to 

reflect their 

loss of utility     

The method can assign 

different weights to the 

same impact experienced by 

individuals living in 

different socio-economic 

contexts to reflect their loss 

of utility

The method cannot assign 

different weights to the 

same impact experienced 

by individuals living in 

different socio-economic 

contexts to reflect their 

loss of utility

9
Association 

with AoP units

Capacity of 

the method to 

provide 

weights that 

are directly 

related or 

relatable to the 

AoP metrics

Weights are directly 

relatable to the AoP metrics

Weights are 

not directly 

related but 

can be 

adapted to 

the AoP 

metrics

Weights are not directly 

related or relatable to the 

AoP metrics

Criteria 10-16 are related to the implementability of the method

Table 2  (continued) 
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1

0

Geographical 

resolution

Capacity of 

the method to 

differentiate 

between 

geographical 

areas

National differentiation

Continental 

differentiatio

n

No geographical 

differentiation

1

1

Global 

coverage

Capability of 

the method to 

provide global 

average 

weights

Global weights can be 

obtained

Global 

weights can 

be calculated 

from non-

global 

weights

No global weights can be 

obtained

1

2

Application 

demonstrated in 

case studies

Extent to 

which the 

method has 

already been 

applied in case 

studies

Widely used in case studies

Used in just 

a few case 

studies

Not used in any case 

studies

1

3

Required 

resources to 

apply the 

method

Time, cost and 

human 

resources

required to 

apply the 

method

Little time, cost, and human 

resources needed

notable time 

and/ or cost 

and / or 

human 

resources

needed

extensive time, cost and 

human resources needed

1

4

Required 

technical and 

calculation 

infrastructure

Technical and 

calculation 

infrastructure 

required for 

the use of the 

method, such 

as dedicated 

software, 

mathematical 

models, 

databases and 

IT platform

Simple infrastructure

Some simple 

and some 

complex 

infrastructur

e

Complex infrastructure

1

5

Representative-

ness

Capacity of 

the method to 

work with a 

representative 

sampling of 

the affected 

population

The method can work with 

a representative sample of 

the affected population

Indirect 

sampling of 

the affected 

population

No representative sampling 

of the affected population

1

6
Bias 

Presence (and 

management) 

of biases 

introduced by 

the method 

No known biases

Known 

biases that 

can be 

corrected or 

accepted

Biases present cannot be 

corrected or accepted

*colour coding: green stripes, yellow, and red dots indicate full sufficiency, partial sufficiency, no sufficiency for the scope of the GLAM project 
respectively.

Table 2  (continued) 
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colour codes shown in Table 2 were used to grade the meth-
ods that were evaluated. A brief description of the criteria 
shown in Table 2 follows.

“Independence of the set of systems being evaluated” dis-
tinguishes whether the weights are independent or not of the 
set of systems being evaluated, looking at whether there is 
a dependecy between weights and alternatives under assess-
ment. “Reproducibility of the weights” is used to describe 
the capacity of the method to generate the same weight val-
ues independently from the number of applications of such 
method. “Scientific validity” grades whether the method 
has been published in a peer-reviewed journal, conference 
proceedings or not. “Method transparency” is used to grade 
whether the underlying algorithms, assumptions and value 
choices of the method are explained in the reference publi-
cations. The next criterion for this review is specific to the 
GLAM project, and it assesses whether all the GLAM AoPs 
can be included by the weighting method. “Uncertainty 
characterisation” addresses the capacity of the method to 
characterise uncertainties associated with the weights, dis-
tinguishing between a stochastic, non-stochastic and no 
characterisation at all. “Communicability” grades the ease 
of communication of the meaning of the weights to a wide 
group of stakeholders. “Accounting for differences in utility 
for the same impact” focuses on considering whether the 
method can account for the loss of utility that individuals 
living in different social and economic contexts experience. 
“Association with AoP units” is used to grade the capacity 
of the method to provide weights that are directly related 
or relatable to the AoP metrics. It distinguishes methods 
according to their intrinsic link to the measurement units of 
the AoPs. The rest of the criteria relate to the implementabil-
ity of the methods reviewed. “Geographical resolution” 
grades the capacity of the method to differentiate between 
geographical areas, ranging from national differentia-
tion to no geographical differentiation. “Global coverage” 
describes whether the method can provide directly global 
average weights, whether they can be obtained from non-
global weights, or whether such weights cannot be obtained 
with the method. “Application demonstrated in case stud-
ies” is considered in order to evaluate the extent to which 
the method has already been applied in case studies. The 
criterion “Required resources to apply the method” grades 
the time, cost and human resources required to apply the 
method (from limited to extensive). “Required technical and 
calculation infrastructure” grades whether simple or com-
plex technical and calculation infrastructure is required to 
use the method. “Representativeness” describes the capac-
ity of the method to work with representative sampling of 
the affected population. The criterion “Bias” is used to grade 
the presence (and management) of biases introduced by the 
method, using the scale of no known bias, known biases that 

2.2  Review classifiers and criteria

Weighting methods have several attributes (features) that 
can be used to distinguish among them and to identify 
those most suitable for their users’ needs. These features 
were selected starting from comparable approaches used 
for reviews in LCA literature (Pizzol et al. 2015, 2017). 
They were then extended based on the input received by the 
weighting subtask members, accounting for the latest devel-
opment in the area by 2021. This effort led to an overall set 
of 19 features, divided into three classifiers and 16 criteria. 
The classifiers (Table 1) were used first, to define the mean-
ing of the weights (whether trade-off rates or importance 
coefficients), whether they include temporal discounting, 
and the methods’ abilities to include or account for differ-
ent cultural backgrounds. The criteria were used for the fea-
tures where preference-ordered levels of performance could 
be defined, resulting in a qualitative scale for each of them 
(Table 2).

The method classifier “meaning of the weights” is 
obtained by asking the question “Are the weights trade-off 
rates (sometimes called compensation rates, e.g., x units of 
impact category A are equivalent to y units of impact cat-
egory B) or importance coefficients (e.g., impact category A 
weights 80 points and impact category B weights 20 points 
out of 100 in total)?” (Cinelli et al. 2020; Dias et al. 2015 
and Munda and Nardo 2005).

The “Temporal discounting” classification is performed 
by asking the question “Does the method allow to discount 
impacts according to the time horizon?” (Yuan et al. 2015).

The question to determine cultural differentiations is 
“Does the method allow to account for different cultural 
backgrounds of the affected population?” (Thompson 2002). 
An example of this could be whether the method allows for 
the difference in the cultural background of an indigenous 
population within a country, being different to the cultural 
background of the rest of the population.

Further to the classifiers above, the set of criteria shown 
in Table  2 was developed within the weighting subtask, 
with reference also to further publications (i.e. Cinelli et 
al. (2020), Dias et al. (2015), Munda (2005), Pizzol et al. 
(2017)). The criteria relate to the intrinsic and operational 
characteristics of the methods. The intrinsic ones include, 
for example, the type of weights that the methods provide 
(e.g., trade-offs or importance coefficients), as well as the 
reproducibility of the weights and their uncertainty charac-
terization (e.g., stochastic values). The operational charac-
teristics consider the implementation requirements for the 
user. Examples of these characteristics are the geographi-
cal resolution of the method (e.g., national, continental), the 
demonstrated use in case studies, and the potential intro-
duction of biases during the application of the method. The 
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can be considered depends also on the respondents them-
selves and the task at hand (e.g., the way the information is 
provided, the time constraints, Cowan 2015 and Ma et al. 
2014).

Precise and imprecise points allocation have been 
applied, for example, by Ligus (2017). Similarly to the 
SWING methods, it is easy to apply for up to seven criteria 
and requires only simple calculations to derive the weights. 
Compared to direct rating (see below), it is less reliable 
when testing and re-testing (Bottomley and Doyle 2001).

Precise and imprecise direct rating examples are the 
OECD’s better life index (OECD 2023) and the work of 
Ruangpan et al. (2021). Their key strengths are that they 
are easy to apply and require a low cognitive load for 
respondents. Compared to point allocation, these precise 
and imprecise direct rating methods are more test–retest 
reliable, more inter-rater reliable (greater consensus) and 
more accurate at the individual level (Bottomley and Doyle 
2013). Common points of popular and scientific critique are 
that there is no consideration of the spread of an attribute/
criterion (Riabacke et al. 2012) and the restriction to a small 
set of criteria to avoid respondents’ overload.

An example of the application of ranking is Manik et al. 
(2013). Ranking is easy to apply and requires little cognitive 
load for respondents. Some points of critique are that deci-
sion data is seldom purely ordinal and conversion to cardi-
nal weights is needed for which several approaches exist, 
leading to different weights for the same ranking (see e.g., 
Riabacke et al. 2012).

The AHP is a very common method that has been used in 
many application areas since the 1980s’, with examples in 
Hermann et al. (2007), Bao et al. (2013), and Petrillo et al. 
(2016). AHP is easy to apply conceptually thanks to its com-
parative semantic scale (e.g., “X is much more important 
than Y”, Saaty 2016, 2008). However, it becomes demand-
ing to apply when the number of criteria increases over 
seven, due to the large number of required pairwise compar-
isons (though some solutions have been proposed to reduce 
this number, e.g., Abastante et al. 2019). It should also be 
noted that there is theoretical debate about the methodologi-
cal soundness of the method (Ishizaka and Labib 2011); it 
can result in a lot of inconsistencies, possibly leading to the 
exclusion of those responses with too much inconsistency.

Mutikanga et al. (2011), Govindan et al. (2017) and 
Kadziński et al. (2018) provide examples of applications of 
Simos, Revised Simos and SRF (Simos Roy-Figueira). This 
method is simple to understand. It is well suited to match 
intuitive notions of criteria importance and, therefore, well-
suited to outranking MCDA methods. Some criticism of 
this method has been that the question of how many times 
the first level of the ranking is more important than the last 
level is hard to answer. For this reason, some users prefer 

can be corrected or accepted, or whether biases present can-
not be corrected or accepted.

3  Results and discussion

Nine MCDA methods, eight monetary methods, six data-
driven methods, and four distance-to-target methods were 
reviewed; see Table  3 for a description of each method, 
including key references. A summary of the method classi-
fier information from the reviews of the methods is shown 
in Table 4. A brief overview of each of these types of meth-
ods, together with their strengths, weaknesses and imple-
mentation requirements, is provided in the next section.

3.1  Strengths, weaknesses, domains of applicability 
and implementation requirements

3.1.1  MCDA methods

Nine types of MCDA methods were included in the review: 
precise and imprecise trade-offs, precise and imprecise 
SWING, precise and imprecise points allocation, precise 
and imprecise direct rating, ranking, Analytical Hierarchy 
Process (AHP), Simos and its revisions, disaggregation 
methods, and Stochastic Multicriteria Acceptability Analy-
sis (SMAA). Except for the last MCDA method presented 
(SMAA), all methods require a preference elicitation pro-
cess, e.g., asking questions to decision-makers, stakeholders 
or experts by means of surveys, focus groups or interviews. 
These preference elicitation processes may lead to incon-
sistencies when numerous criteria are involved (e.g., AHP).

Precise and imprecise trade-offs were introduced in the 
1970s’ in the operational research literature, with key refer-
ences being Keeney and Wood (1977), Merkhofer and Kee-
ney (1987), Keeney and McDaniels (1999). They provide 
the relevant representation of trade-off rates accepted by 
the respondents. They study how much of each criterion is 
needed to make meaningful trade-offs between criteria. A 
common point of critique (Roy and Słowiński 2013) is that 
these methods are cognitively demanding.

Precise and imprecise SWING application examples 
can be found in Berta et al. (2016) and Vogt Gwerder et al. 
(2019). The method is easy to apply for up to seven crite-
ria and requires simple calculations to derive the weights. 
However, it becomes difficult to apply when the number of 
criteria increases over seven (Miller 1956). This is due to 
the increasing cognitive load that is placed on the respon-
dent, who must account for more and more information (i.e., 
criteria) at a time when making their choices (Paas et al. 
2003). However, this threshold (i.e., seven) should not be 
considered a fixed one, as the upper limit of criteria that 
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Method Description
MCDA methods
Precise trade-offs (Keeney and 
Raiffa 1993)

Based on the comparison of alternatives which perform differently on two criteria (assuming performance 
for other criteria is fixed). Respondents are asked to indicate if two alternatives are indifferent. If they are 
not, the respondent indicates the alternative they prefer and then changes one of the values in such a way 
that would make alternative A as good (or as bad) as alternative B. Imprecise trade-offs is an adaptation of 
precise trade-offs, which allows respondents to assign an interval to the values that would make two alterna-
tives indifferent

Precise and imprecise SWING 
(Edwards and Barron 1994)

Precise SWING: the change of evaluation of performance on each criterion from one value to a different 
one (typically from the worst to the best value). A fictitious alternative that performs the worst on all the 
criteria is considered, the respondent is asked to indicate which criterion they would prefer to improve from 
its worst value to its best. This swing is assigned 100 points. The respondent is then asked to indicate which 
criterion of the fictitious alternative would be the second most important one they would like to improve 
from its worst to its best value. They assign a swing from 0 to 100 to indicate how important that change 
would be. This continues until all the criteria are ranked in terms of their attractiveness on the 0–100 swing. 
The points assigned to each criterion are summed and used to normalize each criterion on a 0–100 scale. 
Imprecise SWING is an adaptation of the SWING method allowing respondents to assign a points interval 
for the swing for each criterion

Precise and imprecise points 
allocation (Doyle et al. 1997)

Respondents are asked to distribute a pre-allocated set of points (e.g., 100) to define the importance of each 
criterion. Imprecise points allocation is an adaptation of the precise points allocation method, allowing 
respondents to assign a points interval to define the importance of each criterion

Precise and imprecise direct rat-
ing (Bottomley and Doyle 2001, 
Bottomley and Doyle 2013, 
Zardari, Ahmed et al. 2015, 
Ruangpan et al. 2021)

Respondents rate each criterion on a fixed scale (e.g. 0–100 or 0–10). Minor variants include first giving the 
most important criterion a value of 100 or first giving the least important criterion a value of 10, the latter 
without having an upper bound. The assignment of the points can be either precise (e.g., 10 points for crite-
rion 1) or imprecise (a range of points for the criterion)

Ranking (Riabacke et al. 2012 
and Manik et al. 2013)

Criteria are ranked from most to least important, implying imprecise weighting, and the weights are usually 
derived by applying a mathematical formula, e.g.: rank sum, rank reciprocal, or rank exponent

The Analytical Hierarchy Pro-
cess (AHP) (Saaty 2008, Saaty 
1990, Donegan et al. 1992, Her-
mann et al. 2007, Bana e Costa 
and Vansnick 2008, Munda 
2005, Ishizaka and Labib 2011, 
Bao et al. 2013, Petrillo et al. 
2016

Criteria are compared on a pairwise comparison basis with a predefined semantic scale (e.g., 1–9). The 
higher the importance of a criterion with respect to the other, the higher the score. After these comparisons 
are completed, a matrix is derived based on this set of comparisons (K x K, where K is defined as the set of 
criteria). The value of the weights is then derived based on the eigenvector of the matrix. The respondent is 
also provided with a measure of the inconsistency in the given pairwise comparisons

SIMOS/Revised SIMOS/SRF 
(Simos 1990a, 1990b; Figueira 
and Roy 2002; Mutikanga et 
al. 2011; Siskos and Tsotsolas 
2015; Danielson and Ekenberg 
2017; Govindan et al. 2017; 
Kadziński et al. 2018)

The respondent is asked to place cards (each representing one criterion) in decreasing order of importance. 
Ties are allowed for criteria judged to be equally important. The respondent can also place blank cards 
between other cards in the ranking to indicate a greater difference in importance. Finally, the respondent 
should indicate how many times the most important (first) criterion (or group of criteria) is relative to the 
least important (last) ranked criterion (or group of criteria)

Disaggregation methods 
(Diakoulaki et al. 1999, Dias 
et al. 2002, Sánchez-Lozano et 
al. 2014, Chhipi-Shrestha et al. 
2018, Matsatsinis et al. 2018

The respondent is asked to provide their judgment about a relatively small number of examples, each one 
represented by a vector of impact indicator values. The judgment can consist of choice (which vector is 
preferred), ranking, or classification in predefined categories. Using mathematical programming, the disag-
gregation approach infers a weighting vector that respects the judgment provided as closely as possible

SMAA (Lahdelma and Salminen 
2001; Prado-Lopez et al. 2014; 
Tervonen 2014; Prado and 
Heijungs 2018)

Impacts are weighted based on random sampling from a space of weight vectors, usually assuming a uni-
form distribution (other distributions can be used). The space of weight vectors is typically the unit simplex 
(vectors of positive weights that add up to 100%), but preferences of decision-makers, experts or other 
stakeholders can be used to constrain the sampled space

Monetary methods
Budget constraint (Weidema 
2009; Pizzol et al. 2015)

The marginal value of a quality-adjusted life year (QALY) is based on the potential economic production per 
capita per year. The monetary value for ecosystem damage is derived from the monetary value for a QALY, 
while the monetary value for resource productivity is measured in terms of the future economic output

Abatement cost (Davidson et al. 
2005; Oka 2005; Hendriks et al. 
2006; Pizzol et al. 2015)

The cost to reach certain (for example, political) targets; costs can accrue due to emission controls or chang-
ing (or replacing) processes (including the machinery). In general, only marginal abatement costs (MACs) 
are used

Market price (Finnveden 1999; 
Pizzol et al. 2015; ISO 2019; 
OECD 2020)

The marginal value of a good is identified on the basis of its market price

Table 3  Identified weighting methods
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Method Description
Contingent valuation, CVM 
(Hanley and Spash 1993, White-
head and Haab 2013, Freeman 
III et al. 2014, Johnston et al. 
2017, ISO 2019)

Goods (marketed or not) are valued by surveys. Hypothetical markets are created for the respective environ-
mental good; participants are asked how much they would be willing to pay for an increase in the availabil-
ity of an environmental quality, or how much they would have to be compensated for in order to accept a 
certain decline in an environmental quality

Conjoint analysis (Itsubo et 
al. 2004; Itsubo et al. 2012; 
Murakami et al. 2018)

The utility of individual attributes of marketed and non-marketed goods are valued by surveys. Hypotheti-
cal markets for the respective attributes of a good are created; respondents are asked hypothetical questions 
providing several options with a combination of different conditions of the attributes of the environment 
(i.e., the AoPs). The respondents are asked which option with a set of attributes is the most preferable, and 
their utility of each attribute is implicitly quantified through the iterative questions with different options by 
statistical analysis

Averting behaviour (Dickie 
2017; OECD 2018; ISO 2019)

The main premise is the notion that individuals and households can insulate themselves from a non-market 
bad (as opposed to (non-)market good) by selecting more costly types of behaviour as described in the 
literature. These behaviours might be more costly in terms of the time requirements they imply, or of the 
restrictions they impose on what the individual would otherwise wish to do. Alternatively, individuals might 
be able to avoid exposure to non-market bads via the purchase of a market good. These financial outlays are 
known as defensive expenditures. The value of each of these purchases represents an implicit price for the 
non-market good or bad in question

Travel cost (Parsons 2017; 
OECD 2018; ISO 2019)

Estimation of recreation demand and value recreational uses of the environment, such as fishing, rock climb-
ing, hiking, hunting, boating, etc. Different cost components exist: cost of the journey to the destination in 
question, including costs related to transport, lodging, food, entertainment, time spent and entrance fees

Hedonic Pricing (Taylor 2017; 
OECD 2018; ISO 2019)

Variation in product variety gives rise to variations in product prices within each market. The hedonic 
method relies on market transactions for differentiated goods within the same market (e.g., cars, computers, 
houses) to determine the implied value or implicit price of characteristics. The hedonic pricing method uses 
statistical methods to isolate the implicit “price” of each of these characteristics

Data-driven methods
Criteria Importance Through 
Intercriteria Correlation, 
CRITIC (Diakoulaki et al. 1995)

This method considers the standard deviation of each normalized criterion (contrast intensity) and the linear 
correlation between them (conflict)

Data Envelopment Analysis 
(DEA) (Charnes et al. 1997; 
Cherchye et al. 2007; Cooper et 
al. 2011; Greco et al. 2019)

A mathematical programming approach to assess the relative efficiency of a number of systems. The 
efficiency score (eco-efficiency or other) involves weighting multiple indicators. The weighting vector for 
each system under evaluation is chosen to make it compare in the best possible way against its peers. The 
efficiency score for each system is optimised using the weights as variables to be set. The system is deemed 
to be efficient if no other systems perform better given the chosen weights vector

Entropy (Hwang and Yoon 
1981; Zeleny 1982)

Relies on information theory to measure the amount of useful information that can be obtained. When the 
evaluated alternatives have a great difference between each other on a particular impact category indica-
tor, the entropy is smaller, meaning that the impact category indicator provides more effective information, 
and therefore, the weight value corresponding to that indicator should be larger. When the differences are 
smaller, the entropy is larger, thus the amount of information provided by the indicator is smaller, and its 
weight value should be correspondingly smaller

Principal Component Analysis 
(PCA) (European Commission 
2008, Gan et al. 2017; Greco et 
al. 2019)

The decision matrix is transformed into a series of equations (as many as the number of indicators), repre-
senting a linear transformation of the original data in such a way that the maximum variance of the original 
impact category indicators is explained with the first equation, the second-highest variance (which is not 
explained by the first equation) is explained by the second equation, and so on. The linear combinations of 
the original indicators are called principal components. The factor loading of the first principal components 
are rotated to minimize the number of individual variables that have a high loading on the same component. 
These factors are generally considered the indicators’ weights. The largest factor loadings are assigned to the 
indicators with the largest variation across the dataset, whereas smaller factor loadings are assigned to the 
indicators with less variation across the dataset

Factor Analysis (FA) (European 
Commission 2008, Nardo et al. 
2008; Gan et al. 2017; Greco et 
al. 2019)

Contrary to PCA, which is based simply on the linear combination of the data, FA assumes that the data is 
based on the underlying factors of the model and that the data variance can be decomposed into the variance 
accounted for by common and unique factors. Each factor is defined as a set of coefficients (so-called load-
ings), each measuring the correlation between the individual impact category indicators and the latent factor

Regression Analysis (Nardo et 
al. 2005; Paruolo et al. 2013; 
Gan et al. 2017)

A statistical method to assess the relationship between a set of independent variables (indicators) and a 
dependent variable (an outcome measure) based on observation data. E.g., Pearson’s correlation ratio (also 
known as the first-order sensitivity index) is calculated with respect to the composite indicator (the index 
obtained from the aggregation of the individual indicators). This correlation ratio is a coefficient of nonlinear 
association and can be considered as an ex-post measure of importance

Table 3  (continued) 
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the additive model, on the normalisation used. There are no 
specific key working axioms or operational conditions that 
need to be met to apply the method if no preferences are 
provided to be accounted for. In these cases, the sampled 
weights space is a uniform distribution of all possible weigh-
ing vectors. When preferences of decision-makers, experts 
or other stakeholders are provided (e.g. ranking of the cri-
teria, weight thresholds that cannot be exceeded), they can 
be used to constrain the sampled space (Dias et al. 2024).

3.1.2  Monetary methods

Eight monetary methods have been evaluated. The budget 
constraint method (Weidema 2009) builds on Ecoindica-
tor 99 (Goedkoop and Spriensma 2000) values and its AoP 
indicators (disability-adjusted life years, potentially disap-
peared fraction of species, and megajoule resource deple-
tion). Budget constraint has been used in Stepwise 2006 
(Pizzol et al. 2015). It can be used to assess damage and 
may also be used at midpoint indicator level. Criticism of 
the method includes that “budget constraints” implies that 
environmental impacts are affordable (i.e., having a cost 
that is not too high). The magnitude of the values linked to 
biodiversity1 and resources are contested. There is a need 
for clarification on whether the method actually does mea-
sure willingness to pay (WTP), or whether it is rather an 
assessment of the “ability to pay”. The weights used only 
work with Quality-Adjusted Life Years (QALYs) for human 
health, biodiversity-adjusted hectare year2 for ecosystem 
quality and “resource productivity” measured as the future 
economic output in monetary units.

Abatement costs are used in LCA methods, such as MAC 
(marginal abatement costs), EVR (environmental cost/
value ratio) and RVA (resource vulnerability assessment). 

1  Noting that biodiversity assessment and valuation is difficult and 
comes with a certain degree of uncertainty in general (OECD 2018, 
Pascual et al. 2023, UNEP-WCMC et al. 2022).
2  corresponds to 10.000 PDF m2 year (European Commission 2023).

to work with a set of multiple compatible weight vectors 
rather than a single vector that would result from a precise 
answer to that question. The number of blank cards is usu-
ally small in practice, which limits the variety of weight 
vectors (although, in theory, the limitation does not exist as 
no limit is placed on the number of blank cards). The differ-
ences between the weights can change in an uncontrolled 
way when the cards are reordered. This can happen because 
the weights determined differently depend on the number of 
cards in the subsets of equally ranked cards (Danielson and 
Ekenberg 2017).

Examples of the use of disaggregation methods can 
be found in Diakoulaki et al. (1999), Sánchez-Lozano et 
al. (2014) and Chhipi-Shrestha et al. (2018). The respon-
dents’ preferences can be elicited without requiring that 
they know the aggregation model’s details. Its key strength 
is that the disaggregation strategy can be adapted to any 
type of multi-criteria aggregation model (value, outrank-
ing, rules, Doumpos and Zopounidis 2011). This means that 
the disaggregation strategy leads to weights whose mean-
ing can be one of trade-off rates or importance coefficients, 
according to the assumed type of multi-criteria aggregation 
model. However, the results might depend on the examples 
assessed, meaning that according to the types of examples 
used to obtain the judgments, different values of the weights 
can be obtained for the same type of aggregation model.

SMAA has been used in several application areas, as 
reported by Tervonen et al. (2009), Prado-Lopez et al. 
(2014), Vogt Gwerder et al. (2019), and Dias et al. (2022). 
Its key strength is that there is no need to elicit weights, and 
the method is able to identify conclusions that hold always, 
or almost always, considering randomly generated weights. 
Uncertainty can be characterised stochastically “per 
response”. Furthermore, similarly to disaggregation meth-
ods, SMAA also leads to weights that can be trade-off rates 
or importance coefficients, according to the assumed type of 
multi-criteria aggregation model (Pelissari et al. 2020). The 
results depend on the underlying aggregation model and, in 

Method Description
Distance-to-target methods
Carrying capacity (Bjørn and 
Hauschild 2015; Vargas-Gonza-
lez et al. 2019)

Carrying capacity estimates from the literature matching existing LCIA midpoint impact indicators are used 
to develop weighting factors

Planetary boundaries (PB) 
(Tuomisto et al. 2012; Steffen et 
al. 2015)

PB estimates from the literature (mainly Rockström et al. 2009 and Steffen et al. 2015) are used to develop 
weighting factors to applicable impact categories at the midpoint or, potentially, endpoint

EDIP97 (Wenzel et al. 1997; 
Hauschild and Wenzel 1998; 
Huppes and van Oers 2011)

The basis for weighting is political environmental targets within each impact category (set as a reduction in 
society’s impact on the environment) and considers only binding targets. The original set of weighting fac-
tors was defined for Denmark

Swiss Eco-Scarcity (Frisch-
knecht and Büsser Knöpfel 
2013; Ahbe et al. 2017)

Environmental exchanges are evaluated in relation to political targets for Switzerland, and lately extended to 
other geography, e.g. the EU

Table 3  (continued) 
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Method classifier
1 2 3
Meaning of 
weights

Temporal discounting Cultural differentiations

Definition Distin-
guishes the 
meaning of 
the weights 
as trade-off 
rates or 
importance 
coefficients

Ability of the method to 
weight impacts differently 
over time

Ability of the method to include/account for different 
cultural backgrounds

MCDA methods
Method
Precise and imprecise trade-offs Trade-offs It is possible to include 

temporal discounting in the 
assessment of the impacts 
if the respondents are asked 
to provide their input with 
respect to their current as 
well as future preferences 
(e.g., if participants are asked 
how they value something 
now and which value they 
expect to attach to it in the 
future). However, it requires 
a larger effort from the 
participants, and feasibility 
depends on the case, e.g. 
the number of attributes for 
which they have to assess the 
importance

The method can account for different cultural back-
grounds if people from such backgrounds are part of 
the pool of respondents. Feasibility depends on the 
case, e.g. the number of attributes for which they have 
to assess the importance, as a lower workload for par-
ticipants makes it more likely that invitees will respond

Precise and imprecise SWING
Precise and imprecise points allocation Importance 

coefficientsPrecise and imprecise direct rating
Ranking
AHP
SIMOS/Revised SIMOS/SRF
Disaggregation methods The method 

works for 
both inter-
pretations of 
the weights

SMAA Eliciting partial informa-
tion (e.g., a ranking of the 
weights) is optional. In cases 
where preferences are elic-
ited, it is possible to include 
temporal discounting in the 
assessment of the impacts, as 
described above

Eliciting partial information is optional. If preferences 
are elicited, it is possible to account for different cul-
tural backgrounds if people from such backgrounds are 
part of the pool of respondents, as described above

Monetary methods*
Budget constraint Trade-off 

rates
Yes, discounting is possible Good, as it is based on Ecoindicator99

Abatement cost Low. Nevertheless, if different cultures (e.g. nations) 
independently set (different or the same) clean-up 
targets or emission ceilings, there is a possibility to 
distinguish between cultures

Market Price Partially, geographically different prices are possible
Contingent valuation Yes, if surveys are performed globally, different cultural 

values can be mostly reflected in the method; however, 
some people might not have practiced trading in these 
non-marketable goods or perceive that the government 
should pay for some things, which reduces the validity 
of the results

Conjoint analysis

Averting behaviour The method can be conducted in different cultural 
contexts and thus can account for different cultural 
backgrounds

Travel cost
Hedonic Pricing
*Note for Cultural Differentiations for Monetary methods: some people would argue that the cultural value of the environment cannot be 
accounted for, as it is not easily nor meaningfully connectable to a product of nature (Kirchhoff 2012)

Table 4  Method classifiers for the methods reviewed
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et al. (2017), IPCC (2014), de Bruyn et al. (2018), Steen 
(2019) and Steen and Rydberg (2020). Most of the applica-
tions address existing markets, but future market prices may 
also be estimated. No surveys are needed, unlike for con-
tingent valuation or Discrete Choice Experiments (DCE,3 
sometimes called choice-based conjoint analysis). Market 
prices are direct and actual expressions of preferences that 
avoid the uncertainty related to indirect measurements and 
non-market valuation (like revealed and stated preference 
methods), because the goods are traded on markets. The 
market price method is also easy to understand, and statis-
tics are available and easy to check, because they rely on 
market values that are collected for all kinds of economic 
purposes. However, market prices do not contain all aspects 
of total economic value: e.g. valuing human health by for-
gone income only is debatable from an ethical standpoint 
(as humans that are unable to or simply do not work would 
not have any value; Markandya et al. 2019). Market prices 
can be used to approximate WTP, but usually they will be 
lower as a consumer surplus remains (Bachmann 2019). 
There will be uncertainties in WTP, for example, due to 
fluctuation in market prices (Huppes and van Oers 2011). 
The market price method is limited by the availability of 
appropriate market-price data that can be linked directly 
to the environmental impacts in LCA (Pizzol et al. 2015), 
which means that it is limited only to goods for which pub-
lic markets exist, accounts only for use values of goods and 

3  In some parts of the literature, this method, among many others, is 
classified as conjoint analysis. This paper uses the term DCE to be 
precise with respect to the method used and the fact that this is firmly 
grounded in random utility theory (Louivere et al. 2010).

They are mostly used for releases but also as replacement 
and prevention costs for resources, e.g. for biodiversity and 
natural resources in EPS2020 (Steen and Rydberg 2020). 
Abatement costs methods produce values that are easy to 
understand, such as $/ton reduced CO2 emission. Abate-
ment methods can be used in evaluation of policy targets 
(Pizzol et al. 2015). Abatement cost is a relevant indicator 
for financial risks to organisations. Criticisms of the method 
include a weak relation to environmental impact values; 
what is valued are costs to avoid environmental aspects 
that are normally referred to in policy targets (e.g. emission 
ceilings). It is difficult to allocate control costs or replace-
ment costs to single emissions (e.g. a scrubber may reduce 
several emissions) or impacts (e.g. NOx leads to secondary 
particles, tropospheric ozone formation, acidification and 
eutrophication; SO2 and NOx lead to acidification and sec-
ondary particles). There is also a risk of circular reasoning if 
MACs are used for policymaking (i.e. when MACs are used 
for both the costs and benefits e.g. in a Cost–Benefit Analy-
sis). If the abatement cost method is used for societal targets 
in the welfare economic optimum, MAC should be on the 
same level as the reduction of damage costs, reflecting the 
best available technology with respect to what is reasonable 
considering the damage caused (Bachmann 2019).

Market price methods determine monetary values of 
change in the environment and not the absolute value of the 
environment. Examples of the market price method in LCAs 
and beyond are found in European Commission (1999), 
European Commission (2005), Preiss and Klotz (2007), 
Ahlroth and Finnveden (2011), Tukker et al. (2013), Wood 
et al. (2014), Tomaschek (2015), Trucost (2015), Huijbregts 

Method classifier
1 2 3

Data-driven methods
CRITIC Importance 

coefficients
The method is sufficiently 
general and flexible to 
address this if the temporal 
data are available

The method is sufficiently general and flexible to 
address this if cultural background data are available

Data Envelopment Analysis (DEA) Trade-off 
rates

Entropy Importance 
coefficients

Factor Analysis (FA) Trade-off 
ratesPrincipal Component Analysis (PCA)

Regression Analysis
Distance-to-target methods
Carrying capacity Importance 

coefficients
No No (although the cultural background of the scientists 

estimating carrying capacities could play a role)Planetary boundaries
EDIP97 Yes/No (political target used only). Political targets that 

may be or not influenced by cultural differences
Swiss Eco-Scarcity Yes, as far as the cultural background is part of the 

democratic institutions that determine the critical flows. 
Method has been applied in Belgium, Sweden, Norway, 
the Netherlands, Jordan, and Japan

Table 4  (continued) 
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opportunities for free riding. Respondents must believe 
that their response will be consequential in determining the 
ultimate implementation of the proposed scenario (White-
head and Haab 2013). When applied to the assessment of 
non-marketed goods, some preliminary information needs 
to be given so that respondents can properly judge the val-
ues. For DCE, the maximum number of attributes is in the 
range of 4–5 (Green and Srinivasan 1990). When there are 
more attributes to be evaluated, it is hard for the general 
public to make a consistent decision (Johnston et al. 2017). 
Respondents should be able to judge the value of each attri-
bute that is given in the questionnaire. When applying this 
to the assessment of non-marketed goods, some preliminary 
information needs to be given so that respondents can prop-
erly judge the values. For stated preference methods, like 
for all the survey-based methods, sampling of respondents 
should be done properly to secure the representativeness of 
the target population.

Averting behaviour is also known as avoidance, defen-
sive, mitigating, or protective behaviour. ISO (2019) distin-
guishes three kinds of averting cost methods; in this review, 
only one of these averting cost methods is described, where 
costs accrue due to individual averting behaviour. Meth-
ods relying on costs decided by public bodies are treated 
under “abatement costs”. Further note that according to ISO 
(2019), all averting behaviour-related costs may be used for 
monetary valuation only after spending or a commitment to 
spending has been made.

According to Steen (2016), the following methods have 
used prevention methods: the Eco-cost method (Vogtländer 
et al. 2001) and the projects ExternE (European Commission 
1999, European Commission 2005), NEEDS and CASES 
(Desaigues et al. 2006; Preiss and Klotz 2008; Bachmann 
and van der Kamp 2014). Although the ExternE/NEEDS/
CASES projects have used these kinds of costs, they did 
not directly apply the monetary values thus derived in LCA. 
Given that the Eco-cost method relies on “costs [that] are 
related to measures which have to be taken to make (and 
recycle) a product”, in turn, it is an example of abatement 
costs (not decided by individuals; see also its classification 
in Arendt et al. (2020)) rather than for averting costs delib-
erately borne by individuals. So for now, it appears that this 
method has not yet been applied in LCA.

A strength of the averting behaviour method is that it is 
based on observed behaviours of individuals. However, there 
is only a limited range of environmental impacts that can 
be valued in this way. Beyond noise annoyance (addressed 
through noise-reducing windows), Dickie (2017) provides 
examples, such as:

	– human health—morbidity: avoiding water contamina-
tion by purchasing bottled water, boiling or purifying 

does not cover all environmental goods. The derivation of 
the production function and the substitutability of environ-
mental quality with capital are challenging and need to be 
assumed, empirically asked for, or measured. Market prices 
may need to be adjusted for any market distortions (e.g. 
taxes, subsidies, externalities).

Both the contingent valuation method (CVM) and DCE 
are stated preference methods (Johnston et al. 2017). For 
CVM, a group of respondents are asked hypothetical ques-
tions directly about their values for the environmental good. 
Contingent valuation includes a description of the resource 
or policy context, a description of the policy or proposed 
change in resource allocation that will be valued, a payment 
vehicle, and a payment rule. The CVM has been used for 
major policy analyses associated with the US Clean Water 
Act, the US Clean Air Act, and the Natural Resource Dam-
age Assessment associated with the Exxon Valdez oil spill 
(Freeman III et al. 2014, OECD 2018; Whitehead and Haab 
2013; U.S. Environmental Protection Agency 2014). There 
has been no known use of CVM in LCA so far. Some human 
health valuations in monetised LCA results are based on 
stated preference studies in which people are asked how 
much they are willing to pay to prolong their life, e.g., the 
study used in the NEEDS project (Desaigues et al. 2006). 
The following methods rely on this monetisation (Trucost 
2015; de Bruyn et al. 2018; De Nocker and Debacker 2018).

CVM and DCE are firmly grounded in welfare economic 
theory. These stated preference methods can be used for ex-
ante studies of a wide range of goods, and to capture other 
values than use values (i.e. non-use values, which can be 
existence value, bequest value and altruistic value, which 
together with use values make the total economic value). 
Thus, all goods and services can be valued. Additionally, 
these methods (CVM and DCE) are the only methods that 
can estimate both use and non-use values jointly or sepa-
rately (Bachmann 2019; ISO 2019).

An example of DCE application for weighting is the 
LIME method (Itsubo et al. 2004, 2012). In contrast to 
contingent valuation, DCE allows the valuation of multiple 
attributes of one good or service separately. This method 
models the decision-making process using indirect prefer-
ence elicitation, e.g., people will decide which car to buy 
depending on a mix of attributes like price, size, design 
etc. Decision-making processes, in reality, require implicit 
weights on multiple attributes, which people usually per-
form either consciously or unconsciously (OECD 2018).

For both of the stated preference methods, many biases 
need to be considered and dealt with in the study design 
(Johnston et al. 2017; OECD 2018). This includes that a 
hypothetical, credible market has to be created in which 
the survey participants feel comfortable to take part. The 
scenario evaluated must be believable and create limited 
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environmental impacts that can be valued in this way. The 
impacts that can be valued using hedonic pricing are mostly 
related to environmental amenities that come with different 
(localised) housing options or risk premia as part of wages. 
Co-benefits need to be considered (e.g., a house in one place 
is not only located in a less polluted area but also closer 
to shopping centres, recreational sites or the workplace). 
Characteristics vary over space even within the same city. 
In order to use hedonic pricing, one needs to know environ-
mental characteristics in quantitative terms, as well as the 
property characteristics.

3.1.3  Data-driven methods

This review covers six data-driven methods: CRITIC, data 
envelopment analysis (DEA), entropy, principal component 
analysis (PCA), factor analysis (FA), and regression analy-
sis. Data-driven methods do not need to elicit weights from 
respondents. The weights are based solely on the systems 
being compared. This reduces the bias, uncertainty and lack 
of information that might be associated with subjective 
judgements. However, these methods reduce the active role 
of the decision-makers in defining the priorities assigned to 
the criteria. A common limitation is that the weights depend 
on the set of alternatives included in the analysis (i.e., 
removing one of the alternatives changes the weight val-
ues). Such methods also depend on the availability and size 
of the underlying dataset (e.g. at least ten observations). The 
number of observations should be more than the number of 
independent variables in general.

CRITIC stands for “Criteria Importance Through Inter-
criteria Correlation” (Diakoulaki et al. 1995). The method 
considers the standard deviation of each normalised criterion 
(contrast intensity) and the linear correlation between them 
(conflict). Some examples of LCA-related use of CRITIC 
can be found in Jahan et al. (2012), Chang and Zhu (2020), 
Piasecki and Kostyrko (2020), Slebi-Acevedo et al. (2020), 
Wohner et al. (2020), Slebi-Acevedo et al. (2022), Cap et 
al. (2023), and Lyche Solheim et al. (2023). Apart from the 
general strengths (and weaknesses) of data-driven methods, 
CRITIC is also easy to apply by using simple statistics.

When used in the context of composite indicator con-
struction, DEA is called the “Benefit-of-the-Doubt” 
approach. Applications of DEA can be found in Vázquez-
Rowe and Iribarren (2015), Martín-Gamboa et al. (2017), 
Nascimento et al. (2020), and Vásquez-Ibarra et al. (2020). 
The method does not return a single vector of weights: each 
system is evaluated using the vector of weights that maxi-
mizes its standing relatively to its peers (i.e., the other alter-
natives being compared). The method can only be used if 
the number of systems being compared is relatively large, 

water, reducing air pollution by use of home air clean-
ers, purifiers, or conditioners, reducing risks of skin can-
cer by using sunscreen lotion.

	– human health—mortality: reduced risk of death by pur-
chasing bicycle helmets.

	– building materials: reducing soiling damage from air 
pollution through household cleaning.

	– gardening/agriculture: reducing pest infestation.

Co-benefits need to be considered (e.g. noise-reducing 
windows will also help make savings in terms of heating/
cooling). Further behavioural changes beyond the purchase 
made need to be considered (e.g., spending less time in the 
noisy outdoor area). Environmental impacts addressed must 
be clearly defined (i.e., per unit of environmental aspect). 
Studies made on general conditions like “air pollution” have 
low value for LCA use.

Travel cost methods are mostly used for cost–benefit 
analyses. They could be used for land use in LCA, but no 
such applications could be identified. The benefit of this 
type of method is that it is based on observed behaviours by 
individuals. This method is well-established and suitable for 
specific local conditions (e.g. a specific scenic site or natu-
ral park). However, there is a limited range of environmen-
tal impacts that can be valued in this way, i.e. for specific 
recreational sites. Co-benefits need to be considered (e.g. 
travelling to several sites or multi-purpose trips). Other lim-
itations or criticisms of this method include how the value 
of time is measured, accounting for intertemporal substitu-
tion and forming a relevant choice set for estimation. Envi-
ronmental quality must be described in a quantitative way, 
so implementation of the travel cost method requires there 
to be sufficient data available to do this.

The hedonic method relies on market transactions for 
so-called differentiated goods to determine the implied 
value or implicit price of characteristics. Heterogeneous 
or differentiated goods are products whose characteristics 
vary in such a way that there are distinct product varieties 
even though the product is sold in one market (e.g., cars, 
computers, houses). The variation in product variety gives 
rise to variations in product prices within each market. The 
hedonic pricing method uses statistical methods to isolate 
the implicit “price” of each of the good’s characteristics. 
The most common application of hedonic theory in environ-
mental valuation involves housing markets. The choice of 
housing location and, therefore, neighbourhood amenities 
(such as scenic views, less air or noise pollution) is observ-
able. The method can also be applied to labour markets, in 
particular with respect to risks of death.

Hedonic pricing is presently not known to be used in 
LCA contexts. It is based on observed behaviours of indi-
viduals, which is a strength, but there is a limited range of 
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use can be found in Porter and Stern (2001), Paruolo et al. 
(2013), Becker et al. (2017). Porter and Stern (2001) and 
Becker et al. (2017) are referenced in the EU JRC composi-
tion indicator website (European Commission 2023). Key 
strengths of this method are that one can develop weights 
for all the indicators simultaneously with associated vari-
abilities, identify the influential indicators, and character-
ise the overall uncertainty of the output measure with the 
indicator variables considered. Regression analysis can be 
applied to linear and nonlinear correlations. It is not inva-
sive, i.e., no changes are made to the composite indicator or 
to the correlation structure of the indicators. There are some 
potential issues associated with this method, like multi-col-
linearity among the independent variables. The high dimen-
sionality of the dataset can potentially be addressed through 
dimension reduction methods like PCA or through model 
selection processes based on parsimony. The calculation of 
the weights may be difficult to communicate to those not 
versed in statistical methodologies.

3.1.4  Distance-to-target methods

The distance-to-target methods rely on the definition of tar-
geted impact or emission/resource levels, which can be used 
as benchmark to evaluate the partial significance and magni-
tude of the assessed impacts. These methods do not involve 
any expert/stakeholder engagement and are, therefore, gen-
erally not resource-intensive, except for the major research 
efforts that some approaches (like the carrying capacity 
method) require. However, they depend on the existence 
and quality of (political) targets. With respect to the carrying 
capacity method, which has been applied both as weighting 
and normalisation approach, it is scientifically based, and 
it is therefore considered less subjective (although there is 
inevitably an element of subjectivity in estimating carrying 
capacities (Vea et al. 2020)) and, potentially, more stable 
over time than many other approaches. Carrying capacity 
is not straightforwardly applicable to the human health AoP 
(although this is attempted in Vargas-Gonzales et al. 2019). 
There are uncertainties in carrying capacity estimations, and 
choices are needed in the transformation of carrying capac-
ity indicator metrics to LCIA-based indicator metrics (e.g., 
related to the time frame for climate change). According to 
some interpretations, carrying capacities can vary over time, 
for example, if a mitigation pathway aligned with a global 
target (e.g., an emission scenario consistent with a certain 
global warming ceiling) is used in the transformation of 
carrying capacity indicator metrics to LCIA-based indica-
tor metrics. This could be relevant if the LCI contains time 
information (emissions in later years should be weighted 
higher than emissions in early years), but this is likely to be 
difficult to consider in practice.

i.e., at least twice the number of indicators considered, more 
if possible.

The entropy method relies on the information theory 
to measure the amount of useful information that can be 
obtained (Hwang and Yoon 1981; Zeleny 1982). A greater 
difference between evaluated alternatives on a particular 
impact category indicator implies a smaller entropy, mean-
ing that the indicator provides more effective information 
and, therefore, the corresponding weight value should be 
larger. Examples of the use of the entropy method in LCA 
are Santos et al. (2019), Yue et al. (2019), Nizamuddin et 
al. (2021), and Cap et al. (2023). Like CRITIC, the entropy 
method is easy to apply by using simple statistics.

The principal components analysis (PCA) method is 
commonly used to develop composite indicators. Examples 
of the use of PCA can be found in Gan et al. (2017), Greyling 
and Tregenna (2017), Suarez-Tapia et al. (2017), Tapia et al. 
(2017). PCA can also assist in selecting subsets of variables 
for other weighting methods. A key advantage of PCA is its 
ability to reduce the potential of double counting when indi-
cators are highly correlated. However, this feature may be 
disadvantageous in cases where correlated indicators (e.g., 
global warming and photochemical oxidation) should not be 
assigned lower weights solely due to their correlation.

Factor analysis (FA), a similar multivariate analysis 
method, is also used to reduce data dimensionality by iden-
tifying latent variables that explain the original data. It is 
often used when there is interest in studying relations among 
the variables, While PCA is mainly used for data reduction, 
FA focuses on studying relationships between variables. FA 
allocates weights to impact category indicators based on the 
proportion of variance explained by the associated latent 
factors. Indicators with greater variation across the dataset 
receive higher factor loadings, while those with less varia-
tion are assigned lower loadings. This method is also com-
monly used to develop composite indicators. Examples of 
the use of FA are found in Nicoletti et al. (2000), Tapia et al. 
(2017), and ul Haq and Boz (2020).

Both PCA and FA share advantages, such as reducing 
double counting in the presence of highly correlated indica-
tors, though (as previously described) this may not always 
be beneficial. FA has the added advantage of producing 
more interpretable factors compared to PCA components. 
They also share disadvantages, such as the sensitivity to 
outliers and the need for a sufficiently large dataset with 
indicators exhibiting adequate variability and linear rela-
tionships. It is important to follow established guidelines on 
the alternatives-to-indicators ratio (​h​t​t​p​​s​:​/​​/​w​w​w​​.​o​​e​c​d​​.​o​r​g​​/​e​
n​​/​p​u​​b​l​i​​c​a​t​​i​o​n​s​​/​h​​a​n​d​​b​o​o​k​​-​o​n​​-​c​o​​n​s​t​​r​u​c​​t​i​n​g​​-​c​​o​m​p​​o​s​i​t​​e​-​i​​n​d​i​​c​a​
t​o​r​s​_​5​3​3​4​1​1​8​1​5​0​1​6​.​h​t​m​l).

There are limited examples of the use of regression 
analysis methods in LCA; examples of regression analysis 
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relatively inexpensive to use, as it does not involve any 
expert/stakeholder engagement. The targets are legitimised 
as stemming from the policy process. It is transparent and 
easy to explain and communicate. Limitations of the method 
are linked to completeness in terms of elementary flows 
covered; global supply chains require global target setting, 
i.e., at UNEP level, while the focus so far has been the Swiss 
(or EU) scale. Policy targets derive from lengthy processes, 
and accommodate science-based input with stakeholder 
acceptance, so they can lag behind scientific knowledge. In 
order to implement the Ecoscarcity method, targets need to 
be set in a policy process by an authoritative institution to be 
accepted by the global LCA community.

For distance-to-target methods, it should be noted that 
some policy targets and interpretations of carrying capac-
ity/planetary boundaries involve target values that become 
gradually more ambitious over time (e.g., milestones 
towards a net-zero target for greenhouse gases, GHGs). This 
time dependency is not straightforward to reflect in weights 
but may be relevant when LCIs contain time information 
(elementary flows in later years should then be weighted 
higher than elementary flows in early years). As this group 
of methods is based on policy targets, there may be a 
requirement to understand local languages for access to the 
information in policy documents. It is also important to note 
that distance-to-targets methods should require the use of 
other weighting methods to capture the relative significance 
across the impact categories. While DtT methods enable 
the expression of the individual significance of each impact 
indicator, they do not account for the relative importance 
of the impact categories between each other. This explains 
why some of these methods (e.g. carrying capacities, as in 
Bjørn and Hauschild 2015) have also been advanced as nor-
malisation methods.

3.2  Classification results

The results from classifying the methods are shown in 
Table  4. The meaning of the weights’ classifier is sum-
marised as trade-off rates for the MCDA methods precise 
and imprecise trade-offs and precise and imprecise SWING. 
Importance coefficients are provided by the MCDA meth-
ods precise and imprecise points allocation, precise and 
imprecise direct rating, ranking, AHP and Simos/revised 
Simos/SRF. The other methods assessed that provide impor-
tance coefficients are the data-driven methods CRITIC and 
entropy, and all of the distance-to-target methods (four, 
carrying capacity, PB, EDIP97 and Swiss Eco-scarcity). 
Disaggregation methods and SMAA methods provide fac-
tors that work as both trade-off rates and importance coef-
ficients. The remaining methods provide trade-off rates; all 
of the eight monetary methods assessed (budget constraint, 

Rockström et al. (2023) and Richardson et al. (2023) 
contain the latest planetary boundaries (PB) estimates. An 
example of the use of PB methods in LCA is farming sys-
tems (Tuomisto et al. 2012). PB methods are not applicable 
to the human health AoP and parts of the other AoPs related 
to non-renewable resource scarcity. There are uncertainties 
in PB estimations, and there are choices that must be made 
in the transformation of PB indicator metrics to LCIA-based 
indicator metrics (e.g., related to the time frame for climate 
change). According to some interpretations, PBs can vary 
over time, for example, if a mitigation pathway aligned with 
a global target (e.g., an emission scenario consistent with a 
certain global warming ceiling) is used in the transformation 
of PB indicator metrics to LCIA-based indicator metrics. 
This could be relevant if the LCI contains time information 
(emissions in later years should be weighted higher than 
emissions in early years), but this is likely to be difficult to 
take into account in practice.

EDIP methodology is focused on the use of LCA for 
product development. It is a generic and full-fledged meth-
odology. There are two versions of the EDIP method: 
EDIP97 and EDIP2003. The later version is a follow-up, 
not an update; it is a spatially differentiated alternative for 
some impact categories. Only EDIP97 includes weighting 
of environmental impacts. Weighting is performed only 
at the midpoint level (EDIP methodology only has impact 
indicators at this level). Methodological background and 
examples of the use of the EDIP methodology can be found 
in Wenzel et al. (1997), Hauschild and Wenzel (1998), 
and Alting et al. (1999). In the original methodology, the 
weighting factors are derived from political targets (in a tar-
geted year) defining substance reductions or impact reduc-
tions for each impact category (other types of targets, e.g. 
non-political, may be envisaged too). Strengths are the 
political relevance of the results to serve interpretation, i.e., 
positioning within a political context, and the relative ease 
to develop and apply the weighting factors, e.g. no need for 
stakeholder opinions. The weighting factors are representa-
tive of, and hence dependent on, a specific time horizon, 
using specific reference and target years. Another limitation 
is the possible lack of scientific soundness in the definition 
of reduction targets, which have been primarily politically 
defined and, as such, depend greatly on a country’s politics 
and environmental ambitions. The EDIP method has been 
applied to national and regional (EU) levels, and may have 
proven difficult to expand globally owing to the lack of 
global political framework and consensus. Implementation 
is not difficult, as the method is generic and can be applied 
to any object of study.

Use of the Eco-scarcity method (Frischknecht and Büsser 
Knöpfel 2013, Ahbe et al. 2017) is mandatory for all LCAs 
carried out by or for Swiss government agencies. It is 
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method are influenced by cultural differences. Swiss Eco-
scarcity has the ability to account for cultural backgrounds 
as far as the cultural background is part of the democratic 
institutions that determine the critical flows.

3.3  Criteria results

Table 5 shows an overview of the results of the review 
using the criteria and colour coding in Table 2 (described 
in Sect.  2.1). It should be noted that even though some 
methods have been assessed as not sufficient for the given 
criterion for the scope of the GLAM project (colour-coded 
with the red dots) in Table 5, it does not mean that they are 
unsuitable for other studies.

For some criteria (i.e. Criterion 7 (communicability) and 
9 (association with AoP units)), some cells have two colour 
codes or are half one colour and half white. This is because 
communicability for the disaggregation methods and SMAA 
depends on the type of weights being elicited. Both methods 
score no sufficiency (red dots) for trade-off rates and partial 
sufficiency (yellow) for importance coefficients. Similarly 
for association with AoP units, if the weights derived are 
trade-off rates, both methods score full sufficiency (green, 
i.e., weights are directly related to the AoP metrics, if the 
underlying value functions are linear or assumed to be lin-
ear); if the weights derived are importance coefficients both 
disaggregation methods and SMAA score partial sufficiency 
(yellow), as the weights are not directly related but can be 
adapted to relate to the AoP metrics.

Criterion 1 (Independence of the sets of systems being 
evaluated) shows that all of the MCDA, monetary and dis-
tance-to-target methods are independent of the set of alterna-
tives. The data-driven methods are, however, all dependent 
on the set of alternatives being evaluated.

For reproducibility (Criterion 2), the assessment in 
Table 5 shows that most of the MCDA methods are such 
that reproducibility is difficult to achieve. The exception 
is SMAA, for which similar results can be achieved when 
the dataset is the same. Five of the monetary methods (bud-
get constraint, abatement cost, market price, travel cost 
and hedonic pricing) have a good reproducibility assess-
ment. However, they will change over time, as the avail-
able budget, market prices, travel expenditure and the 
influence of environmental aspects are changing as well. 
Averting behaviour is assessed as “replicates provide quite 
similar results”. Contingent valuation and DCE are mon-
etary methods where reproducibility is difficult to achieve. 
The reproducibility assessment for all of the data-driven 
methods and three of the distance-to-target methods (PB, 
EDIP97 and Swiss Eco-scarcity) is sufficient. Carrying 
capacity is assessed to “provide quite similar results” by 
the review team.

abatement cost, market price, contingent valuation, DCE, 
averting behaviour, travel cost, hedonic pricing) and three 
of the data-driven methods (DEA, FA, PCA and regression 
analysis).

The assessment of the classifier temporal discounting 
found that, with the exception of SMAA, it is possible 
to include temporal discounting in the assessment of the 
impacts in the MCDA methods if the respondents are asked 
to provide their input with respect to their current as well as 
future preferences (e.g., if participants are asked how they 
value something now and which value they expect to attach 
to it in the future). However, it requires a greater effort from 
the participants, and feasibility depends on the case, e.g., 
the number of attributes for which they have to assess the 
importance. For SMAA, eliciting partial information (e.g., 
a ranking of the weights) is optional. In cases where pref-
erences are elicited, it is possible to include temporal dis-
counting in the assessment of the impacts, as for the other 
MCDA methods. Temporal discounting is possible for all 
of the monetary methods. The data-driven methods are suf-
ficiently general and flexible and thus can address temporal 
discounting if temporal data are available.

For SMAA, eliciting partial information is optional, but 
all of the MCDA methods can account for different cultural 
backgrounds if the respondents have such backgrounds. 
Feasibility depends on the case, e.g. the number of attributes 
for which they have to assess the importance, as a lower 
workload for participants makes it more likely that invitees 
will respond.

All monetary methods can account for some cultural dif-
ferentiation; however, this might have limited applicability, 
as it might be in conflict with the cultural values of indig-
enous peoples (Manero et al. 2022). It needs to be noted, 
however, that cultural differentiation can mean following 
cultural theory (e.g. the individualist, hierarchist and egali-
tarian perspective distinguished by Ecoindicator99 (Goed-
koop and Spriensma 2001) to which the budget constraints 
monetary method relies) or obtaining different weights for 
different parts of the world or sub-groups within a given 
area (all other monetary methods). For abatement cost, dif-
ferent cultures would need to independently set clean-up 
targets or emission ceilings. Such differences would largely 
be limited to different countries, covered by Criterion 10. 
For survey-based methods (contingent valuation and DCE), 
accounting for different cultural backgrounds requires con-
ducting surveys in different parts of the world.

Cultural differentiation for data-driven methods is pos-
sible if cultural background data are available. Cultural 
differentiation is not an inherent attribute of the carrying 
capacity method, although the cultural background of the 
scientists estimating carrying capacities could play a role. 
EDIP97 can differentiate if the political targets used in the 
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which has been published in peer-reviewed conference 
proceedings.

All of the methods have full transparency for their algo-
rithms and value choices (Criterion 4), except for disaggre-
gation and SMAA (MCDA), budget constraint and averting 

Criterion 3 is about scientific validity. All of the 
MCDA methods are published in a peer-reviewed journal 
or book. All of the monetary and data-driven methods are 
published in peer-reviewed journals or books, as are dis-
tance-to-target methods, with the exception of EDIP97, 
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*Key to criteria numbers: 1. Independence of the set of systems being evaluated; 2. Reproducibility of the weights; 3. Scientific validity; 4. 
Method transparency; 5. Coverage of GLAM areas of protection (AoP); 6. Uncertainty characterisation; 7. Communicability; 8. Accounting 
for differences in utility for the same impact; 9. Association with AoP units; 10. Geographical resolution; 11. Global coverage; 12. Application 
demonstrated in case studies; 13. Required resources to apply the method; 14. Required technical and calculation infrastructure; 15. Represen-
tativeness, 16. Bias.
**N/A: Non-applicable.

Table 5  (continued) 
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to the AoP metrics. For the MCDA group, only trade-offs, 
SWING, disaggregation and SMAA can provide weights 
that are directly related to the AoP metrics. The remaining 
ones are relatable.

Criteria 10–16 relate to the implementability of the 
method. For Criterion 10 (geographical resolution), all of 
the MCDA and data-driven methods have the capacity to 
have national differentiation. There are six monetary meth-
ods that can have national differentiation (abatement cost, 
market price, contingent valuation, DCE, averting behaviour 
and travel cost). The methods that have no geographical dif-
ferentiation are budget constraint (monetary method), car-
rying capacity and PB (both distance-to-target). However, 
some would argue that this geographical differentiation is 
possible with these methods, but it is an implementation 
decision that this differentiation is not usually done. The 
other two distance-to-target methods (EDIP97 and Swiss 
eco-scarcity) are able to have national differentiation.

Global coverage is assessed using Criterion 11. Table 5 
shows that global weights can be obtained for all weight-
ing methods with the exception of the distance-to-target 
methods, where global weights can be calculated from non-
global weights.

The extent to which the method has already been applied 
in case studies is graded for Criterion 12. Most of the meth-
ods reviewed have been widely used in case studies. The 
exceptions to this are precise and imprecise trade-offs, 
disaggregation methods, averting behaviour, travel cost, 
hedonic pricing, regression analysis, carrying capacity and 
PB, which have all been used in just a few case studies.

The methods requiring little time, cost, and human 
resources to implement (Criterion 13) are all of the data-
driven methods, plus SMAA, market price and EDIP97. 
There are not too many of the methods reviewed that 
require extensive time, cost and human resources, but the 
ones that do are precise and imprecise trade-offs, contingent 
valuation, DCE, averting behaviour, travel cost and hedonic 
pricing.

All of the distance-to-target methods require only simple 
infrastructure (Criterion 14), as do six of the MCDA meth-
ods (precise and imprecise trade-offs, precise and imprecise 
SWING, precise and imprecise points allocation, precise 
and imprecise direct rating, ranking and Simos/revised 
Simos/SRF), three of the monetary methods (budget con-
straint, abatement cost and market price), as well as two 
of the data-driven methods (CRITIC and entropy). The 
remaining methods require some simple and some complex 
infrastructure. None of the methods were graded as needing 
solely complex infrastructure.

The MCDA methods and data-driven methods reviewed 
for Criterion 15 (representativeness) are all shown in 
Table 5 as able to work with a representative sampling of 

behaviour (monetary), DEA, FA and PCA (data-driven), 
whose transparency is assessed as partially sufficient.

Coverage of the GLAM AoPs (Criterion 5) was a specific 
need for future work towards a global weighting method 
(Bayazıt et al. 2024). These AoPs can be covered using all 
of the MCDA methods, five of the monetary methods (bud-
get constraint, abatement cost, market price, contingent val-
uation and DCE), all of the data-driven methods, but none 
of the distance-to-target methods.

Uncertainty characterisation (Criterion 6) shows that 
uncertainties are characterised stochastically for all of the 
MCDA methods and all of the monetary methods, except 
budget constraint. Half of the data-driven methods (FA, 
PCA and regression analysis) have a stochastic characterisa-
tion of uncertainties, whereas the other half (CRITIC, DEA 
and entropy) have no characterisation of uncertainties.

Communicability was assessed as Criterion 7. All of the 
distance-to-target methods are such that the meaning and 
calculation of the weights are easy to communicate. This is 
much more variable for the other groups of methods. Only 
four of the MCDA methods (precise and imprecise points 
allocation, precise and imprecise direct rating, ranking and 
Simos/revised Simos/SRF) were rated as easy to commu-
nicate. As far as disaggregation methods and SMAA are 
concerned, this depends on the type of underlying model 
chosen. Five of the monetary methods (abatement cost, 
market price, averting behaviour, travel cost and hedonic 
pricing) and two of the data-driven methods (CRITIC and 
entropy) were ranked as easy to communicate.

Criterion 8 concerns the capacity of the method to 
account for differences in utility for the same impact. All 
of the MCDA methods can assign different weights to the 
same impact experienced by individuals living in differ-
ent socio-economic contexts to reflect their loss of utility. 
This is the same for all of the monetary methods except for 
budget constraint. By looking at the global average annual 
income (Weidema 2009), the budget constraint method can-
not (does not intend to) assign different weights to the same 
impact experienced by individuals living in different socio-
economic contexts to reflect their loss of utility. Of the data-
driven methods, regression analysis received a partially 
sufficient grading, whereas the other data-driven methods 
can account for differences in utility for the same impact. 
Regarding the distance-to-target methods, only EDIP97 
scores full sufficiency on this criterion.

Correspondence with the AoP metrics is assessed for Cri-
terion 9. None of the distance-to-target methods or the mar-
ket price method (a monetary method) are directly related or 
relatable to the AoP metrics. All of the data-driven methods 
are directly relatable to the AoP metrics. Of the remaining 
monetary methods, only three (budget constraint, contingent 
valuation and DCE) are assessed as being directly relatable 
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would be a sensible start. If robustness is valued, then meth-
ods with a green colour code for Criterion 2 are what the 
user should look for. If global weights are of interest, as they 
are for GLAM, then the results for Criterion 11 are impor-
tant for the user’s decision.

4  Method selection tool

The Weighting Methods Selection Software (WEMSS, 
Cinelli et al. 2023) was developed within the GLAM weight-
ing subtask. The developed criteria and reviews described 
above, and summarised in Table 5, are the basis for the tool, 
which guides the user through steps to identify methods that 
are suitable for a given study. Table 5 is, in essence, the 
database that has been used to develop the WEMSS, trans-
formed into binary input to be machine-readable.This tool is 
available (without cost) on the website ​h​t​t​p​​s​:​/​​/​m​c​d​​a​.​​c​s​.​​p​u​t​.​​p​
o​z​​n​a​n​​.​p​l​​/​w​e​​m​s​s​/​​i​n​​d​e​x​.​p​h​p.

The tool was created to enable LCA analysts faced with 
the question: “Which is the most appropriate weighting 

the affected population. This was the case for half of the 
monetary methods (contingent valuation, DCE and hedonic 
pricing). The other monetary methods use indirect sampling 
of the affected population, or have another approach of 
deriving weights such as abatement costs or market prices 
that do not involve surveys or sampling. For the distance-to-
target methods, both carrying capacity and PB were graded 
as not using representative sampling of the affected popula-
tion. EDIP97 can work with a representative sample of the 
affected population and Swiss eco-scarcity can be described 
by “indirect sampling of the affected population”.

Criterion 16 addresses bias. The majority of the methods 
were assessed as having known biases that can be corrected 
or accepted. The remaining seven methods (CRITIC, DEA, 
entropy, regression analysis, carrying capacity, PB and 
Swiss eco-scarcity) have no known biases.

When considering which methods are appropriate for 
a study, it is possible to use the methods review summary 
results shown in Table 5. If the user wants a rapid assess-
ment, then choosing a method with the green colour coding 
for Criterion 13 (required resources to apply the method) 

Fig. 2  The decision-making problem and creation of the WEMSS tool, adapted from Cinelli et al. (2023)
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6.	 The weighting methods should provide weights that are 
applicable on a global scale. This constraint is related 
to the need of having weights that are usable to account 
for the impacts on a global scale, without geographical 
differentiation.

Screenshots of the WEMSS results for the UNEP GLAM 
project are shown in the supplementary information sec-
tion of this paper. This exercise led to a list of ten suit-
able methods. The ten suitable methods identified for use 
in developing the UNEP GLAM weighting method were: 
budget constraint, conjoint analysis, contingent valuation, 
disaggregation methods, imprecise swing, imprecise trade-
offs, precise swing, precise trade-offs and SMAA (both with 
and without stakeholder preferences). Two of these methods 
(conjoint analysis in the form of a discrete choice experi-
ment and an MCDA disaggregation method) were then used 
to develop weighting factors presented in Bayazıt Subaşı et 
al. (2024).

5  Concluding remarks

For many of the methods described, it is necessary to 
develop surveys in order to elicit relevant respondents’ 
views. For all the methods that rely on such surveys, time, 
effort and crucial involvement of social scientists and cul-
tural anthropologists are important in order to inform how 
these surveys are designed and how to interact with the sur-
veyed population. This aspect is relevant for Criterion 13. 
The methods that are survey-based are considered to have 
a higher chance of being representative of the opinions of 
the relevant population, and thus to be truly representative, 
the methods used will be resource-intensive (i.e., requiring 
significant time, funding and technical resources).

It should be noted for monetary methods that scientists 
from different disciplines express their ethical concerns 
regarding the monetisation of environmental goods, as it 
suggests exchangeability of natural and financial capital 
(Spash 2009; Wolff and Gsell 2018). While acknowledging 
ethical concerns in general, environmental economists argue 
that mainly the unit-of-account function of money is used 
here and not its trading function (Calow 2015; OECD 2019).

Inclusion of temporal discounting in the assessment of 
the impacts in the MCDA methods (where respondents are 
asked to provide their input with respect to their current 
as well as future preferences) becomes increasingly less 
credible when projecting further into the future, as people 
today cannot fully understand or anticipate the conditions 
and challenges future generations will face, which are influ-
enced by numerous unpredictable factors.

method for my LCA case study?” The characteristics of the 
decision-making problem are addressed in the tool in order 
to select the most appropriate weighting method, or subset 
of methods, for their specific study. This decision-making 
problem and the approach to solving it are illustrated in 
Fig. 2 (Cinelli et al. 2023).

The WEMSS tool provides four main contributions to the 
GLAM work. Firstly, it allows analysts to learn the sequen-
tial and dynamic framework shaped to address complex 
decision-making problems related to weighting in LCA. 
This is based upon a decision support approach called deci-
sion rules, where the modelling framework uses causal con-
nectors in the form of “If the conjunction of requirements 
on [selected] features is matched, then the recommended 
method(s) is(are) [list the method(s)]”. Secondly, it com-
prises the widest (N = 35) available database of weight-
ing methods assessed according to the set of 16 criteria 
described in this paper. Thirdly, it also suggests weight-
ing methods for those case studies for which the analysts’ 
requirements (i.e., desired features) are not fully satisfied. 
Finally, even when the description of the decision-making 
problem is not complete, WEMSS offers a strategy to nar-
row down the list of suitable weighting methods, using the 
most selective questions.

The application of WEMSS was demonstrated using the 
UNEP GLAM project as a main case study. This consisted 
of the identification of the weighting methods suitable for 
calculating a set of global weights, which LCA practitioners 
can use by default when they do not wish to compute or use 
other weights. The agreed constraints (and answers in the 
WEMSS) for the selection of the weighting methods for the 
UNEP GLAM project included:

1.	 Weights should not be dependent on the set of alterna-
tives being assessed. They should be applicable to any 
type of system under evaluation;

2.	 The methods generating the weights should have been 
peer-reviewed and hence recognized by the scientific 
community;

3.	 The methods should be transparent enough to be 
approachable and understandable by practitioners. This 
implies that they should not be perceived as ‘black 
boxes’ by the users of the methods;

4.	 The methods should be capable of characterizing the 
variability of the weights according to different prefer-
ences. This means that weights in the form of at least 
ranges should be prioritized;

5.	 The weights should be directly connected to the metrics 
used for the different AoPs. This requirement is con-
nected to the foreseen use of these weights, which is an 
additive aggregation model;
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Finally, the longevity of weighting methods is a concern 
that could not be addressed in this review. Many weights are 
over 10 years old, despite societal, economic, and ecologi-
cal changes, raising questions about their continued validity.

The review presented in this paper laid the foundations 
for the creation of the WEMSS, which is an easy-to-use 
software for recommending weighting methods for LCA 
studies. The WEMSS was developed as part of the UNEP 
GLAM project, and it was used to identify suitable methods 
that could be used in this project. Search constraints for the 
GLAM project included the independence of the weights 
from the set of alternatives being considered, the scientific 
recognition and understandability of the methods, the capa-
bility of characterising weights variability, the relation to 
the AoPs metrics, as well as the applicability on a global 
scale. These requirements led to the identification of 10 
candidate methods for the UNEP GLAM project, namely 
budget constraint, conjoint analysis, contingent valuation, 
disaggregation methods, imprecise swing, imprecise trade-
offs, precise swing, precise trade-offs and SMAA (both with 
and without stakeholder preferences). Thus, several meth-
ods can be used for developing weighting factors suitable 
for use by GLAM.

6  Outlook

This review provides an evaluation summary of twenty-
seven weighting methods as part of the Life Cycle Initiative 
on developing a global LCIA method (Phase 3). The devel-
oped criteria and reviews can be used to develop guidelines 
for choosing weighting methods for different LCA applica-
tions. Even though some methods have been assessed as not 
sufficient for the given criterion for the scope of the GLAM 
project, it does not mean that they are poor weighting meth-
ods, only that they are less suitable for the GLAM project.

This paper provides the reader with a good overview of 
the available methods for weighting. It is a useful starting 
point for practitioners who want to get a global overview of 
the available methods and to understand whether they are 
suitable for their specific LCA study. Use of more than one 
weighting method is good practice in sensitivity analysis, so 
this paper can be helpful to find other methods that are dif-
ferent, but also valid for the given study. This research also 
opens up avenues for developing tools that can streamline 
the selection of weighting methods for LCA.
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the methods is only applicable for the definition of the AoPs 
in the GLAM project, which doesn’t mean the sufficiency of 
those methods in the context of application to other LCIA 
methods. Moreover, this is also valid in the cases of other 
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The criterion of representativeness was applied to all 
methods, though it is less relevant for non-survey-based 
approaches. The epistemic paradigms that underlie the 
respective methods should be further investigated in future 
work. For example, threshold values for pollutants from 
distance-to-target methods rely on political systems and 
thus representation, while planetary boundaries stem from 
natural sciences and ecology, and survey-based weights rely 
on public opinion. This reflects differing paradigms, not dif-
fering quality. Moreover, representation of affected popula-
tions for survey-based weights and those relying on political 
systems is limited, because it cannot incorporate future gen-
erations, who will be most affected by climate change and 
biodiversity loss, making them inherently unrepresentative 
of those that are most affected.

Sustainability frameworks extend beyond LCA and the 
three GLAM AoPs. Other examples are doughnut econom-
ics (Raworth 2017), which integrates planetary boundaries 
and human needs. LCA can help measure technologies’ 
contributions to such frameworks. However, approaches 
that trade off human health against ecosystem health con-
flict with both doughnut economics and the planetary and 
one health frameworks (Correia et al. 2021), which view 
ecological and human health as complementary constraints 
rather than competing goals. This can lead to the view that 
weighting sets that measure the contribution to fulfil human 
needs and remain within planetary boundaries would be 
more easily attainable by weighting at the midpoint level 
combined with a distance-to-target approach than with end-
point modelling and weighting AoPs against each other.

1 3

https://doi.org/10.1007/s11367-025-02564-2
https://doi.org/10.1007/s11367-025-02564-2


The International Journal of Life Cycle Assessment

Ahlroth S, Finnveden G (2011) Ecovalue08–a new valuation set for 
environmental systems analysis tools. J Clean Prod 19(17):1994–
2003. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​l​​e​p​r​​o​.​2​0​​1​1​​.​0​6​.​0​0​5

Alting L, Wenzel H, Hauschild MZ (1999) Environmental Design of 
Industrial Products (EDIP), anchoring of the life cycle concept in 
industry and society. In: 6th International Seminar on Life Cycle 
Engineering. Queen’s  University, pp 370–379. ​h​t​t​p​​s​:​/​​/​o​r​b​​i​t​​.​d​t​​u​.​
d​k​​/​e​n​​/​p​u​​b​l​i​​c​a​t​​i​o​n​s​​/​e​​n​v​i​​r​o​n​m​​e​n​t​​a​l​-​​d​e​s​​i​g​n​​-​o​f​-​​i​n​​d​u​s​​t​r​i​a​​l​-​p​​r​o​d​​u​c​t​s​e​
d​i​p​a​n​c​h​o​r​i​n​g​-​o​f​-​t​h​e​/

Amadei AM, De Laurentiis V, Sala S (2021) A review of monetary val-
uation in life cycle assessment: state of the art and future needs. J 
Clean Prod 329:129668

Arendt R, Bachmann TM, Motoshita M, Bach V, Finkbeiner M (2020) 
Comparison of different monetization methods in LCA: a review. 
Sustainability 12:10493. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​s​u​​1​2​2​4​1​0​4​9​3

Bachmann TM (2019) Optimal pollution: The welfare economic 
approach to correct related market failures. In: Nriagu, J.O. (Ed.). 
Encyclopedia of Environmental Health, 2nd edition, vol. 4. Else-
vier, Burlington, pp. 767–777. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​B​9​​7​8​-​​0​-​1​​
2​-​4​0​​9​5​​4​8​-​9​.​0​9​3​8​2​-​9.

Bachmann TM, van der Kamp J (2014) Environmental cost-benefit 
analysis and the EU (European Union) industrial emissions direc-
tive: exploring the societal efficiency of a DeNOx retrofit at a 
coal-fired power plant. Energ 68:125–139. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​
6​​/​j​.​​e​n​e​r​g​y​.​2​0​1​4​.​0​2​.​0​5​1

Bana e Costa CA, Vansnick J-C (2008) A critical analysis of the eigen-
value method used to derive priorities in AHP. Eur J Oper Res 
187(3):1422–1428. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​j​o​r​.​2​0​0​6​.​0​9​.​0​2​2

Bao PN, Aramaki T, Hanaki K (2013) Assessment of stakeholders’ 
preferences towards sustainable sanitation scenarios. Water Envi-
ron J 27(1):58–70. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​.​​1​7​4​​7​-​6​​5​9​3​.​​2​0​​1​2​.​0​0​3​
2​7​.​x

Baumann H, Tillman AM (2004) The Hitch Hiker’s Guide to LCA. An 
orientation in life cycle assessment methodology and application. 
Studentlitteratur, Sweden

Bayazıt Subaşı A, Askham C, Sandorf ED et al (2024) Weighting fac-
tors for LCA—a new set from a global survey. Int J Life Cycle 
Assess. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​3​6​7​-​0​2​4​-​0​2​3​3​0​-​w

Becker W, Saisana M, Paruolo P, Vandecasteele I (2017) Weights and 
importance in composite indicators: closing the gap. Ecol Indic 
80:12–22. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​c​o​​l​i​n​​d​.​2​0​​1​7​​.​0​3​.​0​5​6

Berta M, Bottero M, Ferretti V (2016) A mixed methods approach for 
the integration of urban design and economic evaluation: indus-
trial heritage and urban regeneration in China. Env Plan b: Urban 
Anal, City Sci 45(2):208–232. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​0​2​​6​5​8​1​3​5​
1​6​6​6​9​1​3​9

Bjørn A, Hauschild MZ (2015) Introducing carrying capacity-based 
normalisation in LCA: framework and development of references 
at midpoint level. Int J LCA 20(7):1005–1018. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​
1​​0​0​7​​/​s​1​​1​3​6​7​-​0​1​5​-​0​8​9​9​-​2

Bjørn A, Chandrakumar C, Boulay AM, Doka G, Fang K, Gondran 
N, Hauschild MZ, Kerkhof A, King H, Margni M, McLaren S, 
Mueller C, Owsianiak M, Peters G, Roos S, Sala S, Sandin G, 
Sim S, Vargas-Gonzalez M, Ryberg M (2020) Review of life-
cycle based methods for absolute environmental sustainability 
assessment and their applications. Environ Res Lett. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​0​8​8​​/​1​7​​4​8​-​9​3​2​6​/​a​b​8​9​d​7

Bottomley PA, Doyle JR (2001) A comparison of three weight elicita-
tion methods: good, better, and best. Omega 29(6):553–560. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​3​0​5​-​0​4​8​3​(​0​1​)​0​0​0​4​4​-​5

Bottomley PA, Doyle JR (2013) Comparing the validity of numerical 
judgements elicited by direct rating and point allocation: insights 
from objectively verifiable perceptual tasks. Eur J Oper Res 
228(1):148–157. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​j​o​r​.​2​0​1​3​.​0​1​.​0​0​5

Life Cycle Initiative, hosted by UNEP (www.lifecycleinitiative.org), 
and financially supported by the funding partners of the Life Cycle 
Initiative.
The authors wish to thank all the weighting subtask members for their 
valuable insights during the criteria development process.

Author contribution  All authors, with the exception of Grzegorz 
Miebs, contributed to the study conception and design, identifying and 
grouping the methods, developing the assessment criteria, and review-
ing the methods following these criteria. Grzegorz Miebs developed 
the WEMSS tool and contributed to Sect. 4 of the manuscript (about 
the tool). The individual reviews were harmonised first by M.C. and 
C.A. and then in meetings with the whole subtask. The reviews were 
finalised by C.A. and M.C. The first draft of the manuscript was writ-
ten by C.A. and M.C., and all authors reviewed and commented on 
and/or revised previous versions. All authors read and approved the 
final manuscript.

Funding  C.A. acknowledges the financial support of The Research 
Council of Norway, Dsolve project, grant number 310008.
L.R. acknowledges the financial support of the Fraunhofer-DTU proj-
ect EDES (eco-design Stewardship), advancing eco-design excellence 
and supporting the aeronautics European Clean Sky Programme.
Grzegorz Miebs acknowledges financial support from the Polish Min-
istry of Science and Higher Education grant no. 0311/SBAD.

Data availability  The data generated in this study is of a qualitative 
nature. This article contains all the references to publications consulted 
for this review. All data available from this review is included in this 
article.

Declarations

Conflict of interest  The authors have no competing interests to declare 
that are relevant to the content of this article.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​
r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

References

Abastante F, Corrente S, Greco S, Ishizaka A, Lami IM (2019) A new 
parsimonious AHP methodology: assigning priorities to many 
objects by comparing pairwise few reference objects. Expert Syst 
Appl 127:109–120. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​s​w​a​.​2​0​1​9​.​0​2​.​0​3​6

Ahbe S, Weihofen S, Wellge S (2017) The ecological scarcity method 
for the European union. In: A Volkswagen Research Initiative: 
Environmental Assessments, Springer Nature.  ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​0​0​7​​/​9​7​​8​-​3​-​6​5​8​-​1​9​5​0​6​-​9

1 3

https://doi.org/10.1016/j.jclepro.2011.06.005
https://orbit.dtu.dk/en/publications/environmental-design-of-industrial-productsedipanchoring-of-the/
https://orbit.dtu.dk/en/publications/environmental-design-of-industrial-productsedipanchoring-of-the/
https://orbit.dtu.dk/en/publications/environmental-design-of-industrial-productsedipanchoring-of-the/
https://doi.org/10.3390/su122410493
https://doi.org/10.1016/B978-0-12-409548-9.09382-9
https://doi.org/10.1016/B978-0-12-409548-9.09382-9
https://doi.org/10.1016/j.energy.2014.02.051
https://doi.org/10.1016/j.energy.2014.02.051
https://doi.org/10.1016/j.ejor.2006.09.022
https://doi.org/10.1111/j.1747-6593.2012.00327.x
https://doi.org/10.1111/j.1747-6593.2012.00327.x
https://doi.org/10.1007/s11367-024-02330-w
https://doi.org/10.1016/j.ecolind.2017.03.056
https://doi.org/10.1177/0265813516669139
https://doi.org/10.1177/0265813516669139
https://doi.org/10.1007/s11367-015-0899-2
https://doi.org/10.1007/s11367-015-0899-2
https://doi.org/10.1088/1748-9326/ab89d7
https://doi.org/10.1088/1748-9326/ab89d7
https://doi.org/10.1016/S0305-0483(01)00044-5
https://doi.org/10.1016/S0305-0483(01)00044-5
https://doi.org/10.1016/j.ejor.2013.01.005
http://www.lifecycleinitiative.org
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.eswa.2019.02.036
https://doi.org/10.1007/978-3-658-19506-9
https://doi.org/10.1007/978-3-658-19506-9


The International Journal of Life Cycle Assessment

Desaigues B, Ami D, Hutchison M, Rabl A, Chilton S, Metcalf H, 
Hunt A, Ortiz R, Navrud S, Kaderjak P, Szántó R, Nielsen JS, 
Jeanrenaud C, Pellegrini S, Braun Kohlová M, Scasny M, Máca 
V, Urban J, Stoeckel ME, Bartczak A, Markiewicz O, Riera P, 
Farreras V (2006) Final report on the monetary valuation of mor-
tality and morbidity risks from air pollution. Delivery no. 6.7 - 
RS1b of the NEEDS project.  ​h​t​t​p​​s​:​/​​/​w​w​w​​.​r​​e​s​e​​a​r​c​h​​g​a​t​​e​.​n​​e​t​/​​p​r​o​​f​i​
l​e​​/​A​​n​n​a​​-​B​a​r​​t​c​z​​a​k​/​​p​u​b​l​i​c​a​t​i​o​n​/​2​6​8​5​0​9​7​1​3

Diakoulaki D, Mavrotas G, Papayannakis L (1995) Determining 
objective weights in multiple criteria problems: the critic method. 
Comput Oper Res 22(7):763–770. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​0​3​​0​5​-​0​
5​4​8​(​9​4​)​0​0​0​5​9​-​H

Diakoulaki D, Zopounidis C, Mavrotas G, Doumpos M (1999) The 
use of a preference disaggregation method in energy analysis and 
policy making. Energ 24(2):157–166. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​
3​6​0​-​5​4​4​2​(​9​8​)​0​0​0​8​1​-​4

Dias LC, Silva S, Alçada-Almeida L (2015) Multi-criteria environ-
mental performance assessment with an additive model. In: 
Ruth M (ed), Handbook of Research Methods and Applications 
in Environmental Studies. Edward Elgar Publishing Limited, pp 
450–472. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​4​​3​3​7​​/​9​7​​8​1​7​8​3​4​7​4​6​4​6​.​0​0​0​2​7

Dias LC, Freire F, Geldermann J (2019) Perspectives on Multi-criteria 
Decision Analysis and Life-Cycle Assessment. Pages 315–329 in 
M. Doumpos, J. R. Figueira, S. Greco, and C. Zopounidis, edi-
tors. New Perspectives in Multiple Criteria Decision Making: 
Innovative Applications and Case Studies. Springer International 
Publishing, Cham. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​9​7​​8​-​3​-​0​3​0​-​1​1​4​8​2​-​4​_​1​
2

Dias LC, Marques P, Garcia R, de Santo F, Tentúgal R, Natal-da-Luz T, 
Sousa Á, Sousa JP, Freire F (2024) Using qualitative information 
elicited from a panel to obtain robust conclusions: a protocol and 
an application to improve integrated pest management systems. 
Ann Oper Res. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​4​7​9​-​0​2​4​-​0​6​1​6​2​-​7

Dias LC, Mousseau V, Figueira J, Clı́maco J (2002) An aggrega-
tion/disaggregation approach to obtain robust conclusions with 
ELECTRE TRI. Eur J Oper Res 138(2):332–348. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​1​​0​1​6​​/​S​0​​3​7​7​-​2​2​1​7​(​0​1​)​0​0​2​5​0​-​8

Dias LC, Passeira C, Malça J, Freire F (2022) Integrating life-cycle 
assessment and multi-criteria decision analysis to compare alter-
native biodiesel chains. Ann Oper Res 312(2):1359–1374. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​4​7​9​-​0​1​6​-​2​3​2​9​-​7

Dickie M (2017) Averting behavior methods. In: Champ PA, Boyle 
KJ, Brown TC (eds) A Primer on Nonmarket Valuation, 2nd edn. 
Kluwer, Dordrecht, pp 293–346

Donegan HA, Dodd FJ, McMaster TBM (1992) A new approach to 
AHP decision-making. J R Stat Soc Series D (The Statistician) 
41(3):295–302. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​3​0​7​​/​2​3​​4​8​5​5​1

Domingues AR, Marques P, Garcia R, Freire F, Dias LC (2015) Apply-
ing multi-criteria decision analysis to the life-cycle assessment of 
vehicles. J Clean Prod 107:749–759. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​l​​
e​p​r​​o​.​2​0​​1​5​​.​0​5​.​0​8​6

Doumpos M, Zopounidis C (2011) Preference disaggregation and sta-
tistical learning for multicriteria decision support: a review. Eur J 
Oper Res 209:203–214. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​j​o​r​.​2​0​1​0​.​0​5​.​0​2​9

Doyle JR, Green RH, Bottomley PA (1997) Judging relative impor-
tance: direct rating and point allocation are not equivalent. Organ 
Behav Hum Decis Process 70:65–72

Edwards W, Barron FH (1994) SMARTS and SMARTER: improved 
simple methods for multiattribute utility measurement. Organ 
Behav Hum Decis Process 60:306–325. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​6​​/​
o​b​​h​d​.​1​9​9​4​.​1​0​8​7

EPA U (2006) Life cycle assessment: principles and practice. National 
Risk Management Research Laboratory, Cincinnati

European Commission (1999) Externalities of Fuel Cycles - ExternE 
Project. Methodology 1998 update, 2nd edn, vol 7. JOULE, 

Calow P (2015) Why money matters in ecological valuation. Integr 
Environ Assess Manag 11(2):331–332. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​i​
e​​a​m​.​1​6​2​1

Cap S, Bots P, Scherer L (2023) Environmental, nutritional and social 
assessment of nuts. Sustain Sci 18(2):933–949. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​0​0​7​​/​s​1​​1​6​2​5​-​0​2​2​-​0​1​1​4​6​-​7

Castellani V, Benini L, Sala S et al (2016) A distance-to-target weight-
ing method for Europe 2020. Int J Life Cycle Assess 21:1159–
1169. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​3​6​7​-​0​1​6​-​1​0​7​9​-​8

Chang Y-J, Zhu D (2020) Urban water security of China’s municipali-
ties: comparison, features and challenges. J Hydrol 587:125023. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​h​y​​d​r​o​​l​.​2​0​​2​0​​.​1​2​5​0​2​3

Charnes A, Cooper W, Lewin AY, Seiford LM (1997) Data envelop-
ment analysis theory, methodology and applications. J Oper Res 
Soc 48(3):332–333. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​5​7​​/​p​a​​l​g​r​​a​v​e​​.​j​o​r​​s​.​​2​6​0​0​3​4​
2

Cherchye L, Moesen W, Rogge N, Puyenbroeck TV (2007) An Intro-
duction to ‘Benefit of the Doubt’ Composite Indicators. Soc Indic 
Res 82(1):111–145. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​2​0​5​-​0​0​6​-​9​0​2​9​-​7

Chhipi-Shrestha G, Kaur M, Hewage K, Sadiq R (2018) Optimizing 
residential density based on water–energy–carbon nexus using 
UTilités additives (UTA) method. Clean Technol Environ Policy 
20(4):855–870. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​0​9​8​-​0​1​8​-​1​5​0​6​-​6

Choo EU, Schoner B, Wedley WC (1999) Interpretation of crite-
ria weights in multicriteria decision making. Comput Ind Eng 
37:527–541

Cinelli M, Miebs G, Askham C, Amadei A, Arendt R, Bachmann 
TM, Bayazit Subasi A, Dias LC, Jolliet O, Koffler C, Laurent 
A, Motoshita M, Qian H, Rupic L, Santos J, Scherer L, Steen B 
(2023) A software for recommending weighting method(s) tai-
lored to LCA studies, poster and conference paper. 11TH Interna-
tional Conference on Industrial Ecology. Leiden University, The 
Hague

Cinelli M, Kadziński M, Gonzalez M, Słowiński R (2020) How to sup-
port the application of multiple criteria decision analysis? Let us 
start with a comprehensive taxonomy. Omega 96:102261. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​o​m​e​g​a​.​2​0​2​0​.​1​0​2​2​6​1

Cinelli M, Coles SR, Kirwan K (2014) Analysis of the potentials of 
multi criteria decision analysis methods to conduct sustainability 
assessment. Ecol Indic 46:138–148. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​c​o​​
l​i​n​​d​.​2​0​​1​4​​.​0​6​.​0​1​1

Correia T, Daniel-Ribeiro CT, Ferrinho P (2021) Calling for a plan-
etary and one health vision for global health. One Health. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​o​n​e​h​l​t​.​2​0​2​1​.​1​0​0​3​4​2

Cooper WW, Seiford LM, Zhu J (2011) Data envelopment analysis: 
history, models, and interpretations. In: Cooper WW, Seiford LM, 
Zhu J (eds) Handbook on Data Envelopment Analysis. Springer 
US, Boston, MA, pp 1–39. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​9​7​​8​-​1​-​4​4​1​9​-​6​
1​5​1​-​8​_​1

Cowan N (2015) George Miller’s magical number of immediate mem-
ory in retrospect: observations on the faltering progression of sci-
ence. Psychol Rev 122:536–541

Danielson M, Ekenberg L (2017) A robustness study of state-of-the-art 
surrogate weights for MCDM. Group Decis Negot 26(4):677–
691. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​7​2​6​-​0​1​6​-​9​4​9​4​-​6

Davidson MD, Boon BH, Swigchem J (2005) Monetary valuation 
of emissions in implementing environmental policy. J Ind Ecol 
9(4):145–154. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​6​2​​/​1​0​​8​8​1​9​8​0​5​7​7​5​2​4​8​0​1​6

de Bruyn S, Bijleveld M, de Graaff L, Schep E, Schroten A, Vergeer 
R, Ahdour S (2018) Environmental Prices Handbook. CE Delft, 
Delft, The Netherlands. ​h​t​t​p​​s​:​/​​/​c​e​d​​e​l​​f​t​.​​e​u​/​p​​u​b​l​​i​c​a​​t​i​o​​n​s​/​​e​n​v​i​​r​o​​n​m​e​​
n​t​a​l​​-​p​r​​i​c​e​​s​h​a​n​d​b​o​o​k​-​e​u​2​8​-​v​e​r​s​i​o​n​/

De Nocker L, Debacker W (2018) Annex: Monetisation of the MMG 
Method (Update 2017), Public Waste Agency of Flanders 
(OVAM). ​h​t​t​p​​s​:​/​​/​p​u​b​​l​i​​c​a​t​​i​e​s​.​​v​l​a​​a​n​d​​e​r​e​​n​.​b​​e​/​v​i​​e​w​​-​f​i​l​e​/​2​6​8​8​8

1 3

https://www.researchgate.net/profile/Anna-Bartczak/publication/268509713
https://www.researchgate.net/profile/Anna-Bartczak/publication/268509713
https://doi.org/10.1016/0305-0548(94)00059-H
https://doi.org/10.1016/0305-0548(94)00059-H
https://doi.org/10.1016/S0360-5442(98)00081-4
https://doi.org/10.1016/S0360-5442(98)00081-4
https://doi.org/10.4337/9781783474646.00027
https://doi.org/10.1007/978-3-030-11482-4_12
https://doi.org/10.1007/978-3-030-11482-4_12
https://doi.org/10.1007/s10479-024-06162-7
https://doi.org/10.1016/S0377-2217(01)00250-8
https://doi.org/10.1016/S0377-2217(01)00250-8
https://doi.org/10.1007/s10479-016-2329-7
https://doi.org/10.1007/s10479-016-2329-7
https://doi.org/10.2307/2348551
https://doi.org/10.1016/j.jclepro.2015.05.086
https://doi.org/10.1016/j.jclepro.2015.05.086
https://doi.org/10.1016/j.ejor.2010.05.029
https://doi.org/10.1006/obhd.1994.1087
https://doi.org/10.1006/obhd.1994.1087
https://doi.org/10.1002/ieam.1621
https://doi.org/10.1002/ieam.1621
https://doi.org/10.1007/s11625-022-01146-7
https://doi.org/10.1007/s11625-022-01146-7
https://doi.org/10.1007/s11367-016-1079-8
https://doi.org/10.1016/j.jhydrol.2020.125023
https://doi.org/10.1016/j.jhydrol.2020.125023
https://doi.org/10.1057/palgrave.jors.2600342
https://doi.org/10.1057/palgrave.jors.2600342
https://doi.org/10.1007/s11205-006-9029-7
https://doi.org/10.1007/s10098-018-1506-6
https://doi.org/10.1016/j.omega.2020.102261
https://doi.org/10.1016/j.omega.2020.102261
https://doi.org/10.1016/j.ecolind.2014.06.011
https://doi.org/10.1016/j.ecolind.2014.06.011
https://doi.org/10.1016/j.onehlt.2021.100342
https://doi.org/10.1016/j.onehlt.2021.100342
https://doi.org/10.1007/978-1-4419-6151-8_1
https://doi.org/10.1007/978-1-4419-6151-8_1
https://doi.org/10.1007/s10726-016-9494-6
https://doi.org/10.1162/108819805775248016
https://cedelft.eu/publications/environmental-priceshandbook-eu28-version/
https://cedelft.eu/publications/environmental-priceshandbook-eu28-version/
https://publicaties.vlaanderen.be/view-file/26888


The International Journal of Life Cycle Assessment

supply chain. Omega 71:129–145. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​o​m​e​
g​a​.​2​0​1​6​.​1​0​.​0​0​4

Greco S, Ishizaka A, Tasiou M, Torrisi G (2019) On the methodological 
framework of composite indices: a review of the issues of weight-
ing, aggregation, and robustness. Soc Indic Res 141(1):61–94. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​2​0​5​-​0​1​7​-​1​8​3​2​-​9

Green PE, Srinivasan V (1990) Conjoint analysis in marketing: new 
developments with implications for research and practice. J Mark 
54(4):3–19. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​0​0​​2​2​2​4​2​9​9​0​0​5​4​0​0​4​0​2

Greyling T, Tregenna F (2017) Construction and analysis of a com-
posite quality of life index for a region of South Africa. Soc Indic 
Res 131(3):887–930. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​2​0​5​-​0​1​6​-​1​2​9​4​-​5

Hanley N, Spash C (1993) Cost benefit analysis and the environment, 
Edward Elgar. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​e​​-​e​l​​g​a​r​.​​c​o​m​​/​s​h​​o​p​/​​g​b​p​​/​c​o​s​​t​-​​b​e​n​​e​f​i​t​​-​a​n​​a​l​y​​
s​i​s​​a​n​d​​-​t​h​e​​-​e​​n​v​i​​r​o​n​m​​e​n​t​​-​9​7​​8​1​8​​5​2​7​​8​4​5​5​​3​.​​h​t​m​​l​?​s​r​​s​l​t​​i​d​=​​A​f​m​​B​O​o​​r​W​
J​P​​0​e​​y​y​S​​M​2​8​B​​y​A​K​​V​j​k​​d​1​Z​c​E​E​Y​e​Z​I​x​C​6​F​T​4​6​v​N​3​8​R​L​a​J​B​4​0​u​0​3

Hauschild M, Wenzel H (1998) Environmental assessment of prod-
ucts. Volume 2 - scientific background. Chapman & Hall, UK

Hendriks CF, Vogtländer JG, Janssen GMT (2006) The eco-costs/value 
ratio: a tool to determine the long-term strategy for delinking 
economy and environmental ecology. Int J Ecodyn 1(2):136–148. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​4​9​5​​/​E​C​​O​-​V​1​-​N​2​-​1​3​6​-​1​4​8

Hermann BG, Kroeze C, Jawjit W (2007) Assessing environmental 
performance by combining life cycle assessment, multi-criteria 
analysis and environmental performance indicators. J Clean Prod 
15(18):1787–1796. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​l​​e​p​r​​o​.​2​0​​0​6​​.​0​4​.​0​0​4

Huijbregts MAJ, Steinmann ZJN, Elshout PMF, Stam G, Verones F, 
Vieira M, Zijp M, Hollander A, van Zelm R (2017) Recipe2016: a 
harmonised life cycle impact assessment method at midpoint and 
endpoint level. Int J LCA 22(2):138–147. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​
/​s​1​​1​3​6​7​-​0​1​6​-​1​2​4​6​-​y

Huppes G, Davidson MD, Kuyper J, van Oers L, Udo De Haes HA, 
Warringa G (2006) Eco-efficient environmental policy in oil and 
gas production in The Netherlands. Ecol Econ 61(1):43–51. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​c​o​​l​e​c​​o​n​.​2​​0​0​​6​.​0​6​.​0​1​1

Huppes G, van Oers L (2011) Joint research centre: Institute for envi-
ronment and sustainability. In: Background Review of existing 
weighting approaches in Life Cycle Impact Assessment (LCIA). 
Publications Office of the European Union. ​h​t​t​p​​s​:​/​​/​e​p​l​​c​a​​.​j​r​​c​.​e​c​​.​e​u​​
r​o​p​​a​.​e​​u​/​u​​p​l​o​a​​d​s​​/​L​C​​I​A​-​r​​e​v​i​​e​w​-​​o​f​-​​w​e​i​​g​h​t​i​​n​g​​m​e​t​h​o​d​s​.​p​d​f

Hwang CL, Yoon K (1981) Multiple attribute decision making: meth-
ods and applications: a state-of-the-art survey. Lecture Notes in 
Economics and Mathematical Systems. M. BeckMann and H. P. 
Künzi, Springer-Verlag. ​h​t​t​p​​s​:​/​​/​l​i​n​​k​.​​s​p​r​​i​n​g​e​​r​.​c​​o​m​/​​b​o​o​k​/, ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​9​7​​8​-​3​-​6​4​2​-​4​8​3​1​8​-​9 

IPCC (2014) Climate Change 2014 - Impacts, Adaptation, and Vulner-
ability Part A: Global and Sectoral Aspects. In: Feild CB, Barros 
VR, Dokken DJ et al (eds) Working Group II Contribution to the 
Fifth Assessment Report of the Intergovernmental Panel on Cli-
mate Change.  ​h​t​t​p​​s​:​/​​/​w​w​w​​.​i​​p​c​c​​.​c​h​/​​s​i​t​​e​/​a​​s​s​e​​t​s​/​​u​p​l​o​​a​d​​s​/​2​​0​1​8​/​​0​2​/​​
W​G​I​​I​A​R​​5​-​F​​r​o​n​t​​M​a​​t​t​e​r​A​_​F​I​N​A​L​.​p​d​f

Ishizaka A, Labib A (2011) Review of the main developments in the 
analytic hierarchy process. Expert Syst Appl 38(11):14336–
14345. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​s​w​a​.​2​0​1​1​.​0​4​.​1​4​3

ISO (2006) ISO 14044:2006 Environmental management - Life cycle 
assessment - Requirements, guidelines. Belgium, Brussels

ISO (2019) ISO 14008:2019 Monetary valuation of environmental 
impacts and related environmental aspects. Int Organ Standard 33

ISO (2022). ISO/TS 14074:2022. Environmental management — Life 
cycle assessment — Principles, requirements and guidelines for 
normalization, weighting and interpretation. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​i​​s​o​.​​o​r​g​
/​​s​t​a​​n​d​a​​r​d​/​6​1​1​1​7​.​h​t​m​l

Itsubo N, Sakagami M, Kuriyama K, Inaba A (2012) Statistical 
analysis for the development of national average weighting fac-
tors—visualization of the variability between each individual’s 

Brussels - Luxembourg, European Commission DG XII Science 
and Research, Development

European Commission (2008) Joint research centre. In: Handbook on 
constructing composite indicators: methodology and user guide. 
OECD publishing.  ​h​t​t​p​​s​:​/​​/​w​w​w​​.​o​​e​c​d​​.​o​r​g​​/​c​o​​n​t​e​​n​t​/​​d​a​m​​/​o​e​c​​d​/​​e​n​/​​p​
u​b​l​​i​c​a​​t​i​o​​n​s​/​​r​e​p​​o​r​t​s​​/​2​​0​0​8​​/​0​8​/​​h​a​n​​d​b​o​​o​k​-​​o​n​-​​c​o​n​s​​t​r​​u​c​t​​i​n​g​-​​c​o​m​​p​o​s​​i​t​
e​​-​i​n​​d​i​c​a​​t​o​​r​s​m​​e​t​h​o​​d​o​l​​o​g​y​​-​a​n​​d​-​u​​s​e​r​-​​g​u​​i​d​e​_​g​1​g​h​9​3​0​1​/​9​7​8​9​2​6​4​0​4​
3​4​6​6​-​e​n​.​p​d​f

European Commission (2005) Directorate-general for research and 
innovation. In: Bickel P, Friedrich R (eds) ExternE - externalities 
of energy – Methodology 2005 update. Publications Office. ​h​t​t​p​​s​
:​/​​/​o​p​.​​e​u​​r​o​p​​a​.​e​u​​/​e​n​​/​p​u​​b​l​i​​c​a​t​​i​o​n​-​​d​e​​t​a​i​​l​/​-​/​​p​u​b​​l​i​c​​a​t​i​​o​n​/​​b​2​b​8​​6​b​​5​2​-​​4​f​1​
8​​-​4​b​​4​e​-​​a​1​3​4​-​b​1​c​8​1​a​d​8​a​1​b​2​/

European Commission (2023). ​h​t​t​p​​s​:​/​​/​e​c​.​​e​u​​r​o​p​​a​.​e​u​​/​e​n​​v​i​r​​o​n​m​​e​n​t​​/​b​i​o​​d​i​​
v​e​r​​s​i​t​y​​/​b​u​​s​i​n​​e​s​s​​/​a​s​​s​e​t​s​​/​p​​d​f​/​​E​U​_​B​​@​B​_​​W​e​b​​i​n​a​​r​_​2​​_​P​r​e​​s​e​​n​t​a​t​i​o​n​_​
S​l​i​d​e​s​.​p​d​f. Accessed 14/4/2023.

European Commission (2023). ​h​t​t​p​​s​:​/​​/​c​o​m​​p​o​​s​i​t​​e​-​i​n​​d​i​c​​a​t​o​​r​s​.​​j​r​c​​.​e​c​.​​e​u​​r​
o​p​​a​.​e​u​​/​?​q​​=​p​u​​b​l​i​c​a​t​i​o​n​s​/​a​u​d​i​t. Accessed 20 November 2023

Figueira J, Roy B (2002) Determining the weights of criteria in the 
ELECTRE type methods with a revised Simos’ procedure. Eur J 
Oper Res 139(2):317–326. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​3​7​7​-​2​2​1​7​(​
0​1​)​0​0​3​7​0​-​8

Finnveden G (1999) A critical review of operational valuation/weight-
ing methods for life cycle assessment. Naturvårdsverket, Swedish 
Environmental Protection Agency, Stockholm

Finnveden G, Eldh P, Johansson J (2006) Weighting in LCA based on 
ecotaxes. Int J LCA 11(Suppl 1):81–88. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​6​5​​/​
l​c​​a​2​0​0​6​.​0​4​.​0​1​5

Finnveden G, Hauschild MZ, Ekvall T, Guinée J, Heijungs R, Hellweg 
S, Koehler A, Pennington D, Suh S (2009) Recent developments 
in life cycle assessment. J Environ Manage 91:1–21

Finkbeiner M, Ackermann R, Bach V, Berger M, Brankatschk G, 
Chang YJ, Grinberg M, Lehmann A, Martínez-Blanco J, Minkov 
N, Neugebauer S, Scheumann R, Schneider L, Wolf K (2014) 
Challenges in life cycle assessment: an overview of current gaps 
and research needs. In: Klöpffer, W. (Ed.) Background and Future 
Prospects in Life Cycle Assessment. Springer, pp 207–258. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​9​7​​8​-​9​4​-​0​1​7​-​8​6​9​7​-​3

Freeman AM III, Herriges JA, Kling CL (2014) The measurement 
of environmental and resource values: theory and methods. 
Routledge

Frischknecht R, Büsser Knöpfel S (2013) Ökofaktoren Schweiz 2013 
gemäss der Methode der ökologischen Knappheit. Methodische 
Grundlagen und Anwendung auf die Schweiz. Umwelt-Wissen. 
Bundesamt für Umwelt, Bern. Nr. 1330: 256 S. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​b​​a​f​u​​
.​a​d​m​​i​n​.​​c​h​/​​d​e​/​​p​u​b​​l​i​c​a​​t​i​​o​n​?​i​d​=​G​o​a​6​1​8​g​o​q​A​R​L

Frischknecht R, Fantke P, Tschümperlin L et al (2016) Global guid-
ance on environmental life cycle impact assessment indicators: 
progress and case study. Int J Life Cycle Assess 21:429–442. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​3​6​7​-​0​1​5​-​1​0​2​5​-​1

Frischknecht R, Jolliet O, Mila i Canals L, Berger M, Fantke P, Grant 
T, Verones F (2019) Global guidance on environmental life cycle 
impact assessment indicators. United Nations Environment Pro-
gramme (UNEP)

Gan X, Fernandez IC, Guo J, Wilson M, Zhao Y, Zhou B, Wu J (2017) 
When to use what: methods for weighting and aggregating sus-
tainability indicators. Ecol Indic 81:491–502. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​1​6​​/​j​.​​e​c​o​​l​i​n​​d​.​2​0​​1​7​​.​0​5​.​0​6​8

Goedkoop M, Spriensma R (2001) The eco-indicator 99: a damage 
oriented method for life cycle impact, assessment. Methodology 
report. Amersfoort (Netherlands): PRe Consultants BV. Accessed 
1 Aug 2001

Govindan K, Kadziński M, Sivakumar R (2017) Application of a 
novel PROMETHEE-based method for construction of a group 
compromise ranking to prioritization of green suppliers in food 

1 3

https://doi.org/10.1016/j.omega.2016.10.004
https://doi.org/10.1016/j.omega.2016.10.004
https://doi.org/10.1007/s11205-017-1832-9
https://doi.org/10.1007/s11205-017-1832-9
https://doi.org/10.1177/002224299005400402
https://doi.org/10.1007/s11205-016-1294-5
https://www.e-elgar.com/shop/gbp/cost-benefit-analysisand-the-environment-9781852784553.html?srsltid=AfmBOorWJP0eyySM28ByAKVjkd1ZcEEYeZIxC6FT46vN38RLaJB40u03
https://www.e-elgar.com/shop/gbp/cost-benefit-analysisand-the-environment-9781852784553.html?srsltid=AfmBOorWJP0eyySM28ByAKVjkd1ZcEEYeZIxC6FT46vN38RLaJB40u03
https://www.e-elgar.com/shop/gbp/cost-benefit-analysisand-the-environment-9781852784553.html?srsltid=AfmBOorWJP0eyySM28ByAKVjkd1ZcEEYeZIxC6FT46vN38RLaJB40u03
https://doi.org/10.2495/ECO-V1-N2-136-148
https://doi.org/10.2495/ECO-V1-N2-136-148
https://doi.org/10.1016/j.jclepro.2006.04.004
https://doi.org/10.1007/s11367-016-1246-y
https://doi.org/10.1007/s11367-016-1246-y
https://doi.org/10.1016/j.ecolecon.2006.06.011
https://doi.org/10.1016/j.ecolecon.2006.06.011
https://eplca.jrc.ec.europa.eu/uploads/LCIA-review-of-weightingmethods.pdf
https://eplca.jrc.ec.europa.eu/uploads/LCIA-review-of-weightingmethods.pdf
https://link.springer.com/book/
https://doi.org/10.1007/978-3-642-48318-9
https://doi.org/10.1007/978-3-642-48318-9
https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-FrontMatterA_FINAL.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-FrontMatterA_FINAL.pdf
https://doi.org/10.1016/j.eswa.2011.04.143
https://www.iso.org/standard/61117.html
https://www.iso.org/standard/61117.html
https://www.oecd.org/content/dam/oecd/en/publications/reports/2008/08/handbook-on-constructing-composite-indicatorsmethodology-and-user-guide_g1gh9301/9789264043466-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2008/08/handbook-on-constructing-composite-indicatorsmethodology-and-user-guide_g1gh9301/9789264043466-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2008/08/handbook-on-constructing-composite-indicatorsmethodology-and-user-guide_g1gh9301/9789264043466-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2008/08/handbook-on-constructing-composite-indicatorsmethodology-and-user-guide_g1gh9301/9789264043466-en.pdf
https://op.europa.eu/en/publication-detail/-/publication/b2b86b52-4f18-4b4e-a134-b1c81ad8a1b2/
https://op.europa.eu/en/publication-detail/-/publication/b2b86b52-4f18-4b4e-a134-b1c81ad8a1b2/
https://op.europa.eu/en/publication-detail/-/publication/b2b86b52-4f18-4b4e-a134-b1c81ad8a1b2/
https://ec.europa.eu/environment/biodiversity/business/assets/pdf/EU_B@B_Webinar_2_Presentation_Slides.pdf
https://ec.europa.eu/environment/biodiversity/business/assets/pdf/EU_B@B_Webinar_2_Presentation_Slides.pdf
https://ec.europa.eu/environment/biodiversity/business/assets/pdf/EU_B@B_Webinar_2_Presentation_Slides.pdf
https://composite-indicators.jrc.ec.europa.eu/?q=publications/audit
https://composite-indicators.jrc.ec.europa.eu/?q=publications/audit
https://doi.org/10.1016/S0377-2217(01)00370-8
https://doi.org/10.1016/S0377-2217(01)00370-8
https://doi.org/10.1065/lca2006.04.015
https://doi.org/10.1065/lca2006.04.015
https://doi.org/10.1007/978-94-017-8697-3
https://doi.org/10.1007/978-94-017-8697-3
https://www.bafu.admin.ch/de/publication?id=Goa618goqARL
https://www.bafu.admin.ch/de/publication?id=Goa618goqARL
https://doi.org/10.1007/s11367-015-1025-1
https://doi.org/10.1007/s11367-015-1025-1
https://doi.org/10.1016/j.ecolind.2017.05.068
https://doi.org/10.1016/j.ecolind.2017.05.068


The International Journal of Life Cycle Assessment

o​​r​-​l​​i​f​e​-​​c​y​​c​l​e​​-​i​m​p​​a​c​t​​-​a​s​​s​e​s​​s​m​e​​n​t​-​i​​n​d​​i​c​a​t​o​r​s​-​a​n​d​-​m​e​t​h​o​d​s​-​g​l​a​m​/. 
Accessed 20 October 2024.

Lyche Solheim A, Tolvanen A, Skarbøvik E, Kløve B, Collentine D, 
Kronvang B, Blicher-Mathiesen G, Hashemi F, Juutinen A, Hell-
sten S, Pouta E, Vermaat JE (2023) Land-use change in a Nor-
dic future towards bioeconomy: a methodological framework to 
compare and merge stakeholder and expert opinions on qualita-
tive scenarios. CATENA 228:107100. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​
a​t​e​n​a​.​2​0​2​3​.​1​0​7​1​0​0

Ma WJ, Husain M, Bays PM (2014) Changing concepts of working 
memory. Nat Neurosci 17:347–356. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​n​n​​.​3​
6​5​5

Manero A, Taylor K, Nikolakis W, Adamowicz W, Marshall V, Spen-
cer-Cotton A, Nguyen M, Grafton RQ (2022) A systematic lit-
erature review of non-market valuation of Indigenous peoples’ 
values: current knowledge, best-practice and framing questions 
for future research. Ecosyst Serv 54:101417. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​1​6​​/​j​.​​e​c​o​s​e​r​.​2​0​2​2​.​1​0​1​4​1​7

Manik Y, Leahy J, Halog A (2013) Social life cycle assessment of palm 
oil biodiesel: a case study in Jambi Province of Indonesia. Int 
J LCA 18(7):1386–1392. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​3​6​7​-​0​1​3​-​0​5​
8​1​-​5

Markandya A, Ortiz RA, Chiabai A (2019) Estimating environmental 
health costs: general introduction to valuation of human health 
risks. In: Nriagu J (ed) Encyclopedia of Environmental Health 
(Second Edition). Elsevier, Oxford, pp 719–727. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​1​6​​/​B​9​​7​8​-​​0​-​1​​2​-​4​0​​9​5​​4​8​-​9​.​1​0​6​5​7​-​8

Martín-Gamboa M, Iribarren D, García-Gusano D, Dufour J (2017) A 
review of life-cycle approaches coupled with data envelopment 
analysis within multi-criteria decision analysis for sustainability 
assessment of energy systems. J Clean Prod 150:164–174. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​l​​e​p​r​​o​.​2​0​​1​7​​.​0​3​.​0​1​7

Matsatsinis NF, Grigoroudis E, Siskos E (2018) Disaggregation 
approach to value elicitation. Int Series Oper Res Manag Sci, 
Springer pp 313–348

Merkhofer MW, Keeney RL (1987) A multiattribute utility analysis 
of alternative sites for the disposal of nuclear waste. Risk Anal 
7(2):173–194. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​.​​1​5​3​​9​-​6​​9​2​4​.​​1​9​​8​7​.​t​b​0​0​9​8​1​.​x

Miller GA (1956) The magical number seven plus or minus two: some 
limits on our capacity for processing information. Psychol Rev 
63:81–97. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​7​​/​h​0​​0​4​3​1​5​8

Morton A, Fasolo B (2009) Behavioural decision theory for multi-cri-
teria decision analysis: a guided tour. J Oper Res Soc 60:268–275

Munda G (2005) Measuring sustainability: a multi-criterion frame-
work. Environ Dev Sustain 7:117–134. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​
s​1​​0​6​6​8​-​0​0​3​-​4​7​1​3​-​0

Munda G, Nardo M (2005) Constructing consistent composite indica-
tors: the issue of weights. European Commission, Joint Research 
Centre. EUR 21834 EN 1–11. ​h​t​t​p​​s​:​/​​/​p​u​b​​l​i​​c​a​t​​i​o​n​s​​.​j​r​​c​.​e​​c​.​e​​u​r​o​​p​a​.​e​​
u​/​​r​e​p​​o​s​i​t​​o​r​y​​/​h​a​​n​d​l​e​/​J​R​C​3​2​4​3​4

Murakami K, Itsubo N, Kuriyama K, Yoshida K, Tokimatsu K (2018) 
Development of weighting factors for G20 countries. Part 2: esti-
mation of willingness to pay and annual global damage cost. Int 
J LCA 23(12):2349–2364. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​3​6​7​-​0​1​7​-​1​
3​7​2​-​1

Mutikanga HE, Sharma SK, Vairavamoorthy K (2011) Multi-criteria 
decision analysis: a strategic planning tool for water loss manage-
ment. Water Resour Manage 25(14):3947–3969. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​0​7​​/​s​1​​1​2​6​9​-​0​1​1​-​9​8​9​6​-​9

Nardo M, Saisana M, Saltelli A, Tarantola S (2005) Tools for compos-
ite indicators building. European Comission, Ispra 15(1):19–20. 
EUR 21682. ​h​t​t​p​​s​:​/​​/​p​u​b​​l​i​​c​a​t​​i​o​n​s​​.​j​r​​c​.​e​​c​.​e​​u​r​o​​p​a​.​e​​u​/​​r​e​p​​o​s​i​t​​o​r​y​​/​h​a​​n​d​
l​e​/​J​R​C​3​1​4​7​3

Nardo M, Saisana M, Saltelli A, Tarantola S, Hoffmann A, Giovan-
nini E (2008) Handbook on Constructing Composite Indicators: 
Methodology, User Guide. OECD publishing, Paris (France)

environmental thoughts. Int J LCA 17(4):488–498. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​1​​0​0​7​​/​s​1​​1​3​6​7​-​0​1​2​-​0​3​7​9​-​x

Itsubo N (2015) Weighting. In: Hauschild MZ, Huijbregts MAJ (eds) 
Life Cycle Impact Assessment. Springer, Netherlands, Dordrecht, 
pp 301–330

Itsubo N, Murakami K, Kuriyama K, Yoshida K, Tokimatsu K, Inaba 
A (2018) Development of weighting factors for G20 countries—
explore the difference in environmental awareness between 
developed and emerging countries. Int J LCA 23(12):2311–2326. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​3​6​7​-​0​1​5​-​0​8​8​1​-​z

Itsubo N, Sakagami M, Washida T, Kokubu K, Inaba A (2004) Weight-
ing across safeguard subjects for LCIA through the application of 
conjoint analysis. Int J LCA 9(3):196–205. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​
0​7​​/​B​F​​0​2​9​9​4​1​9​4

Jahan A, Mustapha F, Sapuan SM, Ismail MY, Bahraminasab M (2012) 
A framework for weighting of criteria in ranking stage of material 
selection process. Int J Adv Manuf Tech 58(1):411–420. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​1​7​0​-​0​1​1​-​3​3​6​6​-​7

Johnston RJ, Boyle KJ, Adamowicz W, Bennett J, Brouwer R, Cameron 
TA, Hanemann WM, Hanley N, Ryan M, Scarpa R, Tourangeau 
R, Vossler CA (2017) Contemporary guidance for stated prefer-
ence studies. J Assoc Environ Resour Econ 4(2):319–405. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​6​​/​6​9​​1​6​9​7

Kadziński M, Rocchi L, Miebs G, Grohmann D, Menconi ME, 
Paolotti L (2018) Multiple criteria assessment of insulating 
materials with a group decision framework incorporating out-
ranking preference model and characteristic class profiles. G 
Decis Negot 27(1):33–59. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​7​2​6​-​0​1​
7​-​9​5​4​9​-​3

Karkour S, Ichisugi Y, Abeynayaka A, Itsubo N (2020) External-cost 
estimation of electricity generation in G20 countries: case study 
using a global life-cycle impact-assessment method. Sustainabil-
ity. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​s​u​​1​2​0​5​2​0​0​2

Keeney RL, McDaniels TL (1999) Identifying and structuring val-
ues to guide integrated resource planning at BC gas. Oper Res 
47(5):651–662. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​8​7​​/​o​p​​r​e​.​4​7​.​5​.​6​5​1

Keeney RL, Raiffa H (1993) Tradeoffs under certainty. In: Raiffa H, 
Keeney RL (eds) Decisions with Multiple Objectives: Prefer-
ences and Value Trade-Offs. Cambridge University Press, Cam-
bridge, pp 66–130

Keeney RL, Wood EF (1977) An illustrative example of the use of 
multiattribute utility theory for water resource planning. Water 
Resour Res 13(4):705–712. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​2​9​​/​W​R​​0​1​3​i​0​0​4​
p​0​0​7​0​5

Kirchhoff T (2012) Pivotal cultural values of nature cannot be inte-
grated into the ecosystem services framework. Biol Sci 109(46). ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​7​3​​/​p​n​​a​s​.​1​2​1​2​4​0​9​1​0​9

Klöpffer W, Grahl B (2014) Life Cycle Assessment (LCA): A Guide to 
Best Practice. Wiley-VCH

Lahdelma R, Salminen P (2001) SMAA-2: stochastic multicrite-
ria acceptability analysis for group decision making. Oper Res 
49(3):444–454. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​8​7​​/​o​p​​r​e​.​4​9​.​3​.​4​4​4​.​1​1​2​2​0

Ligus M (2017) Evaluation of economic, social and environmental 
effects of low-emission energy technologies in Poland – multi-
criteria analysis. Energ Proced 136:163–168. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​1​6​​/​j​.​​e​g​y​p​r​o​.​2​0​1​7​.​1​0​.​3​1​4

Lindfors LG, Christiansen K, Hoffmann L, Virtanen Y, Juntilla V, 
Hanssen OJ, Rønning A, Ekvall T, Finnveden G (1995) Nor-
dic Guidelines on Life-Cycle Assessment.  Nordic Council of 
Ministers

Lippiatt BC (2007) Building for Environmental and Economic Sus-
tainability Technical Manual and User Guide. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​n​​i​s​t​​.​
g​o​v​​/​p​u​​b​l​i​​c​a​t​​i​o​n​​s​/​b​e​​e​s​​-​4​0​​-​b​u​i​​l​d​i​​n​g​-​​e​n​v​​i​r​o​​n​m​e​n​​t​a​​l​-​a​​n​d​-​e​​c​o​n​​o​m​i​​
c​-​s​​u​s​t​​a​i​n​a​​b​i​​l​i​t​​y​-​t​e​​c​h​n​​i​c​a​​l​-​m​a​n​u​a​l​-​a​n​d​-​u​s​e​r

Life Cycle Initiative (2024) ​h​t​t​p​​s​:​/​​/​w​w​w​​.​l​​i​f​e​​c​y​c​l​​e​i​n​​i​t​i​​a​t​i​​v​e​.​​o​r​g​/​​a​c​​t​i​v​​i​
t​i​e​​s​/​l​​i​f​e​​-​c​y​​c​l​e​​-​a​s​s​​e​s​​s​m​e​​n​t​-​d​​a​t​a​​-​a​n​​d​-​m​​e​t​h​​o​d​s​/​​g​l​​o​b​a​​l​-​g​u​​i​d​a​​n​c​e​​-​f​

1 3

https://www.lifecycleinitiative.org/activities/life-cycle-assessment-data-and-methods/global-guidance-for-life-cycle-impact-assessment-indicators-and-methods-glam/
https://doi.org/10.1016/j.catena.2023.107100
https://doi.org/10.1016/j.catena.2023.107100
https://doi.org/10.1038/nn.3655
https://doi.org/10.1038/nn.3655
https://doi.org/10.1016/j.ecoser.2022.101417
https://doi.org/10.1016/j.ecoser.2022.101417
https://doi.org/10.1007/s11367-013-0581-5
https://doi.org/10.1007/s11367-013-0581-5
https://doi.org/10.1016/B978-0-12-409548-9.10657-8
https://doi.org/10.1016/B978-0-12-409548-9.10657-8
https://doi.org/10.1016/j.jclepro.2017.03.017
https://doi.org/10.1016/j.jclepro.2017.03.017
https://doi.org/10.1111/j.1539-6924.1987.tb00981.x
https://doi.org/10.1037/h0043158
https://doi.org/10.1007/s10668-003-4713-0
https://doi.org/10.1007/s10668-003-4713-0
https://publications.jrc.ec.europa.eu/repository/handle/JRC32434
https://publications.jrc.ec.europa.eu/repository/handle/JRC32434
https://doi.org/10.1007/s11367-017-1372-1
https://doi.org/10.1007/s11367-017-1372-1
https://doi.org/10.1007/s11269-011-9896-9
https://doi.org/10.1007/s11269-011-9896-9
https://publications.jrc.ec.europa.eu/repository/handle/JRC31473
https://publications.jrc.ec.europa.eu/repository/handle/JRC31473
https://doi.org/10.1007/s11367-012-0379-x
https://doi.org/10.1007/s11367-012-0379-x
https://doi.org/10.1007/s11367-015-0881-z
https://doi.org/10.1007/s11367-015-0881-z
https://doi.org/10.1007/BF02994194
https://doi.org/10.1007/BF02994194
https://doi.org/10.1007/s00170-011-3366-7
https://doi.org/10.1007/s00170-011-3366-7
https://doi.org/10.1086/691697
https://doi.org/10.1086/691697
https://doi.org/10.1007/s10726-017-9549-3
https://doi.org/10.1007/s10726-017-9549-3
https://doi.org/10.3390/su12052002
https://doi.org/10.1287/opre.47.5.651
https://doi.org/10.1029/WR013i004p00705
https://doi.org/10.1029/WR013i004p00705
https://doi.org/10.1073/pnas.1212409109
https://doi.org/10.1073/pnas.1212409109
https://doi.org/10.1287/opre.49.3.444.11220
https://doi.org/10.1016/j.egypro.2017.10.314
https://doi.org/10.1016/j.egypro.2017.10.314
https://www.nist.gov/publications/bees-40-building-environmental-and-economic-sustainability-technical-manual-and-user
https://www.nist.gov/publications/bees-40-building-environmental-and-economic-sustainability-technical-manual-and-user
https://www.nist.gov/publications/bees-40-building-environmental-and-economic-sustainability-technical-manual-and-user
https://www.lifecycleinitiative.org/activities/life-cycle-assessment-data-and-methods/global-guidance-for-life-cycle-impact-assessment-indicators-and-methods-glam/
https://www.lifecycleinitiative.org/activities/life-cycle-assessment-data-and-methods/global-guidance-for-life-cycle-impact-assessment-indicators-and-methods-glam/


The International Journal of Life Cycle Assessment

Pelissari R, Oliveira MC, Amor SB, Kandakoglu A, Helleno AL 
(2020) SMAA methods and their applications: a literature review 
and future research directions. Ann Oper Res. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​0​7​​/​s​1​​0​4​7​9​-​0​1​9​-​0​3​1​5​1​-​z

Petrillo A, De Felice F, Jannelli E, Autorino C, Minutillo M, Lavadera 
AL (2016) Life cycle assessment (LCA) and life cycle cost (LCC) 
analysis model for a stand-alone hybrid renewable energy system. 
Renew Energ 95:337–355. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​r​e​n​e​n​e​.​2​0​1​6​
.​0​4​.​0​2​7

Piasecki M, Kostyrko K (2020) Development of weighting scheme for 
indoor air quality model using a multi-attribute decision making 
method. Energies. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​e​n​​1​3​1​2​3​1​2​0

Pizzol M, Laurent A, Sala S, Weidema B, Verones F, Koffler C (2017) 
Normalisation and weighting in life cycle assessment: quo vadis? 
Int J LCA 22(6):853–866. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​3​6​7​-​0​1​6​-​1​
1​9​9​-​1

Pizzol M, Weidema B, Brandão M, Osset P (2015) Monetary valuation 
in life cycle assessment: a review. J Clean Prod 86:170–179. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​l​​e​p​r​​o​.​2​0​​1​4​​.​0​8​.​0​0​7

Porter ME, Stern S (2001) “National innovative capacity.” The global 
competitiveness report 2002. Oxford University Press, New 
York, pp 102–118

Powell JC, Pearce DW, Craighill AL (1997) Approaches to valuation 
in LCA impact assessment. Int J LCA 2:11–15

Prado-Lopez V, Seager TP, Chester M, Laurin L, Bernardo M, Tylock 
S (2014) Stochastic multi-attribute analysis (SMAA) as an inter-
pretation method for comparative life-cycle assessment (LCA). 
Int J LCA 19(2):405–416. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​3​6​7​-​0​1​3​-​0​
6​4​1​-​x

Prado V, Cinelli M, Ter Haar SF, Ravikumar D, Heijungs R, Guinée 
J, Seager TP (2020) Sensitivity to weighting in life cycle impact 
assessment (LCIA). Int J Life Cycle Assess 25:2393–2406

Prado V, Heijungs R (2018) Implementation of stochastic multi attri-
bute analysis (SMAA) in comparative environmental assess-
ments. Environ Model Softw 109:223–231. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​
1​6​​/​j​.​​e​n​v​​s​o​f​​t​.​2​0​​1​8​​.​0​8​.​0​2​1

Preiss P, Klotz V (2007)  NEEDS new energy externalities develop-
ments for sustainability.  Description of updated and extended 
draft tools for the detailed site-dependent assessment of exter-
nal costs. Technical Paper no. 7.4 – RS 1b. Universität Stuttgart, 
Germany

Preiss P, Klotz V (2008) EcoSenseWeb V1. 3 user’s manual & descrip-
tion of updated and extended draft tools for the detailed site–
dependent assessment of external costs. Stutgart: Institute of 
Energy Economics and Rational Use of Energy (IER)

Raworth K (2017) Doughnut economics: seven ways to think like a 
21st century economist. Chelsea Green Publishing, White River 
Junction, Vermont

Riabacke M, Danielson M, Ekenberg L (2012) State-of-the-art pre-
scriptive criteria weight elicitation. Adv Decis Sci 2012:276584. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​5​5​​/​2​0​​1​2​/​2​7​6​5​8​4

Richardson K, Steffen W, Lucht W, Bendtsen J, Cornell SE, Donges 
JF, Drüke M, Fetzer I, Bala G, von Bloh W, Feulner G, Fiedler 
S, Gerten D, Gleeson T, Hofmann M, Huiskamp W, Kummu M, 
Mohan C, Nogués-Bravo D et al (2023) Earth beyond six of nine 
planetary boundaries. Sci Adv 9(37):eadh2458. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​1​2​6​​/​s​c​​i​a​d​v​.​a​d​h​2​4​5​8

Rockström J, Steffen W, Noone K, Persson Å, Chapin FS, Lambin 
EF, Lenton TM, Scheffer M, Folke C, Schellnhuber HJ, Nykvist 
B, de Wit CA, Hughes T, van der Leeuw S, Rodhe H, Sörlin S, 
Snyder PK, Costanza R, Svedin U, Falkenmark M, Karlberg L, 
Corell RW, Fabry VJ, Hansen J, Walker B, Liverman D, Rich-
ardson K, Crutzen P, Foley JA (2009) A safe operating space for 
humanity. Nature 461(7263):472–475. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​4​
6​​1​4​7​2​a

Nascimento F, Gouveia B, Dias F, Ribeiro F, Silva MA (2020) A 
method to select a road pavement structure with life cycle assess-
ment. J Clean Prod 271:122210. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​l​​e​p​r​​o​
.​2​0​​2​0​​.​1​2​2​2​1​0

Nicoletti G, Scarpetta S, Boylaud O (2000) Summary indicators of 
product market regulation with an extension to employment 
protection legislation. OECD Economics Department Working 
Papers, No. 226, OECD Publishing, Paris. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​7​
8​7​​/​2​1​​5​1​8​2​8​4​4​6​0​4

Nizamuddin S, Jamal M, Santos J, Giustozzi F (2021) Recycling of 
low-value packaging films in bitumen blends: a grey-based multi 
criteria decision making approach considering a set of labora-
tory performance and environmental impact indicators. Sci Total 
Environ 778:146187. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​s​c​i​​t​o​t​​e​n​v​.​​2​0​​2​1​.​1​4​
6​1​8​7

OECD (2018) Cost-Benefit Analysis and the Environment: Further 
Developments and Policy Use. Organisation for Economic Co-
operation and Development (OECD) publishing, Paris. p, p 454

OECD (2019) Biodiversity: finance and the economic and business 
case for action, report prepared for the G7 Environment Min-
isters’ Meeting.  Organisation for Economic Cooperation and 
Development (OECD), Paris, 5-6 May 2019

OECD (2020) OECD Purchasing Power Parities (PPP). ​h​t​t​p​​s​:​/​​/​d​a​t​​a​.​​o​e​
c​​d​.​o​r​​g​/​c​​o​n​v​​e​r​s​​i​o​n​​/​p​u​r​​c​h​​a​s​i​​n​g​-​p​​o​w​e​​r​-​p​​a​r​i​t​i​e​s​-​p​p​p​.​h​t​m.  Accessed 
13 Nov 2020

OECD (2023) What’s the Better Life Index?. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​o​​e​c​d​​b​e​t​t​​e​r​
l​​i​f​e​​i​n​d​​e​x​.​​o​r​g​/​​a​b​​o​u​t​​/​b​e​t​​t​e​r​​-​l​i​​f​e​-​​i​n​i​​t​i​a​t​​i​v​​e​/​q​u​e​s​t​i​o​n​2​1. Accessed 14 
Apr 2023

Oka T (2005) The maximum abatement cost method for assessing 
environmental cost-effectiveness. J Ind Ecol 9(4):22–23. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​6​2​​/​1​0​​8​8​1​9​8​0​5​7​7​5​2​4​7​8​5​5

Oliveira G, Dias LC, Neves L (2020) Chapter 3.4 - Preference elici-
tation approaches for energy decisions. In M. Lopes, C. H. 
Antunes, and K. B. Janda, (eds). Energy Behav. Academic Press, 
pp 353–388

Paas F, Tuovine JE, Tabbers H, Van Gerven PWM (2003) Cognitive 
load measurement as a means to advance cognitive load theory. 
Educ Psychol 38:63–71

Parsons GR (2017) Travel Cost Models. In: Champ P, Boyle K, Brown 
T (eds) A Primer on Nonmarket Valuation. The Economics of 
Non-Market Goods and Resources, vol 13. Springer, Dordrecht. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​9​7​​8​-​9​4​-​0​0​7​-​7​1​0​4​-​8​_​6

Paruolo P, Saisana M, Saltelli A (2013) Ratings and rankings: voodoo or 
science? J Rstat Soc: Series A (Statistics in Society) 176(3):609–
634. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​.​​1​4​6​​7​-​9​​8​5​X​.​​2​0​​1​2​.​0​1​0​5​9​.​x

Pascual U, Balvanera P, Anderson CB, Chaplin-Kramer R, Christie M, 
González-Jiménez D, Martin A, Raymond CM, Termansen M, 
Vatn A, Athayde S, Baptiste B, Barton DN, Jacobs S, Kelemen 
E, Kumar R, Lazos E, Mwampamba TH, Nakangu B, O’Farrell 
P, Subramanian SM, van Noordwijk M, Ahn S, Amaruzaman S, 
Amin AM, Arias-Arévalo P, Arroyo-Robles G, Cantú-Fernández 
M, Castro AJ, Contreras V, De Vos A, Dendoncker N, Engel S, 
Eser U, Faith DP, Filyushkina A, Ghazi H, Gómez-Baggethun 
E, Gould RK, Guibrunet L, Gundimeda H, Hahn T, Harmáčková 
ZV, Hernández-Blanco M, Horcea-Milcu A-I, Huambachano M, 
Wicher NLH, Aydın Cİ, Islar M, Koessler A-K, Kenter JO, Kos-
mus M, Lee H, Leimona B, Lele S, Lenzi D, Lliso B, Mannetti 
LM, Merçon J, Monroy-Sais AS, Mukherjee N, Muraca B, Mura-
dian R, Murali R, Nelson SH, Nemogá-Soto GR, Ngouhouo-Pou-
foun J, Niamir A, Nuesiri E, Nyumba TO, Özkaynak B, Palomo 
I, Pandit R, Pawłowska-Mainville A, Porter-Bolland L, Quaas M, 
Rode J, Rozzi R, Sachdeva S, Samakov A, Schaafsma M, Sitas N, 
Ungar P, Yiu E, Yoshida Y, Zent E (2023) Diverse values of nature 
for sustainability. Nature 620(7975):813–823. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​
1​​0​3​8​​/​s​4​​1​5​8​6​-​0​2​3​-​0​6​4​0​6​-​9

1 3

https://doi.org/10.1007/s10479-019-03151-z
https://doi.org/10.1007/s10479-019-03151-z
https://doi.org/10.1016/j.renene.2016.04.027
https://doi.org/10.1016/j.renene.2016.04.027
https://doi.org/10.3390/en13123120
https://doi.org/10.1007/s11367-016-1199-1
https://doi.org/10.1007/s11367-016-1199-1
https://doi.org/10.1016/j.jclepro.2014.08.007
https://doi.org/10.1016/j.jclepro.2014.08.007
https://doi.org/10.1007/s11367-013-0641-x
https://doi.org/10.1007/s11367-013-0641-x
https://doi.org/10.1016/j.envsoft.2018.08.021
https://doi.org/10.1016/j.envsoft.2018.08.021
https://doi.org/10.1155/2012/276584
https://doi.org/10.1155/2012/276584
https://doi.org/10.1126/sciadv.adh2458
https://doi.org/10.1126/sciadv.adh2458
https://doi.org/10.1038/461472a
https://doi.org/10.1038/461472a
https://doi.org/10.1016/j.jclepro.2020.122210
https://doi.org/10.1016/j.jclepro.2020.122210
https://doi.org/10.1787/215182844604
https://doi.org/10.1787/215182844604
https://doi.org/10.1016/j.scitotenv.2021.146187
https://doi.org/10.1016/j.scitotenv.2021.146187
https://data.oecd.org/conversion/purchasing-power-parities-ppp.htm
https://data.oecd.org/conversion/purchasing-power-parities-ppp.htm
https://www.oecdbetterlifeindex.org/about/better-life-initiative/question21
https://www.oecdbetterlifeindex.org/about/better-life-initiative/question21
https://doi.org/10.1162/108819805775247855
https://doi.org/10.1162/108819805775247855
https://doi.org/10.1007/978-94-007-7104-8_6
https://doi.org/10.1007/978-94-007-7104-8_6
https://doi.org/10.1111/j.1467-985X.2012.01059.x
https://doi.org/10.1038/s41586-023-06406-9
https://doi.org/10.1038/s41586-023-06406-9


The International Journal of Life Cycle Assessment

Soares SR, Toffoletto L, Deschênes L (2006) Development of weight-
ing factors in the context of LCIA. J Clean Prod 14(6–7):649–
660. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​l​​e​p​r​​o​.​2​0​​0​5​​.​0​7​.​0​1​8

Spash CL (2009) The new environmental pragmatists, pluralism and 
sustainability. Environ Values 18(3):253–256

Steen B (2016) Calculation of monetary values of environmental 
impacts from emissions and resource use the case of using the 
EPS 2015d impact assessment method. J Sustain Dev. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​5​​5​3​9​​/​j​s​​d​.​v​9​n​6​p​1​5

Steen B (2019) Monetary valuation of environmental impacts: Models 
and data. CRC Press

Steen B, Rydberg T (2020) EPS weighting factors - version 2020d. 
Swedish Lifecycle Center, Chalmers University of Technology, 
Göteborg

Steffen W, Richardson K, Rockström J, Cornell SE, Fetzer I, Ben-
nett EM, Biggs R, Carpenter SR, de Vries W, de Wit CA, Folke 
C, Gerten D, Heinke J, Mace GM, Persson LM, Ramanathan V, 
Reyers B, Sörlin S (2015) Planetary boundaries: guiding human 
development on a changing planet. Sci 347(6223):1259855. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​2​6​​/​s​c​​i​e​n​c​e​.​1​2​5​9​8​5​5

Suarez-Tapia A, Kucheryavskiy SV, Christensen BT, Thomsen IK, 
Rasmussen J (2017) Limitation of multi-elemental fingerprint-
ing of wheat grains: effect of cultivar, sowing date, and nutrient 
management. J Cereal Sci 76:76–84. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​
s​.​2​0​1​7​.​0​5​.​0​1​5

Saaty TL (1990) How to make a decision: the analytic hierarchy pro-
cess. Eur J Oper Res 48(1):9–26. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​0​3​​7​7​-​2​
2​1​7​(​9​0​)​9​0​0​5​7​-​I

Tapia C, Abajo B, Feliu E, Mendizabal M, Martinez JA, Fernández 
JG, Laburu T, Lejarazu A (2017) Profiling urban vulnerabilities to 
climate change: an indicator-based vulnerability assessment for 
European cities. Ecol Indic 78:142–155. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​
/​j​.​​e​c​o​​l​i​n​​d​.​2​0​​1​7​​.​0​2​.​0​4​0

Taylor LO (2017) Hedonics. A primer on nonmarket valuation. In: 
Champ PA, Boyle KJ, Brown TC, Peterson LG, 2nd edn. Springer. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​9​7​​8​-​9​4​-​0​0​7​-​7​1​0​4​-​8

Tervonen T (2014) JSMAA: open source software for SMAA compu-
tations. Int J Syst Sci 45(1):69–81. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​0​​2​0​
7​7​2​1​.​2​0​1​2​.​6​5​9​7​0​6

Tervonen T, Linkov I, Figueira JR, Steevens J, Chappell M, Merad M 
(2009) Risk-based classification system of nanomaterials. J Nanopart 
Res 11(4):757–766. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​0​5​1​-​0​0​8​-​9​5​4​6​-​1

Thompson M (2002) Don’t let it put you off your dinner: First steps 
towards ethical policies shaped by cultural considerations. J 
Comp Policy Anal 4(3):347–363. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​2​3​​/​A​:​​1​0​2​
0​3​1​0​7​0​3​4​1​6

Tomaschek J (2015) Marginal abatement cost curves for policy recom-
mendation – a method for energy system analysis. Energ Policy 
85:376–385. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​n​p​o​l​.​2​0​1​5​.​0​5​.​0​2​1

Trucost (2015) Trucost’s valuation methodology. Trucost
Tukker A, de Koning A, Wood R, Hawkins T, Lutter S, Acosta J, Rueda 

Cantuche JM, Bouwmeester M, Oosterhaven J, Drosdowski T, 
Kuenen J (2013) Exiopol – Development and illustrative analyses 
of a detailed global MR EE SUT/IOT. Econ Syst Res 25(1):50–
70. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​9​​5​3​5​3​1​4​.​2​0​1​2​.​7​6​1​9​5​2

Tuomisto HL, Hodge ID, Riordan P, Macdonald DW (2012) Explor-
ing a safe operating approach to weighting in life cycle impact 
assessment – a case study of organic, conventional and integrated 
farming systems. J Clean Prod 37:147–153. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​
1​6​​/​j​.​​j​c​l​​e​p​r​​o​.​2​0​​1​2​​.​0​6​.​0​2​5

ul Haq S, Boz I (2020) Measuring environmental, economic, and 
social sustainability index of tea farms in Rize Province, Turkey. 
Environ Dev Sustain 22(3):2545–2567. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​
1​​0​6​6​8​-​0​1​9​-​0​0​3​1​0​-​x

Rockström J, Gupta J, Qin D et al (2023) Safe and just earth system 
boundaries. Nature 619:102–111. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​8​
6​-​0​2​3​-​0​6​0​8​3​-​8

Rowley HV, Peters GM, Lundie S, Moore SJ (2012) Aggregating sus-
tainability indicators: beyond the weighted sum. J Environ Man-
age 111:24–33. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​e​n​​v​m​a​​n​.​2​0​​1​2​​.​0​5​.​0​0​4

Roy B, Mousseau V (1996) A theoretical framework for analysing the 
notion of relative importance of criteria. Journal of Multi-Criteria 
Decision Analysis 5:145–159

Roy B, Słowiński R (2013) Questions guiding the choice of a multicri-
teria decision aiding method. Eur J Decis Process 1:69–97. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​4​​0​0​7​0​-​0​1​3​-​0​0​0​4​-​7

Ruangpan L, Vojinovic Z, Plavšić J, Doong D-J, Bahlmann T, Alves A, 
Tseng L-H, Randelović A, Todorović A, Kocic Z, Beljinac V, Wu 
M-H, Lo W-C, Perez-Lapeña B, Franca MJ (2021) Incorporat-
ing stakeholders’ preferences into a multi-criteria framework for 
planning large-scale nature-based solutions. Ambio 50(8):1514–
1531. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​3​2​8​0​-​0​2​0​-​0​1​4​1​9​-​4

Saaty TL (2016) The analytic hierarchy and analytic network processes 
for the measurement of intangible criteria and for decision-mak-
ing. In S. Greco, M. Ehrgott, and J. R. Figueira, editors. Multiple 
Criteria Decision Analysis: State of the Art Surveys. Springer 
New York, New York, NY, pp 363–419 ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​
9​7​​8​-​1​-​4​9​3​9​-​3​0​9​4​-​4​_​1​0

Saaty TL (2008) Decision making with the analytic hierarchy process. 
Int J Serv Sci 1(1):83–98

Sala S, Cerutti AK (2018) Development of a weighting approach for 
the environmental footprint. Publications Office of the European 
Union, EUR 28562. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​7​6​0​​/​9​4​​5​2​9​0

Sala S, Crenna E, Secchi M, Sanyé-Mengual E (2020) Environmental 
sustainability of European production and consumption assessed 
against planetary boundaries. J Environ Manag 269:110686. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​e​n​v​m​a​n​.​2​0​2​0​.​1​1​0​6​8

Sánchez-Lozano JM, Henggeler Antunes C, García-Cascales MS, Dias 
LC (2014) Gis-based photovoltaic solar farms site selection using 
ELECTRE-TRI: evaluating the case for Torre Pacheco, Murcia, 
southeast of Spain. Renew Energy 66:478–494. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​0​1​6​​/​j​.​​r​e​n​e​n​e​.​2​0​1​3​.​1​2​.​0​3​8

Santos J, Bressi S, Cerezo V, Lo Presti D (2019) SUP&R DSS: A sus-
tainability-based decision support system for road pavements. J 
Clean Prod 206:524–540. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​l​​e​p​r​​o​.​2​0​​1​8​​.​
0​8​.​3​0​8

Seppälä J, Basson L, Norris GA (2001) Decision analysis frameworks 
for life-cycle impact assessment. J Ind Ecol 5:45–68. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​1​6​2​​/​1​0​​8​8​1​9​8​0​1​6​0​0​8​4​0​3​3

Simos J (1990a) Evaluer l’impact sur l’environnement: Une approche 
originale par l’analyse multicritère et la négociation. Presses 
Polytechniques Et Universitaires Romandes Lausanne. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​7​​2​0​2​​/​0​3​​2​9​3​9​a​r

Simos J (1990b) L’évaluation environnementale: Un processus cogni-
tif négocié. EPFL, Lausanne

Siskos E, Tsotsolas N (2015) Elicitation of criteria importance weights 
through the Simos method: a robustness concern. Eur J Oper Res 
246(2):543–553. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​j​o​r​.​2​0​1​5​.​0​4​.​0​3​7

Slebi-Acevedo CJ, Castro-Fresno D, Pascual-Muñoz P, Lastra-
González P (2022) A combination of DOE – multi-criteria deci-
sion making analysis applied to additive assessment in porous 
asphalt mixture. Int J Pavement Eng 23(8):2489–2502

Slebi-Acevedo CJ, Silva-Rojas IM, Lastra-González P, Pascual-
Muñoz P, Castro-Fresno D (2020) Multiple-response optimiza-
tion of open graded friction course reinforced with fibers through 
CRITIC-WASPAS based on Taguchi methodology. Constr Build 
Mater 233:117274. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​o​n​​b​u​i​​l​d​m​a​​t​.​​2​0​1​9​.​1​
1​7​2​7​4

1 3

https://doi.org/10.1016/j.jclepro.2005.07.018
https://doi.org/10.5539/jsd.v9n6p15
https://doi.org/10.5539/jsd.v9n6p15
https://doi.org/10.1126/science.1259855
https://doi.org/10.1126/science.1259855
https://doi.org/10.1016/j.jcs.2017.05.015
https://doi.org/10.1016/j.jcs.2017.05.015
https://doi.org/10.1016/0377-2217(90)90057-I
https://doi.org/10.1016/0377-2217(90)90057-I
https://doi.org/10.1016/j.ecolind.2017.02.040
https://doi.org/10.1016/j.ecolind.2017.02.040
https://doi.org/10.1007/978-94-007-7104-8
https://doi.org/10.1007/978-94-007-7104-8
https://doi.org/10.1080/00207721.2012.659706
https://doi.org/10.1080/00207721.2012.659706
https://doi.org/10.1007/s11051-008-9546-1
https://doi.org/10.1023/A:1020310703416
https://doi.org/10.1023/A:1020310703416
https://doi.org/10.1016/j.enpol.2015.05.021
https://doi.org/10.1080/09535314.2012.761952
https://doi.org/10.1016/j.jclepro.2012.06.025
https://doi.org/10.1016/j.jclepro.2012.06.025
https://doi.org/10.1007/s10668-019-00310-x
https://doi.org/10.1007/s10668-019-00310-x
https://doi.org/10.1038/s41586-023-06083-8
https://doi.org/10.1038/s41586-023-06083-8
https://doi.org/10.1016/j.jenvman.2012.05.004
https://doi.org/10.1007/s40070-013-0004-7
https://doi.org/10.1007/s40070-013-0004-7
https://doi.org/10.1007/s13280-020-01419-4
https://doi.org/10.1007/978-1-4939-3094-4_10
https://doi.org/10.1007/978-1-4939-3094-4_10
https://doi.org/10.2760/945290
https://doi.org/10.1016/j.jenvman.2020.11068
https://doi.org/10.1016/j.jenvman.2020.11068
https://doi.org/10.1016/j.renene.2013.12.038
https://doi.org/10.1016/j.renene.2013.12.038
https://doi.org/10.1016/j.jclepro.2018.08.308
https://doi.org/10.1016/j.jclepro.2018.08.308
https://doi.org/10.1162/10881980160084033
https://doi.org/10.1162/10881980160084033
https://doi.org/10.7202/032939ar
https://doi.org/10.7202/032939ar
https://doi.org/10.1016/j.ejor.2015.04.037
https://doi.org/10.1016/j.conbuildmat.2019.117274
https://doi.org/10.1016/j.conbuildmat.2019.117274


The International Journal of Life Cycle Assessment

Wenzel H, Hauschild M, Alting L (1997) Environmental assessment of 
products. Methodology, tools and case studies in product devel-
opment, vol 1. Chapman and Hall, UK

Whitehead JC, Haab TC (2013) Contingent valuation method. In: 
Shogren JF (ed) Encyclopedia of Energy and Natural Resource, 
and Environmental Economics, vol 3. Elsevier, Amsterdam, pp 
334–341

Wohner B, Gabriel VH, Krenn B, Krauter V, Tacker M (2020) Envi-
ronmental and economic assessment of food-packaging systems 
with a focus on food waste. Case study on tomato ketchup. Sci 
Total Environ 738:139846. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​s​c​i​​t​o​t​​e​n​v​.​​2​0​​
2​0​.​1​3​9​8​4​6

Wolff F, Gsell M (2018) Ökonomisierung der Umwelt und ihres 
Schutzes: Unterschiedliche Praktiken, ihre theoretische Bewer-
tung und empirische Wirkungen. Im Auftrag des Umweltbundesa-
mtes, Öko-Institut, Berlin. ​h​t​t​p​​s​:​/​​/​d​-​n​​b​.​​i​n​f​​o​/​1​3​​6​9​3​​0​3​5​​3​X​/​3​4

Wood R, Hawkins TR, Hertwich EG, Tukker A (2014) Harmonising 
national input—output tables for consumption-based accounting 
— experiences from EXIOPOL. Econ Syst Res 26(4):387–409. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​9​​5​3​5​3​1​4​.​2​0​1​4​.​9​6​0​9​1​3

Yuan C, Wang E, Zhai Q, Yang F (2015) Temporal discounting in life 
cycle assessment: a critical review and theoretical framework. 
Environ Impact Assess Rev 51:23–31. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​
e​i​a​r​.​2​0​1​5​.​0​1​.​0​0​1

Yue Q, Li S, Hu X, Zhang Y, Xue M, Wang H (2019) Sustainability 
analysis of electricity generation technologies based on life-cycle 
assessment and life-cycle cost—a case study in Liaoning Prov-
ince. Energ Technol 7(7):1900365. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​e​n​​t​e​.​
2​0​1​9​0​0​3​6​5

Zardari NH, Ahmed K, Shirazi SM, Yusop ZB (2015) Weighting Meth-
ods and their Effects on Multi-Criteria Decision Making Model 
Outcomes in Water Resources Management, Springer Cham. XI, 
166. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​1​0​​​0​7​/​​​9​7​​8​-​3​​-​3​1​9​-​1​​2​5​8​6​-​2

Zeleny M (1982) Multiple criteria decision making. McGraw-Hill, 
New York

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

UNEP (2020) Get Involved: GLAM Phase 3 launch. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​l​​i​f​e​​
c​y​c​l​​e​i​n​​i​t​i​​a​t​i​​v​e​.​​o​r​g​/​​g​e​​t​-​i​​n​v​o​l​​v​e​d​​-​g​l​​a​m​-​p​h​a​s​e​-​3​-​l​a​u​n​c​h​/. Accessed 
14 June 2023

UNEP-WCMC, Capitals Coalition, Arcadis, ICF, WCMC Europe 
(2022). “Recommendations for a standard on corporate biodiver-
sity measurement and valuation.” Aligning accounting approaches 
for nature (Align) project, p 65. ​h​t​t​p​​s​:​/​​/​e​c​.​​e​u​​r​o​p​​a​.​e​u​​/​e​n​​v​i​r​​o​n​m​​e​n​t​​
/​b​i​o​​d​i​​v​e​r​​s​i​t​y​​/​b​u​​s​i​n​​e​s​s​​/​a​s​​s​e​t​s​​/​p​​d​f​/​​2​0​2​2​​/​A​l​​i​g​n​​_​R​e​p​o​r​t​_​3​0​1​1​2​2​.​p​d​f.

U.S. Environmental Protection Agency (2014). Guidelines for prepar-
ing economic analyses (partly updated). ​h​t​t​p​​s​:​/​​/​w​w​w​​.​e​​p​a​.​​g​o​v​/​​e​n​v​​
i​r​o​​n​m​e​​n​t​a​​l​-​e​c​​o​n​​o​m​i​​c​s​/​g​​u​i​d​​e​l​i​​n​e​s​​-​p​r​​e​p​a​r​​i​n​​g​-​e​c​o​n​o​m​i​c​-​a​n​a​l​y​s​e​s.

Vargas-Gonzalez M, Witte F, Martz P, Gilbert L, Humbert S, van Jol-
liet O, Zelm R, L’Haridon J (2019) Operational Life Cycle Impact 
Assessment weighting factors based on Planetary Boundaries: 
Applied to cosmetic products. Ecol Indic 107:105498. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​J​.​​E​C​O​​L​U​N​​D​.​2​0​​1​9​​.​1​0​5​4​9​8

Vásquez-Ibarra L, Rebolledo-Leiva R, Angulo-Meza L, González-Araya 
MC, Iriarte A (2020) The joint use of life cycle assessment and data 
envelopment analysis methodologies for eco-efficiency assessment: 
a critical review, taxonomy and future research. Sci Total Environ 
738:139538. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​s​c​i​​t​o​t​​e​n​v​.​​2​0​​2​0​.​1​3​9​5​3​8

Vázquez-Rowe I, Iribarren D (2015) Review of life-cycle approaches 
coupled with data envelopment analysis: launching the CFP + 
DEA method for energy policy making. Sci World J 2015:813921. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​5​5​​/​2​0​​1​5​/​8​1​3​9​2​1

Vea EB, Ryberg M, Richardson K, Hauschild MZ (2020) Framework 
to define environmental sustainability boundaries, a review of 
current approaches. Environ Res Letters 15(10):103003. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​8​​/​1​7​​4​8​-​9​3​2​6​/​a​b​a​c​7​7

Vogt Gwerder Y, Marques P, Dias LC, Freire F (2019) Life beyond the 
grid: a life-cycle sustainability assessment of household energy 
needs. Appl Energ 255:113881. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​p​e​​n​e​r​​g​
y​.​2​​0​1​​9​.​1​1​3​8​8​1

Vogtländer JG, Brezet HC, Hendriks CF (2001) The virtual eco-costs 
‘99 A single LCA-based indicator for sustainability and the eco-
costs-value ratio (EVR) model for economic allocation. Int J LCA 
6(3):157–166. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​B​F​​0​2​9​7​8​7​3​4

Weidema BP (2009) Using the budget constraint to monetarise impact 
assessment results. Ecol Econ 68(6):1591. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​
6​​/​j​.​​e​c​o​​l​e​c​​o​n​.​2​​0​0​​8​.​0​1​.​0​1​9

1 3

https://doi.org/10.1016/j.scitotenv.2020.139846
https://doi.org/10.1016/j.scitotenv.2020.139846
https://d-nb.info/136930353X/34
https://doi.org/10.1080/09535314.2014.960913
https://doi.org/10.1080/09535314.2014.960913
https://doi.org/10.1016/j.eiar.2015.01.001
https://doi.org/10.1016/j.eiar.2015.01.001
https://doi.org/10.1002/ente.201900365
https://doi.org/10.1002/ente.201900365
https://doi.org/10.1007/978-3-319-12586-2
https://www.lifecycleinitiative.org/get-involved-glam-phase-3-launch/
https://www.lifecycleinitiative.org/get-involved-glam-phase-3-launch/
https://ec.europa.eu/environment/biodiversity/business/assets/pdf/2022/Align_Report_301122.pdf
https://ec.europa.eu/environment/biodiversity/business/assets/pdf/2022/Align_Report_301122.pdf
https://www.epa.gov/environmental-economics/guidelines-preparing-economic-analyses
https://www.epa.gov/environmental-economics/guidelines-preparing-economic-analyses
https://doi.org/10.1016/J.ECOLUND.2019.105498
https://doi.org/10.1016/J.ECOLUND.2019.105498
https://doi.org/10.1016/j.scitotenv.2020.139538
https://doi.org/10.1155/2015/813921
https://doi.org/10.1155/2015/813921
https://doi.org/10.1088/1748-9326/abac77
https://doi.org/10.1088/1748-9326/abac77
https://doi.org/10.1016/j.apenergy.2019.113881
https://doi.org/10.1016/j.apenergy.2019.113881
https://doi.org/10.1007/BF02978734
https://doi.org/10.1016/j.ecolecon.2008.01.019
https://doi.org/10.1016/j.ecolecon.2008.01.019


The International Journal of Life Cycle Assessment

Authors and Affiliations

Cecilia Askham1  · Rosalie Arendt2,3 · Till M. Bachmann4 · Luis C. Dias5 · Andrea Amadei6 · Laura Scherer7 · 
Hua Qian8 · Lea Rupcic9 · Bengt Steen10 · João Santos11 · Masaharu Motoshita12 · Breno Barros Telles do  Carmo13 · 
Anders Bjørn9,14 · Ryosuke Yokoi12 · Alexis Laurent9 · Serenella Sala6 · Grzegorz Miebs15 · Christoph Koffler16 · 
Marco Cinelli17,18

	
 Cecilia Askham
cecilia@norsus.no

1	 Norwegian Institute for Sustainability Research (NORSUS), 
Stadion 4, 1671 Kråkerøy, Norway

2	 Chair of Sustainable Engineering, Technische Universität 
Berlin, Straße Des 17. Juni 135, 10623 Berlin, Germany

3	 Multidisciplinary Water Management, Faculty of Engineering 
Technology, University of Twente, Horst Complex Z223, P.O 
Box 217, 7500 AE Enschede, The Netherlands

4	 European Institute for Energy Research (EIfER) EDF-KIT 
EEIG, Emmy-Noether-Straße 11, 76131 Karlsruhe, Germany

5	 Centre for Business and Economics Research (CeBER), 
Faculty of Economics, University of Coimbra, Avenida Dias 
da Silva 165, 3004-512 Coimbra, Portugal

6	 European Commission, Joint Research Centre (JRC), Ispra, 
Italy

7	 Institute of Environmental Sciences (CML), Leiden 
University, Einsteinweg 2, 2333 CC Leiden, The Netherlands

8	 ExxonMobil Biomedical Sciences, Inc, Spring, TX  
77389, USA

9	 Section for Quantitative Sustainability Assessment, 
Department of Environmental and Resource Engineering, 
Technical University of Denmark, Anker Engelunds Vej 101, 
2800 Kongens Lyngby, Denmark

10	 Chalmers University of Technology, 412 96 Gothenburg, 
Sweden

11	 Department of Civil Engineering & Management (CEM), 
Faculty of Engineering Technology, University of Twente, 
PO BOX 217, 7500 AE Enschede, The Netherlands

12	 National Institute of Advanced Industrial Science and 
Technology (AIST), 16-1 Onogawa, Tsukuba,  
Ibaraki 305-8569, Japan

13	 Industrial Engineering Department, Federal University of 
Ceará, Campus Do Pici, Bloco 735, 60.440-900, Fortaleza, 
CE, Brazil

14	 Centre for Absolute Sustainability, Technical University of 
Denmark, Kongens Lyngby, Denmark

15	 Institute of Computer Science, Poznan University of 
Technology, Piotrowo 2, 60-965 Poznań, Poland

16	 Sphera Solutions, Inc, Chicago, USA
17	 Decision Engineering for Sustainability and Resilience 

Laboratory, Leiden University College, Leiden University, 
Anna Van Buerenplein 301, 2595 DG The Hague, The 
Netherlands

18	 Institute of Environmental Sciences (CML), Faculty of 
Science, Leiden University, P.O. Box 9518, 2300 RA Leiden, 
The Netherlands

1 3

http://orcid.org/0000-0001-6867-4536

	﻿Review of weighting methods for life cycle impact assessment under GLAM
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Approach
	﻿﻿2.1﻿ ﻿Identification of existing methods
	﻿﻿2.2﻿ ﻿Review classifiers and criteria

	﻿3﻿ ﻿Results and discussion
	﻿3.1﻿ ﻿Strengths, weaknesses, domains of applicability and implementation requirements
	﻿3.1.1﻿ ﻿MCDA methods
	﻿3.1.2﻿ ﻿Monetary methods
	﻿3.1.3﻿ ﻿Data-driven methods
	﻿3.1.4﻿ ﻿Distance-to-target methods


	﻿3.2﻿ ﻿Classification results
	﻿3.3﻿ ﻿Criteria results
	﻿﻿4﻿ ﻿Method selection tool
	﻿5﻿ ﻿Concluding remarks
	﻿6﻿ ﻿Outlook
	﻿References


