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Abstract 

Sustainability has been recognized, when facing multifaceted decision and policy 
making processes, as a discipline that broadens the scope under which issues are 
taken into account. This is considered important given the complex and 
interrelated challenges faced by societies nowadays. However, it has been found 
in literature that the sustainable approach still has several obstacles to tackle, 
from the weakening of its discourse to the lack of real influence and low 
consensus on its meaning and practice. To reinforce the operational side of 
sustainability, several methodologies have been designed and implemented over 
the years with two main shortcomings: an inability to assess sustainability issues 
as a whole and more specifically, a lack of practical steps that can be included on 
a day-to-day basis. Integrated assessment emerges as a possible way to 
summarize the complexity of studying issues from a broader perspective but it is 
applied in different ways with diverse outcomes that require careful examination. 
These outcomes are compared by analyzing four integrated assessment tools: life 
cycle assessment, cost-benefit analysis, stakeholder analysis and multiple scale 
integrated analysis of societal and ecosystem metabolism. The aim is to observe 
and determine the degree to which they contribute to the consolidation of the 
sustainable approach and how they support decision-making processes. It is 
intended that this exercise help build a diverse yet deep common base for further 
conversation that will facilitate the process of searching and selecting 
alternatives to drive socio-ecological systems towards a more sustainable future. 
Keywords: sustainable approach, consolidation of sustainability, integrated 
assessment, policy making, decision-making. 
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1 Introduction 

Narrowly described as covering present needs without compromising those of 
the future [1], sustainability has become an important pillar when facing 
development issues. The present twofold scenario with climate change and 
scarcity on the environmental side and, conflicts related to inequalities and 
economic crisis on the socioeconomic one, makes it even more imperative that 
we consider equity between and within generations in order to achieve more 
sustainable cycles of human progress [2]. As awareness of resource scarcity 
grows, tools and methods for determining the best way to use them are needed. 
     However, there is no one or best way but several ones with different 
implications and consequences making the task much more complex. Success is 
not achieved by simply incorporating a sustainable approach into processes 
where many different interests and goals are at work. Missing still are the 
practical steps to actually address real issues. Searching for means to integrate 
sustainability into the processes that lead to real-world actions is necessary so 
that sustainable principles can drive actions that will result in more consistent 
decisions, policies and a more balanced development. 

1.1 Measuring sustainability 

Long has been discussed how measurement methodologies contribute to 
sustainability [3]. Some consider measuring the immeasurable as a way to 
market natural and social goods and services so that they can be traded like any 
other product [4, 5], while others see that sustainability needs to be evaluated in 
order to simplify its complexity and generate more accurate assessments [6, 8].  
     While both considerations have pros and cons, sustainability as a discipline 
still needs to reinforce its operational side. There is a lack of consensus on its 
definition and practice, showing contradictions between its conceptual and 
normative conception. The interdisciplinary and diverse conceptualization of 
sustainability contrasts with its more reductionist practice related to predictive 
statistics [9]. This contrast has a dual effect: on one hand it gives a broader 
spectrum for sustainability to be applied in different fields [10, 11]; while on the 
other, makes it harder to get reliable, provable results and therefore receive 
consideration as a scientific approach [12, 13].  
     Methods that are used to assess sustainability issues have different outputs 
which are the result of different ways of understanding and applying sustainable 
parameters and principles. Thus, the challenge of dealing with diverse, non-
quantifiable and even incomparable variables should be taken into account when 
evaluating socio-ecological systems [12].  

1.2 Aims and objectives 

The present article analyses four tools to identify how they enable the integrated 
assessment of sustainability and how they influence decision-making processes. 
     After beginning with an introduction to sustainability measure, followed by 
the aims and objectives of the paper, section two briefly presents the 
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implemented overall methodology, the selected approach and its justification. 
Section three overviews the integrated assessment of sustainability and its role in 
policy design and decision making processes by reviewing four commonly used 
tools in order to identify how they work and what are the needs and possible 
pathways to help in the consolidation of the sustainable approach. Section four 
discusses the results which are then followed up by some conclusions. 

2 Methodology 

Integrated assessment has emerged as a way to account for goods and services 
usually overlooked by the conventional conception of value. It also considers 
important aspects of sustainability such as ecological and social justice [6, 14] 
and adds them to the search for efficiency. This approach is based on the value of 
biodiversity and the other factors that provide services needed for human kind 
within an ecosystem [15], observing that the real sources of wealth are the 
biosphere and the social dynamics that occur within it. Therefore, even if they 
are outside the market, these are the real sources of value [16]. 
     There is a great difficulty in managing something without valuing it first [17]. 
Before this, as stated by Meadows “we measure what we value, but we also get 
to value what we measure” [18]. Sustainability assessment can help make people 
conscious of values invisible to market-oriented economics, considering more 
than just profit when making daily life decisions that can dictate the pace at 
which a society develops. It also strengthens social capital, reduces the degree of 
dependence on the exterior and helps to cope with external forces such as climate 
change, top-bottom policies or economic crisis [19]. 

3 Integrated assessment, policy design and decision-making 
processes 

The actual state of sustainability assessment is characterized by the existence of 
several tools and methods carried out by different users with diverse 
backgrounds and purposes. There are as many sets of sustainability indicators as 
organisms and research groups that develop and implement those sets [13], 
showing the low level of commonality that is rooted in the lack of consensus on 
the very concept of sustainability [20, 21]. 
     It should be noted that integrated assessment methods are the function of the 
adopted vision of sustainability and this determines the kind of policies and 
actions derived from these methods. Therefore, the degree to which these 
exercises actually contribute to sustainability depends on the goals and agendas 
of researchers and their vision of sustainability.  

3.1 Policy and decision-making 

While making decisions, policy makers try to undertake complex issues related 
to sustainability with certain standards. Meanwhile, governments must negotiate 
with different actors that have different perceptions of a problem. Along the 
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process, the challenge is to find a balance between getting enough support from 
the parties involved and achieving goals [22]. 
     Decision theory gives three different ways of making decisions according the 
level of definition and understanding of the process: structured, semi-structured 
and unstructured [23]. The majority of environmental and social policy decision-
making processes tend to be unstructured and interrelated. However, they are 
treated separately by researchers as can be inferred by the methods they 
implement, in contrast with the broadly accepted socio-ecological system [24]. 
These are the reasons for studying how integrated assessment can enhance and 
facilitate decision-making processes, which in turn contributes to catalyze efforts 
towards sustainability. 

3.2 Methods 

Selected tools, as seen in Figure 1, are in accordance with the three main 
dimensions of sustainability. Hence it is possible to compare the way in which 
they actually contribute to the consolidation of sustainability as a whole and to 
each one of its branches. The focus here is directed on how integrated assessment 
provides useful information and enhances decision-making and policy design 
processes as an indicator for strengthening the sustainable approach. 
 

Environmental

Social

Integration

Economic

Life cycle 
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Adjacency 
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MUSIASEM

Cost‐benefit

 

Figure 1: Selected integrated assessment tools. 

     With many possible options, selected methods may not be the most 
representative in some aspects, but regarding the objectives of the present paper 
they were considered as suitable because they allow both quantitative and 
qualitative analysis. Some have an explicit integrated perspective while others 
can be implemented in ways that provide a more holistic view. 

3.2.1 Life cycle methodologies  
Over the last 20 years, life cycle methods have become part of the most popular 
environmental assessment tools for evaluating and describing environmental 
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effects caused by products, processes or activities [25]. Life cycle assessment 
(LCA) is the basic tool among them and it is defined as the analysis of the 
processes of extraction, use, recovery, emissions and waste generation of a 
product or service [26]. There are other life cycle methods that complement this 
scope such as: social life cycle assessment, which includes effects on poverty 
levels; life cycle costing, accounts the monetary costs or benefits to a defined 
stakeholder; and life cycle sustainability assessment (LCSA), that analyses the 
extent to which the life cycle of a product affects the meeting of needs for both 
present and future generations.  
     Interest is placed on how life cycle methods can be used to assess 
sustainability while aiming for simplicity. LCSA is the most adequate method 
for it focuses on whether a product is sustainable or not in terms of how its life 
cycle affects the environment, the levels of poverty among current generations 
and stock changes for future ones [27]. Helps to visualize what the production 
and consumption model that prevails globally involves. However, it has a high 
data requirement and has low incidence in policy developing for the difficulty to 
communicate its results. It is a business-oriented method that focuses on the 
ecological sphere still lacking a full incorporation of sustainability [28].   

3.2.2 Cost-benefit analysis  
Among the most commonly used economic evaluation tools, the cost-benefit 
analysis (CBA) focuses on assessing whether a program, policy or a specific 
investment is financially viable. Therefore, it is useful for determining if benefits 
can outweigh costs and expresses both the negative as well as the positive effects 
a certain action can produce in monetary terms [22]. 
     CBA consists of the identification and economic valuation of current and 
future costs and benefits of a project; determining the rate of discount; time 
horizon fixation; developing one or more methods to bring the costs and benefits 
to present values; and estimating the relationship between the costs and benefits 
[29, 30]. It uses mechanisms such as grants and subsidies accounting or shadow 
prices to correct market errors [31]. Usually such studies are used in project 
evaluation and are typically expressed in terms of the willingness to pay for a 
specific good or service (consumer preferences).  
     The major strength of CBA is that it enables the evaluation of different 
outcomes by translating them into monetary units. Therefore, tangible and 
intangible, direct and indirect costs and benefits can be assessed in one single 
analysis. Here is where the integrated character of this instrument is shown.  
     However, this same strength has been considered the weakest point of CBA. 
The reason is that by adopting a unidirectional approach with a single criterion 
assuming all things involved as commensurable, it is impossible to accurately 
reflect the complexity of interrelated systems, such as socio-ecological systems 
[32]. The difficulty of measuring and monetizing some aspects can lead to its 
disregard.  

3.2.3 Stakeholder analysis 
Stakeholder analysis enables the identification of the group or network existing 
regarding a specific issue, to face multiple interests and goals when making 
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decisions or developing policies. It has evolved from its political economy and 
business management background to include fields such as decision theory, 
multiple criteria analysis and social participatory approaches [33]. 
     This method helps to understand how a system works while assessing how 
changes can affect the system. The latter is achieved by the identification of key 
actors, their interests and perspectives at different levels aiming to understand 
interactions within development and environmental issues. 
     One of the methods in stakeholder analysis is the matrix of asymmetric 
adjacency. It consists on the identification of main social actors within the 
analyzed socio-ecological system and is based on the perspective provided by the 
stakeholder according to the intensity and nature of the interaction with other 
actors. Reflects the nature of relationships between actors represented by 
assigned values that show the degree of interaction, whether it is positive or 
negative, etc. Also, ranges are established in terms of the intensity of the 
interaction between actors and the particular system in the studied area, 
identifying groups whose decisions and actions directly affect the local 
ecosystem and that in turn, are affected by how the ecosystem is managed [34].  
     Stakeholder analysis works as a practical methodology to identify solutions 
and design policies; it offers a holistic view, can be applied to different subjects 
and consumes relatively low quantities of time and resources. However, it has 
some limitations in providing practical answers and does not ensure a strong 
participation of involved actors [22].  

3.2.4 Multiple scale integrated analysis of societal and ecosystem 
metabolism (MuSIASEM) 

The MuSIASEM method arises from the concern of information transfer 
between levels when facing multiple scales and dimensions in complex 
interrelated issues, where usual quantitative tools are found to fail. It responds to 
the question of how to assess complexity by adopting a holistic metabolism 
approach of the socioeconomic and ecological systems [35]. 
     The metabolism of energy and material flows is analyzed following the 
semantic criterion of fund and flow elements. Fund elements show the 
characteristics of the system and are to be sustained; flow elements refer to the 
functions of the system and interact with the studied context.   
     The strength of MuSIASEM is its integrated nature. It also provides 
qualitative and quantitative information about the functioning of a system.  
     Some weaknesses are also to be found. The social dimension is not fully 
addressed focusing on labor force and household consumption and there is no 
explicit incorporation of a participatory approach. Second, its descriptive nature 
makes it difficult to enhance sustainability related decision making and policy 
design processes. Third and last, it is found to be highly time consuming. It 
should be stated that these limitations have been partially addressed in a poverty 
analysis study case [36] and more explicitly by Serrano-Tovar and Giampietro 
[37] where they propose a multiple source assessment in a rural environment, 
with a bottom-up approach gathering local data from farmers and a top-down 
using national statistics. 

398  Ecosystems and Sustainable Development X

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and The Environment, Vol 192, © 2015 WIT Press



4 Discussion of the results 

The previous analysis has shown that integrated assessment can contribute in 
different ways to sustainability and give different inputs that can be helpful for 
decision makers. In this section, results are observed in terms of how the selected 
methods enhance sustainability and decision making processes. 
     The selected methods were ranked following the sustainability weak or strong 
categories (see Table 1) that have been broadly implemented among consulted 
literature [8, 34, 38, 40]. Weak sustainability methods take into account terms 
and values that follow a standardized view of sustainability due to its translation 
into monetary terms [4, 40, 41]. Strong sustainability methods are those who 
adopt a broader scope that approaches to an interdisciplinary and systemic view 
of nature, society and also the economy [8, 34, 38, 39]. 

Table 1:  Analysis of selected methods in terms of their contribution to 
consolidate sustainability. 

Method
Main consulted 
authors 

Approach / 
Case

Contribution to 
sustainability

Input for decision 
making processes

Life cycle 
methods

Jones, Rose and Tull 
2011
Jørgensen, Herrman & 
Bjørn 2013
Klöpffer 1997 
Shields et al. 2011

Environmental 
engineering & 
assessment; 
Policy making.

Medium.- business 
oriented; main focus 
on the environmental 
dimension; lack of 
consensus regarding 
relation to 
sustainability. 

Visualization of 
production-
consumption model; 
internalization of 
associated costs; 
difficulty to 
communicate 
results.

Cost-benefit

Cordero et al. 2006
Falconí & Burbano 2004
Munda, 1995
Runhaar, Dieperink & 
Driessen, 2006

Ecological 
Economics; 
Watershed case 
study.

Weak.- centered on 
monetary values; 
commensurability 
issues. 

Useful and clear 
results; better if 
complemented to 
broaden the scope.

Stakeholder 
analysis 

Grimble & Wellard 1997
Rescia et al. 2008
Runhaar, Dieperink & 
Driessen, 2006

Socio-ecological 
system; 
Decision 
making; Rural 
landscape case 
study.

Strong.- captures 
traditional, cultural, 
economic and natural 
values.

Practical method; 
enables 
identification of 
solutions; offers a 
holistic view.

MuSIASEM

Giampietro, Mayumi & 
Ramos-Martin 2009
Madrid, Cabello & 
Giampietro 2013
Serrano-Tovar & 
Giampietro 2014

Socio-ecological 
system; 
Complexity; 
social 
metabolism.

Strong.- provides an 
integrated scope; 
includes quantitative 
and qualitative 
information; adaptive 
capacity.

Descriptive method; 
provides robust 
information; holistic 
view on how the 
system is 
functioning. 

 
 
     Table 1 classifies the four selected methods and main consulted authors, the 
kind of approach or application of the assessment, followed by the assessed 
grade of contribution to the consolidation of sustainability and the input for 
decision making processes that the instrument provides. 
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     Life cycle methodologies are among the environmental engineering 
assessment instruments. They are considered to have a medium grade of 
contribution to sustainability due to their business orientation and focus on 
environmental impacts. Many other factors than the supply chain are involved 
[28], however this is partially addressed by LCSA. As for their input to decision 
making, these methods have relatively low incidence due to the difficulty in 
communicating their results. Even so, it is a recognized framework for studying 
the impacts of productive systems on the environment. [28]. 
     CBA is an economic instrument with an ecological economics approach. It is 
considered to have a weak contribution to sustainability mostly because of the 
implication of commensurability, implying that environmental or social services 
and goods can be substituted just like market ones. Notwithstanding its clear 
results when facing decision making processes, if benefits exceed costs, losses 
can be easily compensated by other means such as economic payments [31, 42, 
43]. CBA is still an important part of integrated assessment due to the ease of 
communication (everyone understands “money talk”) and inputs for scenario 
building [44]. Researchers state that sustainability-related issues must be 
assessed by hybridizing different knowledge areas and values [9, 45]. 
     Stakeholder analysis accounts for the socio-ecological system approach and is 
strongly related to decision making processes. It has a strong contribution to the 
sustainable approach because it ponders diverse values such as traditional, 
cultural and natural ones. It also accounts for economic values, but enables the 
determination of common values and goals [22, 46]. Social learning tools can be 
incorporated for more solid outcomes [47, 48]. 
     MuSIASEM has a complex socio-ecological system approach. Its integrated 
scope provides a strong contribution to sustainability analysis. It includes both 
quantitative and qualitative data and its adaptive nature gives flexibility to the 
methodology which in turn suits the nature of sustainability [35, 37, 49]. As for 
the inputs for decision making, they seem more blurry due to its descriptive 
character and the much needed experts throughout the analysis. Nevertheless it is 
important to account that this analytic tool provides an almost exhaustive view of 
the way a system functions [50]. 

5 Conclusions  

More than focusing on a general consensus as normally understood, what is here 
acknowledged is that efforts must be directed to broaden the scope under which 
sustainability is implemented. The idea is not to create a best-way to analyze and 
respond to sustainability related issues, but to build a diverse yet deep network 
that acts as a common base for further development. 
     Integrated assessment has been largely implemented as shown in the literature 
for analyzing sustainability. Each application has a specific knowledge 
background that determines the kind of approach and the degree of importance 
given to sustainability. They also generate different inputs for decision making 
that can be more or less useful for enhancing these processes by communicating 
results and providing robust information for stakeholders to allow for. 
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     Especially when related with complex issues that involve multiple scales and 
dimensions, integrated assessment is key to help decision makers find 
alternatives. In this sense, examples that are found to have a greater contribution 
to the sustainable approach provide a broader scope to analyze these alternatives 
in a systemic way so as to make better informed decisions. Although this can 
have an impact on the complexity of the decision making processes, it is worth 
the trade-off in order to be able to achieve more sustainable solutions. 
     The integration of the sustainable approach is still weak among the reviewed 
assessment tools. This is shown in the fact that environmental issues dominate 
over the more intangible social and institutional issues. Efforts are already being 
made towards this matter as shown by the social life cycle assessment, life cycle 
sustainability assessment and the execution of cost-benefit analysis as a 
complimentary device. However, stakeholder analysis and MuSIASEM are the 
examples that incorporate sustainability in a broader sense among the studied 
integrated assessment tools and if combined their performance could be even 
more useful for decision-makers. 
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