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Abstract  
 

The current work is a theory-oriented research that tries to address a theoretical discussion on 

sustainability analysis of complex systems by using SD methodology and MuSIASEM in an evaluative 

exercise. MuSIASEM as one of the latest frameworks developed for a bio-economic analysis is tested 

using SD methodology in order to assess its applicability for dynamic systems analysis. Three 

modeling exercise were performed under MuSIASEM theoretical guidance and following SD 

principles.  An appraisal of the compatibility and feedback learning of the combination of both is 

developed in the light of further energy studies for sustainability, having special focus on the 

dynamic component of any sustainability assessment.  

 

Key words:  sustainability, energy analysis, system dynamics, bio-economic assessment,  MuSIASEM 
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Chapter 1 

Introduction  
The acknowledgment of biophysical limits is fundamental to understand how socio-ecological 

systems work, for risk avoidance and sustainability applications. Although these concerns are not 

new (i.e. Vernadskii 1826; Meadows, Randers & Meadows, 1972) the dominant scientific narratives, 

mainly economic, for decades have reproduced a paradigm that neglects feedback processes 

between institutional systems and nature. 

One of the latest frameworks developed for a bio-economic analysis is the Multi-Scale Integrated 

Analysis of Societal and Ecosystem Metabolism (MuSIASEM). This approach explains how it is 

possible to study the feasibility, viability and desirability of transitions (adjustments) to what they call 

the άsocietal metabolism patternέ ƻŦ ŀ ǎƻŎƛŜǘȅ ƎƛǾŜƴ ǘƘŜ interconnected dynamics between societal 

functions, standards of living, population size, energy use, natural funds, among many other factors. 

The validity of a scientific framework is an important condition for its usefulness.  This research 

project is dedicated to testing the validity of MuSIASEM from a System Dynamics (SD) perspective, in 

the light of possible applications for sustainability assessments. 

The organization of the chapters is the following: Chapter 1 contains the introduction, purpose of the 

research, research objective and research questions. Chapter 2 briefly reviews the challenges of 

energy analysis, sustainability assessments for socio-ecological systems, plus the use implications for 

MuSIASEM and SD. Chapter 3 will be dedicated to the explanation of the MuSIASEM framework. 

Chapter 4 contains the results and explanation of the first modeling exercise developed in order to 

test the framework from an SD perspective. This modeling exercise corresponds to an analysis on the 

energy use of Argentina from 1990-2007, developed using MuSIASEM and published in the 

international journal Energy in 2011. 

Chapter 5 contains two other modeling exercises developed with synthetic data on key points 

addressed by MuSIASEM. This time, the modeling exercises were guided directly by the literature 

outlining the framework. The modeling process results, and the critical points of the structural and 

behavior tests developed to make these exercises, are explained.  

Chapter 6 contains reflections on the validity of MuSIASEM from a SD perspective and as a 

sustainability assessment framework, whether MuSIASEM and SD can be compatible according to SD 

principles, how SD can improve the understanding of an integrative systemic analysis for 

sustainability, SD proposals to MuSIASEMΩǎ άǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŎƘŜŎƪǎέ ŀƴŘ the constrains of both 

frameworks. 

Chapter 7 has conclusions on the relevance of MuSIASEM in regard to its current applications, a 

critical appraisal of MuSIASEM as a narrative for sustainability, its capacity to be used to build models 

and replicate results from its applications, proposals for the further development of MuSIASEM 

attained using SD methodology in order to overcome specific limitations, and agenda for further 

research. 
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Purpose of the research   
Current world problems are a result of a complex interconnected network of different natural and 

human-created processes. New scientific narratives and tools are required to integrate system 

understanding in a coherent way system and make strategic actions. MuSIASEM was only recently 

developed, but is already considered by scientific journals, governments and international 

organizations1 as a way to develop energy analyses and sustainability assessments that link the 

internal and external constrains of the system to which human society belongs to. On the other 

hand, it has been claimed that SD methodology has the capacity to aid the decision-making processes 

within dynamic systems, by improving system understanding through simulation research that 

provides for the development and testing of policies. Both seem promising for sustainability 

assessments and proposals for practical solutions. 

The current work is theory-oriented research that tries to address the theoretical discussion of 

Ψsustainability analysis of complex systemsΩ by using SD methodology and MuSIASEM in an evaluative 

exercise. An appraisal of the compatibility and feedback learning of a combination of both is sought 

in the light of further energy studies for sustainability, having a special focus on the dynamic 

component of any sustainability assessment.  

Research objective   
Test the validity of MuSIASEM to the extent that it provides a consistent systemic view applicable for 

dynamic systems analysis, from a SD perspective, and find out whether SD can improve its approach 

to sustainability assessments. 

CƻǊ ǘƘƛǎ ǇǳǊǇƻǎŜΣ ŀ ǎǘǳŘȅ ƻŦ aǳ{L!{9aΩǎ ǉǳŀƭƛǘŀǘƛǾŜ ŀƴŘ ǉǳŀƴǘƛǘŀǘƛǾŜ ŎƻƳǇƻƴŜƴǘǎ ǿŀǎ ǊŜǉǳƛǊŜŘ ƛƴ 

order to examine it as a narrative and analysis method able to sustain2 the conceptualization, 

characterization and formulation stage of a SD model. The three modeling exercises performed to 

test MuSIASEM are the following: 

a) ArgentinaΩǎ energy use from 1990 to 2007. This modeling exercise and the data required 
was based on the study of an application case of the MuSIASEM methodology contained in 
ǘƘŜ ŀǊǘƛŎƭŜ ǇǳōƭƛǎƘŜŘ ƛƴ ǘƘŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƧƻǳǊƴŀƭ 9ƴŜǊƎȅ άGoing beyond energy intensity to 
understand the energȅ ƳŜǘŀōƻƭƛǎƳ ƻŦ ƴŀǘƛƻƴǎΥ ¢ƘŜ ŎŀǎŜ ƻŦ !ǊƎŜƴǘƛƴŀέ ōȅ aŀǊƛƴŀ wŜŎŀƭŘŜ ŀƴŘ 
Jesus Ramos Martin (2011) 

 
b) Human Activity and Dynamic Energy budget models. The model building process was 

mainly based from the literature of the book ά9ƴŜǊƎȅ !ƴŀƭȅǎƛǎ ŦƻǊ ŀ {ǳǎǘŀƛƴŀble Future: Multi-

ǎŎŀƭŜ ƛƴǘŜƎǊŀǘŜŘ ŀƴŀƭȅǎƛǎ ƻŦ ǎƻŎƛŜǘŀƭ ŀƴŘ ŜŎƻǎȅǎǘŜƳ ƳŜǘŀōƻƭƛǎƳέ όDƛŀƳǇƛŜǘǊƻ Ŝǘ ŀƭΦ нлмоύ and 

the publication by the Food and Agriculture Organization from United Nations ά!ƴ LƴƴƻǾŀǘƛǾŜ 

Accounting Framework for the Food-Energy-Water Nexus: Application of the MuSIASEM 

approach to three case studiesέ ǇǳōƭƛǎƘŜŘ ƻƴ hŎǘƻōŜǊ нлмоΦ ¢ƘŜǎŜ ǘǿƻ ƳƻŘŜƭƛƴƎ ŜȄŜǊŎƛǎŜǎ 

were performed on the key issues addressed by MuSIASEM. Synthetic data was used to run 

the models. 

                                                           
1
 MuSIASEM has been recently used by international entities such as the Food and Agriculture Organization of 
¦ƴƛǘŜŘ bŀǘƛƻƴǎΣ 9ŎǳŀŘƻǊǎΩ ƎƻǾŜǊƴƳŜƴǘ ŀƴŘ ǘƘŜ wŜǎŜŀǊŎƘ Centre Institute for Environment and Sustainability 
from the European Comission as a tool to improve public policy. It has also provided content to several book 
publications and articles in scientific journals such as Energy on the framework and its applications.  
2
 Sustain, interpreted as: give support and meaning to a process or action. 
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The analysis of these modeling exercises from a SD perspective will be grounded on the following 

tests:  1) Structure test: boundary and snapshots in order to evaluate the congruence of MuSIASEM 

as a framework for system analysis with SD models and gain SD insights. 2) Behavior test: in order to 

test the logical behavior of the model developed and the coherence of the results with what the 

framework is claiming to analyze for a sustainability assessment.  

Research questions   
1) Is MUSIASEM a framework able to sustain SD modeling exercises? What are the compatibilities 

and incompatibilities between both?  

2) What are the possibilities of SD improvements to MuSIASEM for sustainability assessments from a 

dynamic perspective?  

 

Research strategy and analysis procedure  
Case study with inductive approach and documentary analysis 

As long as the goal of the current project is to analyze the validity of MuSIASEM from a SD 

perspective, this research possesses a strong explanatory character. In order to analyze its validity, it 

is fundamental to understand integrally the way MuSIASEM is written as a narrative, its tools and its 

purpose. This will be only provided through the scrutiny of the literature published on the 

framework. The method used to analyze its validity will be System Dynamics, which provides 

qualitative and quantitative components to the analysis especially at the moment of performing the 

model building exercises; therefore, the present research project has a mixed method approach, 

qualitative and quantitative, in order to get a more complete understanding on a pragmatic 

knowledge claim case.     

There are two main types of information required: 

1) Secondary sources, text material sources, especially text from scientific journals and books. The 

secondary data will be gathered through documentary, archival and electronic research. 

The main literature revised to study MuSIASEM were the following: 

V Giampietro, M. et al. (2013). Energy Analysis for a Sustainable Future: Multi-scale integrated 

analysis of societal and ecosystem metabolism. Routledge. 

V Giampietro, M. et al. (2012). The Metabolic Pattern of Societies: Where Economists Fall 

Short. Routledge. 

V Sorman A.H. & Giampietro, M. (2013). The energetic metabolism of societies and the 

degrowth paradigm:  analyzing biophysical constraints and realities. Journal of Cleaner 

Production, 38:80-93. 

V Giampietro, M. & Mayumi, K. (2000). Multiple-scales integrated assessments of societal 

metabolism: Integrating biophysical and economic representations across scales. Population 

and Environment 22 (2): 155-210 

Regarding the SD literature, some sources studied for this research belong to literature on validation 

testing in modeling exercises and on the critical use of SD as a perspective of analysis: 
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V aŜŀŘƻǿǎΣ 5Φ IΦ ϧ wƻōƛƴǎƻƴΣ WΦ όмфурύΦ ά¢ƘŜ 9ƭŜŎǘǊƻƴƛŎ hracle: Computer Models and Social 

Decisions.  John Wiley & Sons, Chichester. 

V aŜŀŘƻǿǎΣ 5Φ IΦ όмфтфύΦ ά¢ƘŜ ǳƴŀǾƻƛŘŀōƭŜ ŀ ǇǊƛƻǊƛΣέ 9ƭŜƳŜƴǘǎ ƻŦ ǘƘŜ {ȅǎǘŜƳ 5ȅƴŀƳƛŎǎ 

Method, ed. J. Randers, MIT Press, Cambridge MA. 

V ½ƻŎƪΣ !Φ όнллпύΦ ά! ŎǊƛǘƛŎŀƭ ǊŜǾƛŜǿ ƻŦ ǘƘŜ ǳǎŜ of systems dynamics for organizational 

Ŏƻƴǎǳƭǘŀǘƛƻƴ ǇǊƻƧŜŎǘǎέΦ 5ŜǳǎǘŎƘŜ [ǳŦǘƘŀƴǎŀΦ!DΣ CǳǘǳǊŜ 9ǳǊƻǇŜŀƴ ƻǇŜǊŀǘƛƻƴǎΣ DǊƻǳƴŘ ŀƴŘ 

Inflight Processes, Lufhansa Basis, Pp. 1-29 

V Barlas, Y. (1989) Multiple tests for validation of system dynamics type of simulation models. 

European Journal of Operational Research 42: 59-87 

On Sustainability and Complex system some of the literature revised is the following: 

V /ƻƴǎǘŀƴȊŀ Ŝǘ ŀƭΦ όмффоύΦ έaƻŘŜƭƛƴƎ /ƻƳǇƭŜȄ 9ŎƻƭƻƎƛŎŀƭ 9ŎƻƴƻƳƛŎ {ȅǎǘŜƳǎέ !ƳŜǊƛŎŀƴ 

Institute of Biological Sciences Stable, BioScience Vol. 43(8): 545-555  

V 5ŀƭȅΣ IΦ όмффлύΦ ά¢ƻǿŀǊŘ ǎƻƳŜ ƻǇŜǊŀǘƛƻƴŀƭ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘέΦ 9ŎƻƭƻƎƛŎŀƭ 

Economics 2:1ς6.  

V Goodland, R. (1995). The concept of environmental sustainability. Annu Rev. Ecol Syst 1995 

(26):1-24 

V M9!5h²{ όмффуύΦ άLƴŘƛŎŀǘƻǊǎ ŀƴŘ LƴŦƻǊƳŀǘƛƻƴ {ȅǎǘŜƳǎ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘέΦ ! 

Report to Balloton Group. 

2) The information to run the first simulation exercise corresponds to the information provided in the 

referenced article from which the analysis was based. The other two simulation models required 

synthetic data for two reasons a) being that no dynamic model has been developed using MuSIASEM 

and no application case that could provide enough data to compare was available b) the purpose of 

the modeling exercises are to test the validity of the framework from a SD perspective, therefore the 

explanatory capacity of how MuSIASEM works and whether it can sustain a modeling exercise is what 

is sought. 
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Chapter 2 

 

Multi -Scale Integrated Analysis of Societal and Ecosystem Metabolism 

(MuSIASEM) framework and System Dynamics (SD) Methodology 

implications for a sustainability assessment  
 

ά/ƻƳǇƭŜȄƛǘȅ ŀƭǎƻ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǉǳŜǎǘƛƻƴ ȅƻǳ ŀǎƪέ 
Timothy Allen3 

 

 

  

                                                           
3 Professor of Botany and Environmental Studies from Wisconsin University. 

 Leader in the fields of hierarchy theory, systems theory, and complexity. 
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Multi -Scale Integrated Analysis of Societal and Ecosystem Metabolism 

(MuSIASEM) framework and System Dynamics (SD) Methodology 

implications for a sustainability assessment  

 

Complex systems and sustainability  
The acknowledgment of biophysical limits is fundamental to understand how socio-ecological 

systems work, for risk avoidance and sustainability applications. Although these concerns are not 

new (i.e. Vernadskii 1826; Meadows, Randers & Meadows, 1972) the dominant scientific narratives, 

mainly economic, for decades have reproduced a paradigm that neglects feedback processes 

between institutional systems and nature. 

Folke et al. (2002) points out two fundamental errors when dealing with environmental issues. The 

first is the consideration of linear, predictable and controllable ecosystem responses to human 

action, second, the idea that human and ecosystem spheres can be treated separately. The 

conceptual integration of natural and social systems is called socio-ecological systems. These systems 

act in non-linear ways, are strongly coupled and possess thresholds in their dynamics. Different kinds 

of elements (biophysical, social, economic, geographic, cultural) have to be considered for the 

analysis of these systems.  

5Ŝƴƴƛǎ aŜŀŘƻǿǎ ǎǘŀǘŜŘ ƛƴ нлмн ŘǳǊƛƴƎ ǘƘŜ ŎƻƴŦŜǊŜƴŎŜ άIs it too late for sustainable developmentΚέ 

organized by New Economic Thinking Institute at Oxford University that there are more than 100 

definitions of sustainability, which makes the concept meaningless. He specifically critiques 

assessments for sustainability based solely on economics. Since the characteristics of ecological 

system cannot be explained and studied just by monetary evaluations, a biophysical analysis is 

needed instead. Ecological economics came to be a new branch under which this complementary 

ǎǘǳŘȅ ŎƻǳƭŘ ōŜ ŘƻƴŜΦ CƻǊ ŜȄŀƳǇƭŜΣ 5ŀƭȅΩǎ όмффлύ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛǘ ƛǎ ōŀǎŜŘ ƻƴ ŀ 

biophysical perspective of 3 different things: i) renewable resources: the rate of harvest should not 

exceed the rate of regeneration, 2) pollution: the rate of waste generation should not exceed the 

assimilative capacity and 3) nonrenewable resources: their depletion should require comparable 

development of renewable substitutes for those nonrenewable resources. Goodland (1995) divides 

sustainability into three main dimensions: economic, social and environmental, he considered a 

sustainable state without the integration of these dimensions could not be reached. Nevertheless, 

this three-category division exemplifies the bounded disciplines from where decisions and policies 

are made. Several authors divide sustainability into two visions i) the weak sustainability paradigm: 

where it is considered that human capital can replace ecological services and natural resources and 

ii) the strong sustainability paradigm that considers environment, nature and its ecological functions 

cannot be reproduced by mankindΩǎ industrial or other processes (Ayres et al. 1998., Martinez- Allier, 

1995., Turner, 1992., ). Specifically, primary energy sources cannot be reproduced according to 

thermodynamic laws, i.e., the cycle of water cannot be controlled by human technology (controlling 

around 16 terawatts of energy) because it uses 35,000 ς 44,000 terawatts of solar energy 

(Giampietro et al., 2011).   

Costanza (2012) states a comprehensive understanding of linked systems requires the synthesis and 

integration of several different conceptual frameworks. Former definitions are already expressing a 
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notion of sustainability that has to deal with the complexity of the nature processes linked to human 

intervention in a determined space. The complexity notion emerged in the 60s, and it refers to a 

condition where there are multiple connections among different scales or hierarchies in a system, 

sharing at the same time, feedback processes of elements within scales, structure driven pattern 

emergence and unpredictable change regarding initial conditions (Waldrop, 1992., Allen, 1996., 

Koestler, 1967., Prigogine, 1972) . Constanza (2002) adds the feedback loops in complex systems 

makes it hard to distinguish cause from effect, space and time lags, discontinuities and limits. Thus, 

this results in it being very hard to keep track of all interactions, find appropriate ways to measure it 

and even more, plan solutions with appropriate risk or impact assessments, especially with regard to 

sustainability. Therefore, a previous step required to find integrative tools to deal with reality is 

mentioned by Allen (2013), called qualitative change, referring to the challenges of creating a 

narrative that expresses system understanding, meaning a coherent multidisciplinary explanation of 

phenomena.  

Data and information are needed to produce policies and solution. In the quest to measure data and 

produce useful information it is necessary i) the selection of what is relevant and what is not 

according to a sound integration of the different parts of the system and ii) a coherent system 

understanding valid at the individual and general level, these are conditions also necessary to select a 

narrative or even the narrative sought to be developed. Constanza et al. (1993) also alerts that in the 

quest to produce information from the aggregated and interactive scales in order to arrive at results 

splitting reality into single elements of isolated parts, i.e. making subdivisions of the universe and the 

components of it, in order to make the job easy, there is a risk of missing the main interaction 

processes of the economic and ecological system. He attributes this is a common fact in classical 

scientific disciplines and argues complex systems cannot be treated by such approaches because they 

are insufficient in providing an understanding on them. Moreover, ignoring these interconnections 

leads to misperceptions of the system and unavoidable policy failures (Constanza, 1987.,  Folke et al.   

2002). 

 

"What gets measured,  gets managed." Peter Drucker  

Socio-ecological models in the quest for practical solutions 
Socio-ecological systems management is a difficult task 

because the challenges inherent in the characterization 

process, as we have discussed, are highly complex. They 

keep you tied to the uncertainty of outcomes of any 

intervention, even without one.  In order to select the 

best strategy to deal with a problem or project, the 

post-normal science paradigm has established two 

attributes; one of them is the decision stakes, and the 

other is the level of uncertainty, which refers to 

inadequate information as the source of this 

inexactness, unreliability, and border with ignorance 

(Walker et al. 2002). Nevertheless, it can be the case 

that even with plenty of information there is a high Figur 1 The Postnormal science paradigm (Ravetz 
2007) 
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uncertainty due to a lack of system understanding. When both uncertainty and decision stakes are 

high the problem solving strategy of traditional scientific and reductionist narratives will be 

insufficient and the best strategy to select lies within the post-normal science approach (Funtowicz & 

Ravetz 1994). 

Management of complex systems demands practical information and tools, complex systems are 

dynamic, i.e., they are in constant change not static, and possess nonlinear relations. Therefore, the 

analytical methods they require in order to be explained possess a higher degree of difficulty 

according to the increase in size of the boundaries selection, relations identified between elements 

and their feedback processes, among other issues. In the next chart we can observe the difficulty of 

the solving process of a system according to its number of equations and the nature of the dynamics 

between the system elements (linear or not linear). 

Figur 2 9ȄǘǊŀŎǘŜŘ ŦǊƻƳ /ƻƴǎǘŀƴȊŀ όмффоύ άaƻŘŜƭƛƴƎ ŎƻƳǇƭŜȄ ŜŎƻƭƻƎƛŎŀƭ ŜŎƻƴƻƳƛŎǎ ǎȅǎǘŜƳǎέΦ .ƛƻ{ŎƛŜƴŎŜ пуόоύΥо 

Computer software programs for modeling have come to bring tools to deal with the complexity of 

systems, providing the capacity of tracking nonlinear effects of one element over another in a 

broader chain happening consecutively or simultaneously even within different scales of the system 

according to the boundary definition selected by the observer. Computer modeling, beyond a tool of 

certainty and control, is also considered as an aid for social exploration and design, consistently with 

the conception of simulation research as a tool for the practice of the scientific method (Meadows, 

2002). 

Following this idea of Meadows, computer-modeling activities can work as a social exploration and 

design tool through the iterative process of simulation research. The next diagram extracted from 

Zock (2004) shows how the whole modeling process from the system conceptualization stage to the 

simulation stage helps to get a better understanding of the system. The simulation also aids the 

system conceptualization stage, which improves the model formulation and then again the 

simulation. This increasing the likelihood of performing a good policy analysis, along with improved 

support and implementation processes. 
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Among the diverse applications 

of computer simulation 

modeling, ecological modeling 

for management issues and 

strategic interventions are 

becoming ever more common. 

Specifically, SD models are 

expected to be helpful in 

designing organizational 

interventions, to explore and 

make evaluations, and to find 

the most adequate actions as 

solutions for problems. When 

the model building process is 

related to implementation 

plans in organizations, it is 

applied as a tool ŦƻǊ άŀŎǘƛƻƴ 

ǊŜǎŜŀǊŎƘέΣ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ 

analysis of different sizes of complex systems or organizations, while at the same time giving practical 

possibilities of application (Milling, 2007). 

Some characteristics of complex social systems have been identified after the application of SD 

principles to the study of some organizations, for example, the ones stated by George Richardson in 

Ƙƛǎ ǇŀǇŜǊ άFeedback thought in the social Sciences and Systems Theory ά ǊŜŦŜǊǊŜŘ ōȅ ½ƻŎƪ όнллпύΥ 

V Complex systems are remarkably insensitive to changes in many system parameters 
V Complex systems counteract and compensate for externally applied corrective efforts 
V Complex systems resist most policy changes 
V Complex systems contain influential pressure points, often in unexpected places, from which 

forces will radiate to alter system balance 
V Complex systems often react to a policy change in the long run in a way opposite to how hey 

react in the short run 
V Complex social systems tend toward a condition of poor performance. 

 

As we have seen, System Dynamic models have been lately used in socio-ecological systems 

modeling and they are considered also as a tool for understanding the configuration and functioning 

of complex systems. In the next sections some ideas on how, in theory, SD can be a suitable tool for 

energy analysis aims and their capacity to be applied in combination with integrative frameworks on 

the topic is presented.  

  

Figur 3 ŦǊƻƳ ½ƻŎƪ όнллпύΦ έ! ŎǊƛǘƛŎŀƭ ǊŜǾƛŜǿ ƻŦ ǘƘŜ ǳǎŜ ƻŦ ǎȅǎǘŜƳǎ ŘȅƴŀƳƛŎǎ 
ŦƻǊ ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ Ŏƻƴǎǳƭǘŀǘƛƻƴ ǇǊƻƧŜŎǘǎέΦ tǇΦ сΦ 
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Energy analysis complexity for a sustainability assessment 
Current world energy issues are demanding more accurate and manageable ways of being accounted 

for. According to Giampietro et al. (2013) traditionally what is common to see in the national energy 

balance are statistics with dubious methods of aggregation that provoke misleading conclusions, 

therefore the ability to make informed decision with this information is limited. They also consider 

that the linear representation of energy flows going to different parts of society tend to miss 

autocatalytic loops of energy, meaning the loops that allow the reproduction of the system and take 

the system to different equilibrium states.  

A systemic comprehension of energy transformation has to have defined boundaries regarding the 

time and space related to the type of energy being measured, and a pertinent scale of analysis, only 

in this way can a quantitative analysis can be performed. At the same time, it must have a qualitative 

component that supports a system conceptualization able to integrate the different scales or 

hierarchies of the energy conversion processes in a society.  

However, it is rare to find such systemic approaches within the history of energy accounting because 

of the difficulty in finding an epistemology capable of addressing the difference between non-

equivalent energy forms and the multiple scale issues for quantitative analysis (Giampietro et al., 

2013). 

One of the latest frameworks developed for a bio-economic energy analysis is MUSIASEM. This 

approach claims to make possible to study the feasibility, viability and desirability of the societal 

metabolic pattern of a society. According to Giampietro (2012) the societal metabolic pattern is given 

by the processes of energy and material transformation that society is consuming to continue its 

existence and functions at the current levels. Societal metabolism is also a notion used to assess the 

sustainability level of a society because the energy and material transformations tradeoffs, 

considered as resources needed for a society to keep living, are under specific biophysical conditions, 

i.e., a society cannot spend more than the biophysical capacity of its territory. The following ideas 

imply a large interconnected set of dynamics between societal functions, standards of living, 

population size, energy use and natural funds, among many others. MuSIASEM is composed of 

different tools in order to make a sustainability appraisal; those will be explained in the following 

chapter.  

Before continuing, it is pertinent to explain some of the compatibilities that can be seen on first sight 

between MuSIASEM and SD methodology, which in turn motivated this research project. 

 

MUSIASEM and SD as dialogic frameworks for modeling purposes 
There are two important statements to consider when integrating two different frameworks in an 

evaluation exercise like the present work: according to Allen (2013), most scientific work is based on 

formulating models of phenomena. Nevertheless, the comprehension of the phenomena expressed 

through its narrative is essential to build those models. The validity of a scientific framework or 

narrative is an important condition for its usefulness and applicability. In addition, Meadows (1996) 

considers the paradigm or discipline of origin shapes the way the modeler or researcher sees the 

world. 
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At this point, we have three key issues that clarify the conditions of the analysis where this research 

is embedded.  1) The need of a good narrative on the phenomena: In order to produce models of the 

world in a coherent way, it is important to have a narrative capable of comprehending the 

phenomena to observe it in a proper way 2) The acknowledgment that this narrative is subject to the 

framework or discipline attachment while observing the world. 3) While evaluating the validity of a 

framework, theory or ideas, it is important to recognize that also the analysis method used to 

validate or discard it possess its own bias.  

Supporting the arguments in favor of integrating disciplines or narratives, we found that complex 

systems have characteristics that are not suitable to reductionist approaches, for instance the 

conditions of unpredictability, path dependency and multi-scale organization. Regarding a 

sustainability analysis, the appropriation of a strong definition of sustainability implies a) 

consideration of biophysical matters within energy and economic analysis (Giampietro, 2013) and b) 

a systemic world view with all possible interactions captured, while maintaining an explicative 

capacity and relevance.  At the moment of addressing these characteristics in complex system 

simulation exercises, we should consider the conditions Constanza recommends for models: realism, 

generality (robustness) and precision, conditions hard to achieve when referencing just a single 

discipline. 

Any framework or methodology that intends to make a sustainability assessment of complex systems 

by using computer modeling tools must take into consideration three major independent categories 

which represent, at the same time, questions and opportunities while modeling complex ecological-

economic systems, as addressed by Constanza (1993): 

a) Application of the evolutionary paradigm to modeling ecological economic systems: 

uncertainty, surprise, learning, path dependence, multiple equilibrium, suboptimal 

performance, lock-in, and thermodynamic constraints, specifically the applicability of 

thermodynamic principles. A key issue is the choice of measure or multiple-measures of 

performance of the system selection process to be observed.  

b) Scale and hierarchy considerations: definition on how hierarchical levels interact with 

each other and how to develop three basic methods of scaling for modeling ecological 

economics system, also to explore how the chaotic-systems dynamics and fractal theory can 

be applied in this area.  

c) Nature and limits of predictability in modeling ecological economic systems: nonlinearities 

raise the questions on the influence of resolution on the performance of models, specially 

predictability, modeling efforts have demonstrated that behavior or the system state is very 

sensitive, for instance, to the change of initial conditions. For this reason the need of better 

measures of model correspondence with reality and long term behavior is stressed. The 

criteria: generality, realism and precision, is proposed to be incorporated in the observations 

and measurement development.  

As we can observe, for Constanza (1993), one of the three main opportunities in ecological economic 

systems modeling is the scale and hierarchy consideration where, as explained before, it is 

fundamental to define how levels interact with each other. Simulation research seems fit to explore 

the influence of scale, resolution and hierarchy definition on the behavior of the system. 
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5ƻƴŜƭƭŀ aŜŀŘƻǿǎ ƛƴ ƘŜǊ ǊŜǇƻǊǘ άLƴŘƛŎŀǘƻǊǎ ŀƴŘ LƴŦƻǊƳŀǘƛƻƴ {ȅǎǘems for sustainable developmentά 

delivered to the Balaton group in 1998, develops suggestions for indicator processes and linkages 

and states that information system should be organized into hierarchies that increase the scale level 

and decrease specificity. 

As we can observe, the scaling and hierarchy categorization, as well with the selection of the 

measurements units is fundamental in order to have a better analysis of complex system behavior 

and sustainability assessment.  The next graphic shows some of the challenges for integrative scales 

assessments such as time horizon, narratives needed, energy types, ranges of values and factors 

relevant of each scale of analysis selected.  

 

Giampietro et al. (2013) considers that if a more appropriate and useful energy analysis is to be 

developed based on a particular methodology, it must consider as crucial transparency regarding: 

V Scaling assumptions linked to the narrative of energy transformation; this means coherency 

between the assumptions made based on the energy use process, that includes the 

definition of goals of the process, boundary conditions, initial conditions and time horizon 

V Semantic choice of relevant energy forms with respective protocols of accounting for special 

cases 

V Semantic choices related to the assessment of the quality of data 

V Criteria to evaluate the usefulness and results of the analysis 

V Choice of indicators and definition of their feasibility domain.  

 

Figur 4 Examples of non-equivalent assessments of the energy equivalent of 1 hours of human labor found in scientific analyses (from 
Giampietro et al., 2013: p.40). 
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The integration of SD with MuSIASEM in a testing exercise responds to some conceptual similarities 

found in both, specifically to the recurrence to the endogenous point of view, fundamental in SD, and 

hierarchy and scaling considerations:  

- The funds and flows consideration in its narrative coming from Georgescu-wƻŜƎŜƴΩǎ ƳƻŘŜƭ ŦǊƻƳ 

which the categorization of the variables used in this analysis are derived. In SD, the existence of 

levels or stocks which are modified by flows of information or material over time under a certain 

system boundary is from where the dynamic behavior arises from, it is from the interaction of these 

stocks and flows in a certain space and given time from where the feedback loops take part in the 

system, generating the dynamic behavior (Richardson, 2011). 

-  MuSIASEM provides a form of accounting the societal energy requirement in different levels 

(national, economic level, households and specific sectors) grounded on a societyΩǎ internal 

configuration (such as population composition or socio economic identity) regarding its functions, 

and on its external constraints (primary energy sources and natural resources availability). The closed 

boundary selection of the system implies the need for focusing the study on the structure driving the 

behavior of the energy and material flows and human activity required by that system.  MuSIASEM 

also divides society in four different hierarchical levels, which have specific processes on the 

material, energy and human activity flows or allocation. Each level represents one boundary 

selection. The integration of levels must give place to the aggregated behavior of society. The 

sustainability analysis is based also on the congruence of the dynamics between each level, within 

the external constrains of the society as a whole. 

 

 

Figur 5 Societal Levels according to MuSIASEM as an example of "holons" theory. Own Elaboration. Digital design by 
Yehia Mokhtar 
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- The consideration of the existence of a pattern of energy use in the society according to its 

structure and its recurrence to that pattern of MuSIASEM approach is based on the thermodynamic 

equilibrium state commonly used to explain characteristics of complex systems. It states that all 

systems tend to evolve characterized because within itself all the system properties are determined 

for intrinsic factors and not external influences, i.e., the equilibrium states are coherent with the 

system boundaries and the constrains to which it is subjected. If one part of these intrinsic factors 

resulted modified for any reason the system tend to show resilience capacity meaning it will tend to 

not move to another equilibrium state. Thermodynamic laws are applicable to the study of ecological 

economic systems (Eriksson, 1991). This could imply the existence of a balancing feedback loops in 

the system, but it can be also result of a emergent behavior or adaptation capacity driven by changes 

in the agents within the system which is out of the scope of SD methodology.  

The former first sight findings on similarities and compatibilities of both perspectives and the 

theoretical match with key issues on socio-ecological system modeling motivate the study of 

MuSIASEM framework as a narrative and SD as a method of analysis at the time of studying society 

and energy issues for sustainability, attending as well the authors call for external disciplines scrutiny 

on the framework. 
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MuSIASEM framework explanation  

The Multi-Scale Integrated Analysis of Societal and Ecosystem Metabolism approach (MuSIASEM) is 

one of the latest methodologies that provides basis to a bio-economic analysis and it proposes an 

integrative way of dealing with multiple scales by offering a characterization of each societal level 

(national, economic sectors and house holds) according to its matter and energy flows to analyze the 

feasibility and viability of the societal functions and ecosystem state.   

 

Past applications of this methodology attempt to address the implications of demographic changes, 

peak-oil determining a declining supply of net energy sources (Giampietro et al. 2012; Sorman and 

DƛŀƳǇƛŜǘǊƻΣ нлмлύ ŀƴŘ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ǘƘŜ WŜǾƻƴǎΩ tŀǊŀŘƻȄ ǿƘŜƴ ŎƻƴǎƛŘŜǊƛƴƎ ŜǾƻƭǳǘƛƻƴŀǊȅ ŀŘƧǳǎǘƳŜƴǘǎ 

in the metabolic pattern of societies (Polimeni et al. 2008).  

 

MuSIASEM was originally developed to achieve an analysis of the metabolic energy pattern of a 

society, but later applications have extended it to cover the energy-food-water nexus. Currently the 

Food and Agriculture Organization from United Nations is using it to develop a Nexus Rapid Appraisal 

to support governmental decision-making processes to evaluate the impacts of certain actions across 

levels and sectors of society.4 

 

Societal metabolism definition 

According to the main literature on the framework, the concept of societal metabolism establishes a 

link between exosomatic energy, which is metabolized by humans outside the human body, and the 

endosomatic energy, metabolized inside the human body (Georgescu-Roegen, 1971). This implies 

that the exosomatic metabolic pattern can be associated to forced relations between: (i) the amount 

of hours of human activity allocated to economic activities versus household sector (working hours 

versus non-paid work, leisure plus physiological overhead), and (ii) within the economy the amount 

of hours of human activity allocated to the different economic sectors (production of energy carriers, 

food, goods, transportation, and other basic societal services). The given profile of allocation of 

human activity across these different functions, reproducing humans in the household sector and 

reproducing the economic process in the economic sectors, is the result of a complex set of relations 

(productivity of labor in the various sector, that in turn is related to the amount of power capacity, 

level of technology and consumption of energy carriers used for the different tasks). A significant 

change in the profile of distribution of any one of these production factors (labor, power capacity, 

energy carriers) over the various compartment of the society may bring system instability.  In relation 

to this point the MuSIASEM approach makes it possible to assess the viability domain of dynamic 

energy budgets associated with the metabolic pattern of a country.  

 

An example of the biophysical and economic interrelations that this framework implies tried to be 

reflected in the next conceptual Model. In particular, the MuSIASEM makes it possible to study the 

feasibility, viability and desirability of transition (adjustment) to different values of the dynamic 

                                                           
4
 The Energy, food, water nexus.  A water, food, energy nexus approach to inform Policy Making. Food and 

Agriculture Organization of Unites Nations, June 2014. Electronic source: 
http://www.fao.org/energy/81320/en/  

http://www.fao.org/energy/81320/en/
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energy budget obtained by using a different mix of Primary Energy Sources and a different mix of end 

uses in the various compartments of the society. As we can observe in the next diagram, biophysical 

and socioeconomic spheres are interrelated and in constant interaction, any change in the primary 

sources of energy will have an impact on different societal issues such as energy consumption and 

demand levels, food production, economic stress, natural capital impact, environmental degradation, 

labor force composition among others. 
 

  

 

Fundamental aspects to 

understand the 

MuSIASEM approach 

A) Integration of scales  

using Georgescu-2ÏÅÇÅÎȭÓ 

fund flow scheme:  

This approach was developed 

integrating concepts from 

diverse fields such as non-

equilibrium thermodynamics 

applied to ecological analysis 

(Odum, Ulanowicz), complex 

system theory (Kauffmann, 

Morowitz, Rosen and Zipf) and 

bio-economics into a semantically open narrative, that includes quantitative descriptions, in order to 

be able to describe the processes that takes part at different scales (Giampietro et al., 2009) 

considering them simultaneously into the sustainability analysis. The sustainability analysis is based 

on the viability and desirability of patterns of production and consumption of socio-economic 

systems and its feasibility based on biophysical elements. 

In order to keep track of all transformations implied in the societal development considering its 

biophysical roots, the categories developed in the Georgescu-Rogen model were adopted: 

Funds: are the elements that remain the same regardless all transformations in the system 

during a period of time. Funds have the capacity of transforming input flows into output 

flows during the time scale of the representation and preserve themselves. They can be used 

only at a specified rate and are periodically renewed.  Examples: land, population. Within 

MuSIASEM approach the fund responds to what the system is made of. 

Flows: elements that disappear or appear over the duration of the representation, they can 

be an output without ever having being an input or vice versa. Flows in this case can be 

matter or energy controlled or dissipated. The size of these flows depends on internal 

(capacity of processing a flow, for instance, technology) or external (availability of an stock of 

Figur 6 Example of the integration of biophysical and economic variables using the 
DPSIR framework (Kristensen, 2004). Own elaboration. 
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a natural resource) factors. Within MuSIASEM approach the flow responds to what the 

system does. 

In MuSIASEM approach flows are characterized in relation to their funds, for instance, energy 

consumption per year per capita, water consumption per hectare because in this way it is possible to 

integrate with sufficient coherence different analysis dimensions required in the approach. With the 

use of funds and flows categories benchmarks as ratios of known typologies of metabolism are 

defined, for example, average work productivity per hour. As well, MuSIASEM idea of sustainability it 

is based on the maintenance and reproduction of the fund elements in the metabolic process of 

society during the period of analysis. 

Regarding the sustainability assessment, MuSIASEM brings a method to make a sustainability check 

grounded on: 

 

 

 

 

 

 

B) Sudoku Effect in production and consumption representation across scales :  

MuSIASEM divides in societal levels for the analysis to analyze the consumption and production 

sides. The Sudoku effect implies that the characteristics of the parts must be compatible with those 

Feasibility of scenarios 

ωCoherence of the system with its 
external constrains or boundary 
conditions. It is evaluated by looking 
at the local sypply and sink side flows 

ωTool: environmental impact matrix 

Viability of scenarios 

ωCongruence across sectors of the 
requirement and supply of flows. E.g. 
data aggregated on consumption at 
the whole level should match with the 
supply at local scales. 

ωTool: multi-level, multi-dimensional 
matrix  

Desiarability of viable scenarios 

Comparision of the resulting 
metabolic pattern (flow/fund ratio) 

regarding the functions at a local scale 
with benchmark values of certain 
types of socioeconomic systems. 
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of the whole and vice versa nevertheless, there is no causal relation between them. By using a 

multipurpose grammar to perform impredicative loop analysis it is possible to construct a 

multidimensonal matrix that appeals to have a similar effect as the Sudoku game. 

According to Giampietro et al (2009) the divisions of levels are the following: 

¶ Individuals level  (n-3) 

¶ House holds and Paid work level  (n-2) 

¶ Economic sectors level (n-1) 

¶ National level (n) 

Is from this hierarchical division that the analysis of the requirement and production of material and 

energy flows in the society will be performed across levels. 

 

Consumption side analysis 
Individual level  (N-4) consumption it is focused on the analysis of the fund Human Activity (HA) 

based on endosomatic metabolism, which means, the conversion of energy inside the human body 

into human activity. In order to make a profile of the population to analyze its total human activity 

there were set different structural types of individuals  (a, b, c, d, e, f) in relation to their age and 

gender because each individual type has different activities within the society.  

AGE FEMALE MALES 

> 65 years a b 

16-65 years c d 
< 16 years e f 

 

The human activity (HA) at the individual level is considered to be: 

¶ Physiological overhead (HAPO)which includes non productive activities as sleeping, eating, 

personal care 

¶ Paid work (HAPW); includes economic activities performed by the individuak 

¶ Household (HAHC+LE): it includes chores (C), leisure (L) and education (E) activities, it can be 

considered the disposable not invested in PW. 

 

The next graph shows the visual representation of the Human activity of a society in relation to its 

population composition and the activities performed. The numbers in the representation are 

calculated hypothetically considering a population of 100 individuals. 
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Figur 7 LƴŘƛǾƛŘǳŀƭǎΩ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ŀƴŘ ƘǳƳŀƴ ŀŎǘƛǾƛǘȅ ŎŀƭŎǳƭŀǘƛƻƴ ŦƻǊ ŘŜǾŜƭƻǇŜŘ societies (Giampietro  etGiampietro et 
al., 2009: p.5). 

 

House holds and Paid Work level (N-2)  This level deals with the conversion of energy perceived 

as human activity within the socioeconomic process, for example, two adults and two elderly people 

will have the same amount of Human Activity but their share of this human time to the economic 

process will be greater in the case of the adults if we talk of a developed country context. There are 3 

types of households defined using the categories of individuals of the previous level. 

 

Type of 
household 

Number of 
people 

Age and gender 

A 2 Couple of adults size 

B 4 Couple of adults plus two 
children 

Y 2 Couple of eldery 

 

The structural composition of households will required from the production side services and 

products which at the same time requires energy, material and human time of work investments and 

supply hours of paid work to the rest of society. In the next figure we can observe a visualization 

where the different share of human time dedicated to the different activities of individuals varies 
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within each household because its composition, we can observe the size of the household is 

measured by the total hours of human activity of that household and the requirements from the 

production side (products, services and food) of each household which will be further explained in 

the next level. 

 

 

Figur 8 Human time required for consumption and human time allocation of paid work in different households profiles 
(Giampietro  etGiampietro et al., 2009: p.6). 

 

 

Economic sectors level (N -1)  

Depending on the categories of Households and the population composition in each, the flow of 

products and services required can be calculated which at the same time is associated to an overall 

supply of paid work time. In this way a bridge between households and the rest of the economy by 

the assessment of the hours of human activity dedicated to the paid work. The paid work required 

should be compatible with the one that is supplied by households in the first representation. At this 

point, the characteristics and conditions of the socio-economic system will define technical processes 

used to generate the supply of paid work for example, the productivity of labor per hour or the 

biophysical productivity for products and services.  
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Linking Production with Consumption side through Metabolism indicators  
In order to describe the production side of the society, it is needed to keep track of the allocation of 

the human activity in the different parts of the system. Two kinds of variables are needed to be 

distinguished: extensive variables  (similar to funds in the Geourgescu Roegen model) which have the 

characteristic of being additives and intensive variables these variables can not be added and they 

represent a ratio during a period of time. For example, in order to calculate the exosomatic 

metabolic rate  (which is one of the main indicators for the sustainability assessment using 

MuSIASEM) of certain compartment, for ƛƴǎǘŀƴŎŜ έƛέό9waƛύ, we would need to divide the exosomatic 

throughput of a given compartment (ETi) per hour of HAi, i.e., EMRi =ETi/HAi. In this way it is possible 

to set benchmarks of what is required in technical capital and exosomatic energy to boost the 

efficacy of 1h of human activity.  The next illustration shows an example of this assessment in the 

production and consumption side of a society. 

 

 

Figur 9 Production and consumption comparison of metabolic rated of Spain 1999. (Giampietro  et al., 2009: p.9). 
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In order to make assessments of each levels using MuSIASEM the following variables are considered: 

Variables  Level N Level N-1 Level N-2 

Extensive 
variables 
for fund 

HA 
 

THA ς total human 
time available for 
the whole 
economy 
(24h x 356days x 
population) 
 
THA=HAPW+HAHH 

HAPW: hours allocated in PW 
sector in a year 
HAHH: rest of THA in HH sector in 
a year 

HAPS: total labor hours in 
Paid sector for 1 year.  
* Units Gh 
 
PW sector in this level is 
divided in PS (industry), SG 
(services and government) 
and AG (agricultural 
sector) 

Extensive 
variables 
for flow 

ET 

TET ς total 
exosomatic energy 
consumption in 
joules for the 
whole economy in 
a year. 
 
TET= ETPW+ETHH 

ETPW -  exosomatic energy 
consumption for the PW sector in 
a year 
ETHH -  exosomatic energy 
consumption for the HH sector in 
a year. 
 
 

ETPS: exosomatic energy 
consumption in paid 
sector in a year.  
* units: PJ 

Intensive 
variables 

EMRSA   - how much 
exosomatic energy 
is consumed per 
hour of human 
time in the whole 
society. 
 
EMRSA  = TET/THA 

EMPRPW - how much exosomatic 
energy is used per hour of labor 
in the PW sector as a whole.  
EMPRPW = ETPW/HAPW 
 
Fund share N-1/N: indicates how 
much human labor is used in the 
PW sector compared to THA. This 
value is determined by conditions 
as the demographic structure, 
social rules, habits, education 
level and workload of workers. 
Measured as ratio of HAPW /  THA 
 
Flow share N-1/N: how much 
energy is used by the PW sector 
compared to the total energy 
consumption of the whole 
economy.  Calculated as ratio of 
ETPW/ TET 
 

EMRPs: how much 
exosomatic energy is used 
per hour of labor in PS 
(production sector - 
industry) as a whole.  
EMRPs= ETPS/HAPS 
* units: Mj/h 
 
Fund share N-2/N-1: 
fraction of labor used in PS 
(industry) compared to 
HAPW in the PW sector. 
Ratio between HAPS (N-2) 
and HAPW (N-1) * Units % 
 
Flow share N-2/N-1:  
fraction of exosomatic 
energy used in PS in 
relation to the exosomatic 
energy in PW as a whole. 
Ratio between ETPS (N-2) 
and ETPW (N-1)* Units % 

Indicators 
congruence 
production 

Bio-economic pressure: indicates the degree of pressure generated by the expected 
life style and  the structure of the consumption sector over the technical performance 
of the production sector (industry).  TET/HAPS consumption 
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and 
consumption  

 
Exosomatic hypercycle5:  ability of production sector (industry) to generate a 
biophysical surplus of products using only a small fraction of TET and THA for its 
operation. TET/ HAPS production 

The next illustration is an example of a metabolic analysis across levels. 

                                                           
5
  Lƴ 9ƛƎŜƴΩǎ ŜŎƻƭƻƎƛŎŀƭ ǘƘŜƻǊȅΣ ƘȅǇŜǊŎȅŎƭŜ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ǘǿƻ ǇŀǊǘǎ ƛƴ ǿƘƛŎƘ ŀ ƴŜǘǿƻǊƪ ƻŦ ƳŀǘŜǊ ƻŦ ŜƴŜǊƎȅ Ŧƭƻǿǎ 

can be divided; the other is the dissipative part. Hypercycle is the part producing a net supply of energy for the 
rest of the ecosystem. In MuSIASEM it refers to the ability of delivering an amount of products and useful 
energy to the rest of the economy. The higher the strength of the hypercycle, the larger is the fraction of 
Human activity that can be invested in services, education, leisure and social interaction. (Giampietro et al. 
2013) In SD terms, this hypecycle can be considered as the existence of a positive feedback loop which with 
other variables increase the efficiency to deliver more products for the society using less human activity and 
total exosomatic throughput like a reinvestment.   

Figur 10 Analysis of metabolic rated across levels. Spain 1999. (Giampietro  et al., 2009: p.12). 
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The next figure shows an extended division in which MuSIASEM manages the societal data. The 

green sectors are Division levels of society characterized by its dissipative part (consumption of 

material and energy flows for end uses) and its hypercycle part (reinvestment of material and energy 

flows for the reproduction of those flows).  

 

Figur 11 Societal level, extracted from Food and Agriculture Organization from Unitated Nations working paper 
έ!ǇǇƭƛŎŀǘƛƻƴ ƻŦ ǘƘŜ aǳ{L!{9a ŀǇǇǊƻŀŎƘ ǘƻ ǘƘǊŜŜ ŎŀǎŜ ǎǘǳŘƛŜǎέΣ hŎǘƻōŜǊ нлмо 

          

 

Tools for the analysis 
 

Multi -level / Multi -scale accounting: it is related ǘƻ ǘƘŜ έƘƻƭƻƴέ ǘƘŜƻǊȅ ōȅ Koestler where each 

part of the system conforms a larger part and this part subsequently conforms the larger whole. Each 

part is possible to be analyzed by looking at its lower or higher level by the identification of its 

structural and functional relations. 


































































