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Abstract

The current work is a theogriented research that tries to addresstheoretical discussioron
sustainability analysis of complex systebysusing SD methodology and MuSIASEMiavaluative
exerciseMuSIASEM as orad the latest frameworks developed for a bexonomic analysits tested
using SDmethodology in order toassessits applicabilityfor dynamic systems analysisThree
modeling exercise wergerformed under MuSIASEM theoretical guidance dntlowing SD
principles. An appraisal of thecompatbility and feedback learning of the combination lodth is
developedin the light of further energy studies for sustainability, having special focus on the
dynamic component of any sustainability assessment.

Key words: sustainability, energy analyssystem dynamics, bieconomic assesent, MuSIASEM



Chapter 1

Introduction

The acknowledgment of biophysical limits is fundamental talarstand how soci@cological
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 decadesate reproduced a paradigm that neglects feedback processes
between institutional systems and nature.

One of the latest frameworks developed for a dgiconomic analysis is the Mulficale Integrated
Analysis of Societal and Ecosystem Metabolism (MuSIASH). approach explains how is
possible to study the feasibility, viability and desirability of transitions (adjustmémishat they call
the ésocietal metabolism patteén 2 ¥ | & 2 OinteScdrimectadidgnnyics betwBen societal
functions, standards of living, population size, energy uatjral funds, among many other factors

The validity of a scientific framework is an important condition for its usefulnddss research
projectis dedicated to tesing the validity of MUSIASEM from a System Dynamics (SD) perspéttive
the light of possible applications for sustainability assessments.

The organization ahe chapters is the following:h@pter 1 contains the introduction, purpose ofi¢
research, research objective and research questidimapter 2 briefly reviews the challenges of
energy analysisustainability assessments for so€icological system®plusthe use implicationgor
MuSIASEM and SBhapter 3 will be dedicated to theexplanation of the MuSIASEM framework
Chapter 4 contains theresultsand explanatiorof the first modeling exercise developed in order to
test the framework from an SD perspective. This modeling exercise porrds to amanalysioon the
energy useof Argentina from 19962007 developedusing MUuSIASEMNd published in the
international journaEnergyin 2011.

Chapter 5 contains two other modeling exerciseteveloped with synthetic datan key points
addresgd by MUuSIASEMThis time, the modeling exercises were guidkakctly by the literature
outlining the framework. ie modeling process results, atitk critical points ofthe structural and
behavior tests developed to makedabeexercisesare explained.

Chapter 6 contains reflections on the validity of MuSIASElvom a SD perspectivand as a
sustainability assessment frameworkhether 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 MuSIASEEMIa dza (I Ay I 6 A f thé onst@ikKsSdd pathé | Yy R
frameworks.

Chapter 7 has conclusions on the relevance of MuSIASIEEMegardto its current applications, a
critical appraisal of MUSIASEM as a narrative for sustainaliityapacity to beisedto build models
and replicate results from its applicationgroposals for the further development of MuSIASEM
attained using SD methodologyn order to overcomespecificlimitations, and agenda for further
research.



Purpose of the research

Current world problems are resultof a complex interconnged network of different naturaind
humancreated processes. New scientific narratives and toolse aequired to integrate system
understanding in a coherent wagystemand make strategic action8IuSIASEM was ontgcently
developed but is already considered by scientific journals, governments and international
organizationsas a way to develop engy analyses and sustainability assessmeht link the
internal and external constrains of the system to which human society belongéntdhe other
hand,it has been claimed th&8D methodology habke capacity to aidhe decisioamaking processes
within dynamic systemsby improving system understanding through simulation researttat
provides for the development and testing of policies Both seem promising fosustainability
assessmerstand proposals for practical solutions

The current work igheory-oriented research that tries to address the theoretical discussion of
Wistainability analysis afomplex systentdy using SD methodology and MUuSIASEM in an evaluative
exercise. An appraisal of the compatibility and feedback learnirgcofnbinaton of both is sought

in the light of further energy studies for sustainability, havimgpecial focus on the dynamic
component of any sustainability assessment.

Research objective

Test the validity of MuSIASEMIthe extert that it provides a consistergystemic view applicable for
dynamicsystens analysisfrom a SD perspectivand find out wheher SD can improvésiapproach
to sustainability assessments.

C2NJ 0KA& LJzN1}2aSs | addzRe 2F adx L! {9aQa |ljdz €t Adl
order to examine it as a narrative and analysis method able to sdsteinconceptualization,
characterization and formulation stage of a SD modéle three modeling exercises performed to

test MUSIASEM are thellowing

a) Argentin® a@nergy use from 190 to 2007. This modeling exercise and the data required

was based on the study of an application case of the MuSIASEM methodology contained in
GKS | NOAOES Llzof AaKSR A yGoingkdeyorid EriegyNiptangithtd y | £ 2
understandtheene®y YSUGl 02f A4aY 2F ylIidAz2yay ¢KS OFasS 27
Jesus Ramos Martin (2011)

b) Human Activity and Dynamic Energy budget models. The model building process was
mainly based from the literature of the bodk9 y SNHE & | y I f ebleFdtureTMUNI | { dz&
a0ItS AyGSaANIXrdGSR Fylfeara 2F a20AS0l fandr YR SO
the publication by the Food and Agriculture Organization from United Natiohsy Ly y 2 @ { A ¢
Accounting Framework for the Fo@shergyWater Nexs: Application of the MuSIASEM

approach to three case studies LJdzof A A KSR 2y hOG206SN) Hamod ¢K
were performed on the key issues addres$sdMuSIASEMSynthetic data was used to run

the models.

! MUSIASEM has been recently used by international entities such as the Food and Agriculture Organization of
'YAGSR bliGA2yas 90dz R2 NE Qent@ 2ngl8eNyt Ed/iyotiment #rid SustiigabiliyS & S+ NO
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 suclEasrgyon the framework and its applications.

% Sustain, interpreted as: give support and meaning to a process or action.



The analysis of these modeling exercifesn a SDperspective will be grounded on the following
tests: 1) Structure test: boundary andagrshots in order to evaluate theongruence of MUSIASEM
asaframework for system analysis with SD madaid 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?révtiee aompatibilities
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 inductiv@pproach and documentary analysis

As long as the goal of the current project is to analyze whbkdity of MuSIASEMrom a SD
perspective, this research possesses a strong explanatory character. In order to analyze its validity, it
is fundamental to undetand integrally theway MuSIASEN 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, whiddegrov
gualitative 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,
gualitative and quantitative, in order to get a more colee 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 gatheretirough docunentary, archival and electronic research.

The main literature revised to stydMuSIASEMere the following:

V Giampietro, M. et al. (2013). Energy Analysis for a Sustainable Future:skhl#iintegrated
analysis of societal and ecosystem metabolism. Rdgde

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

V Sorman AH. & Giampietro, M. (2013)he energetic metabolism of societies and the
degrowth paradigm: analyzing biophysical constraints anditiesal Journal of Cleaner
Production, 38:83.

V Giampietro, M. & Mayumi, K. (2000). Multipdeales integrated assessments of societal
metabolism: Integrating biophysical and economic representations across deajadation
and Environment 22 (2155210

Regarding the SD literature, some sources studied for this research belong to literature on validation
testingin modeling exercises and on the critical use of SD as a perspective of analysis:

1C



Vv

Vv

Vv

aSlIR2gas 5 | ® g w20AY a4 2aflE ConputecModels pnad Gociél ¢ KS 9
Decisions. John Wiley & Sons, Chichester.

aSIR2gas 5 | & OMPTPLD G¢KS dzyl @2ARIFo6fES | L
Method, ed. J. Randers, MIT Press, Cambridge MA.

%201 '@ ouHnnnO® a! o s&Edms GyndmicsNBr digénizatioBafF (1 K S

O2yadzZ G GA2y LINRP2SOGaé¢®d 5SdzaiOKS [dzZF Kl yal ¢!

Inflight Processes, Lufhansa Basis, P9 1

Barlas, Y. (1989) Multiple tests for validation of system dynamics type of simutatidels.

European Journal of Operational Research 42869

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

Vv

Vv

Vv

Vv

I 2yail yl Si td omphovd ¢£az2RStAy3a /2YLX SE
Institute of Biological Scieas Stable, BioScience Vol. 43(8):-585

5Ffes 1 & omMppnod® G¢26FNR a2YS 2LISNI GAZ2Yy I LIND
Economics 246.

Goodland, R. (1995). The concept of environmental sustainability. Annu Rev. Ecol Syst 1995
(26):1-24

MO! 5h2{ oOomMphpyovd ALYRAOFIG2NAR YR LYFT2NXYIGAZ2Y
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 analysisasvbased. 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 providmough data to compare was availattdethe purpose of

the modelirg exercises are to test the validity of the framework from a SD perspethieeforethe
explanatory capacity ofiow MuSIASEM works and whether it can sustain a modeling exercise is what
is sought.

11



Chapter 2

Multi -Scale Integrated Analysis of Societal and Ecosystem Metabolism
(MuSIASEM) framework and System Dynamics (SD) Methodology
implications for a sustainability assessment

G/ 2YLX SEAGE +faz2 RSLISYyRA
Timothy Alled

% Professor of Botany and Environmental Studies Wisconsin University.
Leader in the fields dfierarchy theory, systems theory, and complexity.

12

2y



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 -soological
systems work, for risk avoidance and sustainability applications. Although these concerns are not
new (i.e. Vernadskii 1826; Meadows, Randers & Meadows, 1972) thandot 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 ishees. T
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 smcmgical systems. These systems

act in nonlinear 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 syams.

5SyyAa aSlIR2ga adl 0§SR A Ysitiono lste for RukthifiaylcddevielgpBienO 2 y F S NJ
organized by New Economic Thinking Institute at Oxford University that there are more than 100
definitions of sustainability, which makes the concept ami@gless. 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. Ecologicatonomics came to be a new branch under which this complementary
didzRRe O2dz R 068 R2ySo® C2NJ SEIFYLX SZ 51 ft&Qa omddrs
biophysical perspective of 3 different things: i) renewable resources: the rate of harvest staiul
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 nonrenevealesources. 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 threecategory divimn 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 amdlmasources and

i) the strong sustainability paradigm that considers environment, nature and its ecological functions
cannot be reproduced by mankifdadustrial or other processes (Ayres et al. 1998., Martidizer,

1995., Turner, 1992., ). Spkcally, 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 35,00044,000 terawatts of solar energy
(Gampietro 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 &s 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 hierarchigssystem,
sharing at the same time, feedback processes of elements within scales, structure driven pattern
emergence and unpredictable change regarding initiahditions (Waldrop 1992., Allen, 1996.,
Koestler, 1967.Prigogine, 1972. Constanza (2002adds the feedback loops in complex systems
makesit hard to distinguish cause from effect, space and time lags, discontinuities and Timits,

this resultsin it beingvery hard to keep track of all interactignfind appropriate ways to measure it

and even moreplan solutions witlappropriaterisk or impact assessments, especiallth regard to
sustainability. Therefore, a previous stepquired to findintegrative tools to deal with redy is
mentioned by Allen (2013), calledjualitative change referring to the challenges of creating
narrative that expressesystem understanding, meanirgy 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 ahe individual and general level, these arenditions alsmecessaryo selecta
narrativeor even the narrative sought toe developed. Constanza et al. (1993) also alerts that in the
guest to produce information from the aggregated and interactive scales in dodarive atresults
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 attriblhiiesis a common fact in classical
scientific disciplines and argues complex systems cannot be treated by such dqgarbacause they

are insufficient in providingn understanding on them. Moreover, ignoring these interconnections
leads to misperceptionsf the system and unavoidable policy failures (Constanza, 1987., Folke et al.
2002).

"What gets measuredgets managed Peter Drucker

Socieecological models in the gest for practical solutions
Socieecological systas management is a difficult tasl
because the challenges inherent in thiearacterization
process, as we have discussed, are highly complaxy

keep you tied to the uncertainty obutcomes of any
intervention, even without one In order to select the Deciion
best strategy to deal with a problem or project, th  Stakes
postnormal science paradigm has established tv
attributes; one of them is the decision stakesd the Applicd
other is the level of unertainty, which refers to Science
inadequate information as the source of this Law Systems High
inexactness, unreliability, and border with ignoranc Uncertainties

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

that even with plenty of information there is a higlFigurl The Postnormal science paradigm (Rave
2007)

igh

Post-Normal
Science

Professional
Consultancy

Fig. 1 - The Post-Normal Science diagram.
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uncertainty dueto alack 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 besstrategy to select lies within theostnormal science appiaxh (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 requerin order to be explaired possess a higher degree of difficulty
accordingto the increase imsize of the boundaries selection, relations identified between elements
and their feedbak processes, among other issués the next chart we can observe thefitifilty 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).

Table 1. The limits of analytical methods in solving mathematical problems (after von Bertalanffy 1968). The thick solid line divides
the range of problems that are solvable with analytical methods from those that are difficult or impossible using analytical methods
and require numerical methods and computers to solve. Systems problems are typically nonlinear and fall in the range that requires
numerical methods. It should be noted that whereas some special problems that fall in the areas labeled impossible in the table are
actually possible to solve using analytical methods (frequently requiring special tricks), in general one cannot depend on a solution
being available. Computers have guaranteed that a solution can be found in all the cases listed in the table.

Linear Nonlinear
One Several Many One Several Many
Equations equation equations equations equation equations equations
Algebraic Trivial Easy Difficult Very difficult ~ Very difficult ~ Impossible
Ordinary differential ~ Easy Difficult Essentially impossible ~ Very difficult ~ Impossible Impossible
Partial differential Difficult Essentially impossible ~ Impossible Impossible Impossible Impossible
Figu29 EGNF OGSR FNRBY [/ 2yaiul yl |l o6 veRoyn? YoraRaR Sif eAayUaS YOE2E YdLJE . SAE2 { SGO2S y20

Computer software programs for modeling have come to bring tools to deal with the complexity of
systems, providing the capacity of tracking nonlinear effaftone element overanother in a
broader chain happening osecutively 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 anah desigsistently with

the conception of simulation research as a tool for the practice of the scientific méMeddows,
2002).

Following this idea of Meadows, compuerodeling activities can work as a social exploration and
design tool through the iterate 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 alsthaids
system conceptualization stage, which improves the model formulation #eh again the
simulation This increasing the likelihoaaf performing a good policy analysis, along with improved
support and implementation process
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Among thediverse applicatios

of computer simulation hlpé:;ijﬁ;ﬁbn\

modeling, ecological modeling Understandings

for management issues anc \ /' ofa syseem \
strategic  intenentions  are Probiem
becoming ever more common analysis definiion
Specifically, SD modelsare l
expected to be helpful in

desigring organizational Simulstion concmmmamtion
interventions, to explore and

make evaluationsand to find Nodel ‘/
the most adequate actions as fornulation

solutions for problems. When
the model building process is Figure 1: Seven step modeling process (Start: Problem

related | to in?ple.m en'FatiQn dR?Elfll;g}S[;)npar;)j);ie; ’blyg g{llc):-hardson and Pugh (taken from

plans in organizations it is

applied as a tool F2NJ & Figu3¥NBY %201 o6Hnnno® ¢! Om(mér f
NEZSF NDKES AVINRT2MW 2NBFyATFGA2YFE O2yadd it dAzy
analysis of different sizof complex systems or organizatigmghile at the same time giving practical
possbilities of application (Milling, 2007).

Some characteristics of complex social systehmsve been identified after the application &D
principles to the studpf some organizations, for example, the ones stated by George Richardson in
KA a |Beediak\thodght in the social Sciences and Systems TiieorNBE F SNNBR o6& %2 0]

Complex systems are remarkably insensitive to changes in many system parameters
Complex systems counteract and compensate for externally applied corrective efforts
Complexsystems resist most policy changes

Complex systems contain influential pressure points, often in unexpected places, from which
forces will radiate to alter system balance

Complex systems often react to a policy change in the long run in a way opposite toely

react in the short run

V Complex social systems tend toward a condition of poor performance.

<<<<L

<

As we have seen, System Dynamic models have been lately used irecaoigical systems
modeling and they are considered also as a tool for understandmgahfiguration 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.

16



Energy analysis complexity for a sustainability assessment

Current world energy issues are demanding more accurate and manageablefvweysg accounted

for. According to Giampietro et al. (2013) traditionally what is common to see in the nationayene
balance are statistics with dubious methods of aggregation that provoke misleading conglusions
therefore the ability to make informed decision with this information is limited. They also consider
that the linear representation of energy flows going ddferent parts of society tend to miss
autocatalytic loops of energy, meaning the loops that allow the reproduction of the systerrakad

the system to different equilibrium states

A systemic comprehesion of energy transformation has to have defined boundaries regarding the
time and space related tthe type of energy beingheasural, and a fertinent scale of analysis, only

in this waycana quantitative analysis can be performed. At the saime, it must havea qualitative
component that suppo” 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 approacheghin the history of enegy accountindpecause

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 deloped for a bieeconomic energy analysis is MUSIASEM. This
approach claims to makpossible tostudy the feasibility, viability and desirability of the societal
metabolic pattern of a society. According to Giampietro (2012) the societal metabolic pattginen

by the processes of energy and material transformation that society is consuming to @iitsnu
existence and functions d@he current levels. Societal metabolissdlso a notion used to assess the
sustainability level of a society because theemgy 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 sustainability appraisal; those will bex@ained in the following
chapter.

Before continuingit is pertinent to explain some of theompatibilitiesthat can be seen on first sight
between MuSIASEM and SD methodologlyich in turnmotivated this research project.

MUSIASEM and SD as dialogameworks for modeling purposes

There are two important statements to consider when integrating two different frameworks in an
evaluation exercise like the present work: accogdto Allen (2013), mosicientfic work is based on
formulating modelsof pheromenra. Nevertheless, the comprehensiofthe phenomena expressed
through its narrative is essential to build those modelse validity of a scientific framework or
narrative is an important condition for its usefulness and applicabliityaddition 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 gamtrative on the phenomena: In order to produce models of the
world in a coherent way, it is important to have rarrative capable of comprehendinthe
phenomena to observé 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 argments in favor of integrating disciplines or narrativese found that complex
systems have characteristics thateanot suitable toreductionist approaches, for instandbe
conditions of upredidability, path dependencyand multi-scale organization.Regarding a
sustainability analysis, he appropriation of astrong ddinition of sustainability impliesa)
consideation of biophysical matters withianergy and economic analysis (Giampietro, 2013) and b)

a systemic world view with alpossibleinteractions captured, while maintaining arexplicative
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 (robustess) and precisignconditions hard to achieve when referencing jastsingle
discipline.

Any framework or methodology that intends to make a sustainability assessment of complex systems
by using computer modeling tools muskeinto consideration three mjor independent categories

which represent, at the same time, questions and opportunitiedeummodeling complex ecological
economic systes, asaddressed by Constanza (1993):

a) Application of the evolutionary paradignmto modeling ecological economic syss:
uncertainty, surprise, learning, path dependence, multiple equilibrium, suboptimal
performance, lockn, and thermodynamic constraints, specifically the applicability of
thermodynamic principles. A key issue is the choice of measure or muitgdesues of
performance of the system selection process to be observed.

b) Scale and hierarchy considerationslefinition on how hierarchical levels interact with
each other and how to develop three basic methods of scaling for modeling ecological
economics sstem, also to explore how thehaoticsystems dynamics arfdactal theory can

be applied in this area.

c) Nature and limits of predictabilityin modeling ecological economic systems: nonlinearities
raise the questions on the influence of resolution on ferformance of models, specially
predictability, modeling efforts have demonstrated that behavior or the system state is very
sensitive, for instance, to the change of initial conditiofer this reasorthe need of better
measures of model correspondenedgth reality and long term behaviois stressed The
criteria: generality, realism and precision, is proposed to be incorporated in the observations
and measurement development.

As we can observe, for Constar{2893), 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 oth8imulation research seerfisto explore

the influence of scale, resolution and hierarchy definition on the behavior of the system.
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delivered to the Balaton group in 1998, develops suggestions for indicator processes and linkages
and states that information sysm 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 fundamt in order to have a better angsis 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 ohalysis selected.

Table 2.1 Examples of non-equivalent assessments of the energy equivalent of | how of human labour found in scientific analyses

Level ‘Girain " and NARRATIVE Range of Energy Factors affecting
Time Hovizen” vehre s Tyre the assessment
of i sses sment

3 Centurics EMergy analysis of 10100 G Embodied solar
Gaia Millennia biogeochemical energy
cycles and ccosystems

Ecosystem type

Choice in the representation
Transformitics

Choice of ecological services
included

wiapqened aup Suraifacy

1 1 decade Sowcietal 200400 M il egquivalent *  Energy sounce mix
sociely 1 century metabolism * Energy carrier mix
= End uses mix
« Efficiency in energy uses
» Level ol technology
= Level of capitalization
n 1 year Time allocation 2.0-4.0MI] Food energy +  Cuality of the diet
household 1 decade Technological conversions  20-40MJ il equivalent * Convenience of food products
» Food System characteristics
n-2 1 howur Physiology 0,2=2,0 MJ ATPTood energy *  Body mass size
bodyforgans 1 year = Adivity pattemns
*  Population struciure (age and
gender)

Figur4 Examples of norequivalent assessments of the energy equivalent of 1 hours of human labor found in scientific analyses (from
Giampietro et al., 2013: p.40).

Giampietro et al. (2013) considethat if a more appropriate and usefudnergy analysiss to be
developedbased om particular methodology, it musionsider as crucial transparency regarding:

V Scaling assumptionsiked to thenarrative of energyransformation; this meansoherency
between the assumptions made based on the energy use prpdbss$ includes the
definition of goals of the process, boundary conditions, initial conditions and time horizon

V Semantic choice aklevan energy forms witlrespective 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 feastgidomain.

19

L



The integration of SD with MuSIASEM a testing exercise responds to some conceptual similarities
foundin 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 f@eorgescesw 2 S3ASy Qa Y2 RS
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 informatiomuaterial over time under a certain
system boundary is from where the dynamic behavior arises froim fiom the interaction of thee

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

system generating thedynamic behavior (Richardson, 2011).

- MUSIASEM provides a form of accounting the societal energy requirement in different levels
(national, economic level, households and specific seftgrounded on asocietyQ anternal
configuration (such as populati composition or socio economic identity) regarding its functions,
and on its external constrais (primary energy sources and natural resources availability). The closed
boundary selectiomf the system implies the need féwcusing the study on the stature 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 atlocation. Each level represents one boundary
selection. The integration of levels must give place to the aggregated behavior of society. The
sustairability analysis is based alsa the congruence of the dynamics between each |lewithin

the external onstrains of the society as a whole.

Paid Work

Economic Sectors

Services and
Government

Level N-2

Sleeping

House Holds

Figur5 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 theexistence of a pattern of energyse in the society according to its
structure and its recurrence tthat pattern of MUSIASEM approadhbased on the thermodynamic
equilibrium state commonly used to explain chegteristics of complex systems. dtates that all
systems tend to evolve chacterized because within itself all the system properties arteanined
for intrinsic factors and not external influencegg., 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 meaningténaitio
not move to another equilibrium stateThermodynamic laws ampplicable tathe study of ecological
economic systems (Eriksson, 199Mhis could imply thexistenceof a balancing feedback lospn
the system but it can be also result ofenergentbehavioror adaptation capacity driven by changes
in the agents within the system wdh is out of the scope of SD methodology.

The former first sight findings on similarities and compatibilitiesf both perspectivesand the
theoretical match withkey issues on sociecological system modelingiotivate the study of

MuSIASEM framework as a narratased SD as a method of analysis at the time of witugl society
and energy issues for sustainabiligttending as welthe authorscall for externablisciplinesscrutiny
on the framework.
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Chapter 3

MuSIASEM framework explanation

22



MuSIASEM framework explanation

TheMulti-Scale Integrated Analysis of Societal and Ecosystem Metalegigroach(MuSIASEM) is
one of thelatest methodologies that provides basis to a f@oonomic analysiand it proposes an
integrative way of dealing with multiple scalbyg offering a characterization of eacbkocietallevel
(national, economic sectors and house holasording to its matter andreergy flowsto analyzethe
feagbility and viability of thesocietal functions and ecosystem state.

Past applications of this methodologgtempt to address the implications of demographic changes,

peakoil determining a declining supply of netengy sources (Giampietro et al. 2012; Sorman and
DAFYLASGNRET wnmn0 FYR GKS ST¥FSOha 2F (GKS WS@2yac
in the metabolic pattern of societies (Polimeni et al. 2008).

MuSIASEMvas originally developed to achiewsn analysis of the metabolic energy pattern of a
society but later applications havextended it to coer the energyfood-water nexus.Currently the
Food and Agriculture Organization from United Nations is usitogdévelop aNexus Rapid Appraisal
to support governmentaldecisionmaking processe® evaluatethe impactsof certain actions across
levels andsectors of society.

Societal metabolism definition

According to the main literature on the framework, tbencept of societal metabsim establishes a

link betweenexosomaticenergy, which isnetabolized ly humans outside the human bodsnd the
endosomaticenergy, metabolized inside the human bodiGeorgesctRoegen, 1971). This implies
that the exosomatic miabolic 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
versusnon-paid work,leisure plus physiological overhead), and (ii) within #deenomy 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 acrss these diffeent functions reproducing humans in the household sector and
reproducing the economiprocess in the economic sectors,the result of a complex set of relations
(productivity of labor in the various sector, that in turn is related to the amount of pavapacity,

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 compartmef the society may bring system instability. In relation

to this point the MUuSIASEM approach makes it possible to assessathiéty domainof dynamic
energy budgets associated with the metabolic pattern of a country.

An example of the biophysicahd economic interrelations that this framework impliggd to be
reflected in the next conceptual Model. In particular, the MuSIASB&kes it possible to study the
feasibility, viability and desirability of transition (adjustment) to different values of the dynamic

*The Energy, food, water nexu8 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/
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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 variousompartments of the society. As we can observe in the next diagram, biophysical
and socioeconomispheres aranterrelated and in constant interactiomny change in the primary
sources of energwill have an impact on different societal issues such asggneonsumption and
demand levels, food production, economic stress, natural capital impact, environmental degradation,
labor force composition among others.

Biophysical sphere

Socioeconomic sphere

DRIVERS
Population

Fundamental aspects to s | cnrgydemana  Jeswonses
understandthe specifc polices
MuSIASEM approach

Policies and target

PRESSURES

A) Integration of scales

using Georgescu2 T ACAT ¢ i
fund flow scheme

This approach was develope \

integrating  concepts  from T
diverse fields such ason- B e,
equilibrium  thermodynamics e
applied to ecological analgsi

(Odum, Ulanowicz), complex Figurs Example of the integration of biophysical and economic variablesing the
system theory (Kauffmann, DPSIR framework (Kristensen, 2004). Own elaboration.

Food production
Other sources of energy

IMPACT
Raise in working hours
Food distribuition

Health, ecosystem

system

Technology break
Environmental

STATE

degradation

Morowitz, Rosenand Zif) and

bio-economics into a semantically opearrative that includes quantitative descrifns, in order to

be able to describe the processthat takes part at different scalegGiampietro et al., 2009)
consideringthem simultaneouslynto the sustainability analysidhe sustainabilitanalysis idbased

on the viability and desirability of patterns of production and consumptifnsocieeconomic

systemsandits feasibility based on biophysicalements.

In order to keep track of all transformations implied in teecietal development considering its
biophyscal roots the categories developed in theeorgesctRogen modelvere adopted:

Funds are the elements that remaithe sameregardless altransformations in the system
during a period of time. Funds havle capacity of transforming input flows into outp
flows during the time scalef the representatiorand preserve themselves. They can be used
only at a specified rate and are periodically renewdexamples: land, populatioWVithin
MuSIASEM approach the fund respomalsvhat the system imade of

Flows elements thatdisappearor appearover theduration of the representation, they can
be an output without ever having being an input wice versaFlows in this case can be
matter or energy controlled or dissipated. Thaize of these flows depends on internal
(capacity of processing a flow, for instance, technology) or external (availability of an stock of
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a natural resource) factordwithin MuSIASEM approach the flow respondswibat the

system does

In MUuSIASEM approadiows are characterizedn relation to their funds, for instancegnergy
consumption per year per capitavater consumption per hectare because in this way it is possible to
integrate with sufficient coherence different analysis dimensions required in the approAth the

use of funds and flows categories benchmarks ratios of knowrtypologies of metabolism are
defined for exampleaverage work productivity per houAs well, MUSIASEM idea of sustainability it
is based orthe maintenanceand reproduction of the fund elements in the metabolic process of

society during the period of analysis.

Regardinghe sustainabilityassessmentMuSIASEM brings a method to make a sustainability check

groundedon:

Feasibility of scenarios

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

oY ool: environmental impact matrix

Desiarability of viable scenarios

Comparision of the resulting
metabolic pattern (flow/fund ratio)
regarding the functions at a local scal
with benchmark values of certain
types of socioeconomic systems.

Viability of scenarios

wCongruence 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.

wrool: multilevel, multidimensional
matrix

B) Sudoku Effectin production and consumption representation across scales :
MuSIASEM divides wiocietallevelsfor the analysisto analyze the consumption and production
sides The Sudoku effect implies that the characteristics of the parts must be compatiblehase
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of the whole andvice versanevertheless, there is no causal relation between them. By using a
multipurpose grammar to perform impredicative loop analysis it is possible to construct a
multidimensonal matrixhat appeals to have a sirail effect as the Sudoku game.

According toGiampietro et al (200%he divisions of levels arthe following:

Individuals level @3)

House holdsind Paid worlevel (n-2)
Economic sectorevel(n-1)

National evel(n)

= =4 =4 =

Is fromthis 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) consumptionit is focused on the analysis of tifiend Human Activity (HA)
based on endosomatic metabolism, which means, ¢haversion of energy inside the human body
into human activity. In order to maka profile of the populationto analyze its total human activity
there were set differenstructural types of individuals(a, b, c, d, e, fin relation to theirage and
genderbecause each individuglpe has different activitiesvithin the society

AGE FEMALE| MALES
> 65 years a b
16-65 years C d
< 16 years e f

The human activity (HA the individual leveis considered to be:

1 Physiological overheaHAegwhich includes non productive activities as sleeping, eating,
personal care

1 Paid workHAew); includes economic activities performed by the individuak

1 HouseholdlA4c+LE it includes chore$C) leisure(L)and educationE)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 thactivities performed. The numbers in the representation are
calculdaed hypotheticallyconsidering a population of 100 individuals.
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Grammar and dictionaries for a developed society (100 people)

LEVEL OF INDIVIDUALS —level #-3

-:: = a e 8768 hours THA = E‘i"ﬁ,ﬂﬂl} hours
B, PO G0 | HEC4LE 60% for 100 people
o, 8,760 howrs "
d. F050%  [PMIEERMCLE 30%
= Jiv
8 7ot frowrs
e. o -
§ === PO 50% 1 __HC #LE 60% I
dependency ratio 50%
_ _ resulling profile of
distribution of mstances over dhiztmbution of howrs over the set of categones diztribution of THA
3 oiven set of struchural tvpes of activities (fonctional types) per structural type over the given set of

@=b-t-d-e-=£)

Structural types

types of human organisms

(PO - PW — HC + LE)

calegories of activilies

human activitics stabilizing an sxpected

Functional types  jy0500itic set of funds and flows

making up a population

Instances of Type a.= 13; Type b.= 13, Type c.= 25, Typed.= 25, Type e.= 12, Typel.= 12 = 100 people

Fig. 1. Representation of endosomatic metabolism (level n—3).
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al., 2009: p.5).

I goBletids ¢@vampletrd @idmPidtro ét

House holds and Paid Work level (N-2) This level deals with the conversion of enepgyceived
as human activity within the socioeconomic procdes example, two adults and twelderly people
will have the samamountof Human Activity but their sharef this human timeo the economic

process wilbe greater in the case of the aduliswe talk of a developed countgontext. There are 3

types of housbolds definedusing the categorie of individuals of the previous level.

Type of Number of Age and gender
household people
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 productiise services and

Ol t Odz |

products which at the same time requires energy, material and human time of work investments and
supply hous of paid work to the rest of society. In the next figure we can observe a visualization
where the different share ohuman tine dedicated to the different activities of individuals varies
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within each household because its compositiome 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 foanf) each householdvhich will be further explained in
the next level

Types of Households velifie HH
LEVEL OF HOUSEHOLDS - Jevel n-2

FOOL 2,008 kg groins) — LeisureEducation

o =3, +h. = I people = 17,520 hors P~
| 00 hrs work for Pmthm A L

————ll
B. =a +b.+ea d = 1peoph = 35,040 houre 3400 bre PO aupply

r“ﬁ.

Y. =& +d.= 2people = 17,520 hours | mluwu:lct'uﬁtnl:{i ] Houzehold
Delimiing iy pes at loved w=2 using tvpes of deved m=3 x’f Size ] ‘szg howrs ‘ e
P Physwological Cverbiemd
420,480 ' _
hours / FOOD (4,000 kg grains) |, LesuwreS&Education
137,760 227,760 ;’

hanrs

R 1,200 L for P 'd‘h-"'" B
Fi Way oF Frniuree - 3
k g 3500 brs PW supply

e
- L 5 L
o
-D- | 2,200 krs wark for Ser\']ke_r‘__f_i‘- j Househok

Chores
13 ) =
i ‘;£ e \ Sige 35,040 hours
33% \ Fhysiological Owverhead
Prafile of distribution of THA L
ovar 3 feval r=3 types LA FOOD {2,000 kg grainsh [eisuredBdue o
Instances of Type &, = 17, Type . = 12, Type y.= 12 J

i

[ %00 hirs work for Fraduess | Y. —S 0 hws PW supply
"-\-u-'-'_- I.' il
LEVEL OF ECONOMIC SECTORS e

ll_dll'llm wak fnr Bervices _"_, Houeshold
level n-1 b Chetes
. - 2 Size 17,520 kours 1
Charactenishics of the HH sector Physiological Overhead

Fig. 2. Representation of exosomatic metabolism Ffor consomption (level n=2].

Figur8 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 ahe popuation composition in each, thdofw of
products and servicesequired can be calculated which at the same time is associated to an overall
supply of paid work timeln this way a bridge betweemouseholds and the rest of the economy by
the assessmenof the hours of human activity dedicated tthe paid work.The paid work require
should be compatible with the one that is supplieg households in the first representation. At this
point, the characteristics and conditions of the see@mnomic system will define technical processes
used to geneate the supply of paid work for example, the productivity lalbor per hour or the
biophysical prductivity for products and services.
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Linking Poduction with Consumptionsidethrough Metabolism indicators

In order to describe the prodition side of the society, it is needed to keteack of the allocation of
the human activity in the different parts of thgystem.Two kind of variables are needed to be
distinguished extensive variablegsimilar tofunds in the Geourgescu Roegen model) which have the
characteristic of beingdditivesand intensive variablethese variables can nobe added and they
represent a ratioduring a period of time. For example, in order to calculate the exosomatic
metabolic rate (which is one of the main indicators for the sustaiiigh assessmentusing
MuSIASEM)f certain compartment, foh y & (i I y O § wetwbulldin®ed mdivide theexosomatic
throughput of a given compartment (ETi) per hour of,H&., EMRi =ETiAd In thisway it is possible

to set benchmarks of what is required in technicabital and exosomatic energy tboost the
efficacy of 1h of human activityThe next illustration showan example of thimssessmenin the
production and consumption side of a society.

FUND varialde < 344 Gh

Todad Exovomalic Throughpst — 4,200 PJ e
METABOLIC RATE = 123 8N (FLOW varishle) Leveln
x e .
. Luvel »
i EMR,, |
THA HA 123 Mdéthosr!
S0y, = 934 Sarat 12.3 MUheur 344 (b
vy '8 S1 el T 8
]
HApy TET Haww | | TFI
21 G | 4,200 PJ Leveln-z 23Gh | | 42007
Level ned P >
comumuc m I['?f: PJ 7 [)ﬂ“llﬁCi.: :
—_— Shyr = 24% bkt
EMRyg >  EMRyy — - Y
33 Ml hour | 137.7 Mo 3200 1) 10y 6%
ET:y

CONSUMPTION

\

FUND varisble = 321 Gh

METABOLIC RATE =33 MM METABQLIC RATE = 137.7 MM
Exosomalic Throwghpwt ~ 1,000 PJ Level n-1 Exosernolic Thronghpwt ~ 3,200 PJ
(FLOW variable)

(FLOW vumbie)

—_—_—

PRODUCTION

FUND vartable = 23 Gh

Fig. 4. Establishing a bridge between representations of expsomatic merabelism referring to consumption and production

Figur9 Production and consumption comparison of metabolic rated of Spain 1999. (Giampietro et al., 2009: p.9).
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In order to makeassessmentef each levels using MuSIASEM théofeing variablesre considered:

Variables Level N Level N1 Level N2
THAC total human | HApw: hours allocated in PW HAps total labor hours in
. time available for | sector in a year Paid sector for 1 year.
EXt_enSIVe the whole HAdH rest of THA in Hekector in | * Units Gh
variables | economy ayear
for fund | (24h x 356days x PW sector in this level is
HA population) divided in PS (industry), S
(services and government
THA=HAW+HAH and AG (agricultural
sector)
TETC total ETPw- exosomatic energy ETPS: exosomatic energy
. exosomatieenergy | consumption for the PW sector if consumption in pal
Ext_enswe consumption in ayear sector in a year.
variables | joules for the ETHH- exosomatic energy * units: PJ
for flow | whole economy in | consumption for the HH sector ir
ET a year. a year.
TET= BEW+EFRH
EMRsA - how much| EMPRw- how much exosomatic | EMRs:how much
exosomatic energy| energy is used per hour tdbor | exosomaticenergy is used
is consumed per | in the PW sector aswhole. per hour of labor in PS
hour of human EMPRw= EPWHAPW (production sector
time in the whole industry) as a whole.
society. Fund share M/N: indicates how | EMRs=ETPSHAPS
much human labor is used in thg * units: Mj/h
EMRsa STET/THA | PW sector compared to THA. Th
value is determined by condition| Fund share N2/N-1.:

_ as the demographic stature, fraction of labor used in P
Intensive social rules, habits, education (industry) compared to
variables level and workload of workers. | HApwin the PW sector.

Measued as ratio of HAw/ THA | Ratio between His N-2)
and HAw(N-1) * Unis %
Flow share NL/N: how much
energy is used by the PW secton Flow share N2/N-1:
compaed to the total energy fraction of exosomatic
consumption of the whole energy used in PSin
economy. Calculated as ratio of| relation to the exosomatic
EPwWTET energy in PW as a whole.
Ratio between EB(N-2)
and EPw (N-1)* Units %
Indicators| Bio-economic pressure: indicatéise degree of pressure generated by the expecte
congruence | lifé style and the structure of the consumption seutwer the technical performanc
production | ©f the production sector (industry). TET/tAonsumption
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and
consumption

Exosomatic hypercycle ability of production sector (indiry) to generate a
biophysical surplus of products using only a small fraction of TET and THA for it

operation. TET/ H#S production

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

EME,, - 123 MI% Fre
Performing the analysis of Level n A EMR,,
i : THA 123 Mdhows
metabolic rates across -~ | 340y .
. M
compnrlmonts opcrnlmg a !
- . - |
at different hicrarchioal levels
Hltgs T
Levelw.d 23GH] 1,300 P)
EMR,y - 135 0IN (FMEpe
Level n-f | 128 Ml Mhoar produckng |
HAe | B3GR © Bl
- [ v
I - FMBn o £
| 3,200 ¥ 10, ™%
HAs | 3200 P} 1377 MJour S %
Tah l / ET:
' x THe ' <o Sectars ot Level
, = s
E\'Rm l-l'- 2 300 PI -~
AN Miesr I

— — -1

I S 3 :
Level n-2 opeming the *black box _ I
PS \G

at the leval 1-2 N
SG

SEMIh XOMIN  SDMIh

Figur10 Analysis of metabolic rated across levels. Spain 1999. (Giampietral.e2009: p.12).

Ly 9A38yQa S$02t23A0Ft G(KS2NEBSI KeLISNDedtsS ra 2yS$
can bedivided;the other is the dissipative part. Hypercycle is the part producing a net supply of energy for the

rest of the ecosystenin 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, educatiosuteiand 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 hutiky aed
total exosomatic throughput like a reinvestment.
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The next figure showan extendedlivisionin whichMuSIASEM managéhe societaldata. The

green sectors ar®ivision levels of society characterized by issgbative 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).

Figurll Societal level, extracted from Food and Agulture Organization from Unitated Nations working paper
E1TLIX AOFGARZ2Y 2F G(KS adf L! {9a I LIINRIOK (2 GKNBS OFasS aidzRRAS:

Toolsfor the analysis

Multi -level / Multi -scale accounting: itisrelated(i 2 G KS ¢ K 2 K@estléwhér&eéaghNE 0 @
part of the system conforms a larger part and this gabsequently conformthe larger whole. Each

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