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1. WHY - thecontext- theEU H2020 MAGIC Project

A new approachto theNexus: a qualitycheckon the

processof productionand use of scientificinformation

for governanceisessential(co-production)

2. WHAT - thetheory: new conceptsfor theanalysisof the

metabolicpatternof social-ecologicalsystems, 

#euforiebcn

3. HOW ðthemethodology- relationalanalysisof themetabolic

patternof societiesto studyof thewater, energyand foodnexus



Thenew approach to the nexus proposed by the MAGIC 
project ςco-production of knowledge about the nexus.

It implies:

1. a quality check on the pre-analytical choice of 
narratives; and 

2. a quality check on the analytical choice of formal 
representations used for the integrated assessment



The nexus as a biophysical problem



The nexus as a scientific challenge



The nexus as a problem of governance



Semiotic process

associated with

THE NEXUS

Handlingnon-equivalent descriptivedomains, 

non-reduciblemodels andlargedoses of uncertainty
What is generatingtheentanglement

REPRESENTAPPLY

TRANSDUCE

EXTERNAL WORLD

Demandandsupplyfor

Water, EnergyandFood

Sectors andflowsinterfaced

with landuses, ecosystems,

non-renewableresources,

atmosphereandclimate

SCIENTIFIC INQUIRY

* òCartesianPredictionandControló

basedon evidencebasedpolicy

EvolvingInstitutions

for Governance

Definingpriorities

over integratedproblems

Generating

diagnoses& scenarios

Implementing

integratedpolicies

Learningbydoing

Political Process

Strugglesfor thedefinitionof Story-telling

Rediscussingpowerrelations

betweeninstitutions

Updatingprioritiesover

competingnarratives

Restructuringorganization

withinandacrossinstitutions

IDENTITY PURPOSES

Whosevaluescount?What wewantto sustain?

GOVERNANCE

TRANSDUCE

* òPost-Normal Scienceó: quantitative

analysiscompatible withuncertainty

wisdom, fairnessandadaptability

Purposes

BeliefsActions



TheNEXUS representsa challenge to the conventionalsystemof 
governancebecauseit requiresconsideringsimultaneously:

Ådifferent purposes(WHY do we needaction); 
Ådifferent narratives (HOW can we solvethe problem), and
Ådifferent representations(WHAT is the problemandWHICH 

targetsshouldbe used)

Whendiscussingthe text of EU directives any decisionabout targets
(WHAT to achieve) andproblemsto be solved(WHAT has to be fixed) 
reflects/dependson a givenchoiceof narratives aboutof the issue
(HOW to eliminatethe problem).  
Butwhat if by eliminatinga problemdefinedusinga givennarrative
reflectedin models referringto a  givenscalewe will generate another 
Problem defined in a different narrative referring to a different scale?



Challenge #1

Ƙƻǿ ǘƻ ƛŘŜƴǘƛŦȅ άǘƘŜ ǊƛƎƘǘέ ƴŀǊǊŀǘƛǾŜ 
ŦƻǊ άǘƘŜ ǊƛƎƘǘέ ǎǘƻǊȅ ǘŜƭƭŜǊΚ

Narratives as explanations of causality



Event to be dealt with: THE POSSIBLE DEATH OF A PARTICULAR INDIVIDUAL

EXPLANATION 1 --> òno oxygen supply in the brainó

Space-time scale: VERY SMALL Example: EMERGENCY ROOM

EXPLANATION 2 --> òaffected by lung canceró

Space-time scale: SMALL Example: MEDICAL TREATMENT

EXPLANATION 3 --> òindividual is a heavy smokeró

Space-time scale: MEDIUM Example: MEETING AT HEALTH MINISTRY

EXPLANATION 4 --> òhumans must dieó

Space-time scale: VERY LARGE Example: SUSTAINABILITY ISSUES

Doctor in the 

emergency room

Pharmaceutical 

researcher

Tax expert

Philosopher

Story-TellerNARRATIVE



Event to be dealt with: THE POSSIBLE DEATH OF A PARTICULAR INDIVIDUAL

EXPLANATION 1 --> òno oxygen supply in the brainó

Space-time scale: VERY SMALL Example: EMERGENCY ROOM

EXPLANATION 2 --> òaffected by lung canceró

Space-time scale: SMALL Example: MEDICAL TREATMENT

EXPLANATION 3 --> òindividual is a heavy smokeró

Space-time scale: MEDIUM Example: MEETING AT HEALTH MINISTRY

EXPLANATION 4 --> òhumans must dieó

Space-time scale: VERY LARGE Example: SUSTAINABILITY ISSUES

Story-TellerNARRATIVE

Doctor in the 

emergency room

Pharmaceutical 

researcher

Tax expert

Philosopher



Challenge #2

Ƙƻǿ ǘƻ ƛŘŜƴǘƛŦȅ άǘƘŜ ǊƛƎƘǘέ ǎŎŀƭŜ 
ŦƻǊ άǘƘŜ ǊƛƎƘǘέ ǇǳǊǇƻǎŜΚ

Scale as a lens through which observe the world 



USA

Theissue
of scale

WHAT yousee

WHAT yousee

HOW to see

HOW to see

WHY youhavechosen
HOW to seeWHAT you
see. . .

WHY youhavechosen
HOW to seeWHAT you
see. . .



USA

Perception/Representation of space = globe

Perception/Representation of space = plane

ThevalidityƻŦ άevidencebasedpolicyέ dependson the choiceof story-telling

If youwant to solve
this problem. . .

Youseea spacewhich
is a flat surface

If youwant to solvethis problema

Youseea spacewhichis the
surfaceof a sphere



HUMMER: 45,000 US$

Fuel economy: 6 km/liter

SMART: 10,000 US$

Fuel economy: 14 km/liter

Which one of these two cars will generate 

more harm to the atmosphere in terms of 

emissions?

More than 1.6 million and 

counting

Out of production since

May 2010

¢ƘŜ WŜǾƻƴǎΩ tŀǊŀŘƻȄ

Willliam Stanley Jevons

The coal question - 1865

More efficient cars will imply
more consumption of gasoline!



INFORMED and ROBUST POLICIES

Quality Check on

chosenStory-Telling

Whodecides whatnarrative

is relevant?  How?

STEP 1

Quality Checkon

Integrated Analysis

Are thenumberstalking to  

eachother?

Canwedefineand identify

óapplesô and óorangesô?

STEP 2

Quality Checkon

Deliberative Process

Is it a fair process?

Is it aneffectivedeliberation?

STEP 3

Normativeinput:

Choiceof story-telling

Descriptiveinput:

Quantitativeanalysis



Identify policy 
and 

innovation 
Narratives

Agree Nexus 
aspects to 
explore

Develop 
Quantitative 
Storytelling

Run Multi-
Scale Nexus 
Accounting

Visualizations 
and 

simulations

Discuss 
outputs and 

reframe 
Narratives

Qualitative
tools

Perceptions

Quantitative
tools

Representations

Thechallenge for MAGIC: would it be possible to move
fromάpolicybasedevidenceέ ǘƻ άquantitative story-tellingέΚ 



2. WHAT - thetheory: new conceptsfor theanalysisof the

metabolicpatternof social-ecologicalsystems, 



A set of functional and structural components 

operating in the technosphere (processes under 

human control) within a prescribed boundary. The 

components are linked through a pattern of expected 

interactions determining a dynamic interdependence 

over their identities. 

The goal of a societal-economic system is that of 

reproducing and maintaining its identity while learning 

how to become more adaptable.

Definition of a societal-economic system



A set of functional and structural components 

operating both in the technosphere (societal 

processes) and in the biosphere (ecological 

processes) within a prescribed boundary.  

The components are linked because of a pattern 

of expected interactions determining a dynamic 

interdependence over their identities.  

Definition of a societal-ecological system



The situation in the past

Circular economy



FUNDS FUNDS

Ecological
Metabolic
Pattern

FLOWS metabolized
by ecosystems

sinksupply

A.

B. C.

D.

FLOWS metabolized
by society

wastes inputs

PATTERN
ECOSYSTEM 

ACTIVITY

PATTERN
SOCIETAL
ACTIVITY

Å Solar radiation
Å Watercycle
Å Nitrogen cycle
Å Carboncycle
Å Othercycles

FAVORABLE
BOUNDARY
CONDITIONS

imports

exports

$

$

COMPATIBLE

SIZE

POPULATION
Extensivevariables

1,000,000 people
(needinggrain
for a year)

FLOW-FUND RATIOS
Intensivevariables

300 kg p.c./ year
(grain requirement)

300,000,000 kg/year
(grainconsumed)

300,000,000 kg/year
(grainsupplied)

Land uses
Extensivevariables

500,000 hectares
(producinggrain
for a year)

FLOW-FUND RATIOS
Intensivevariables

600 kg/ha/year
(grainyield)

Rural Urban
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Rural Communities

GeochemicalCycles

Agro-ecosystems

VeryLittle Surplus

(taxes)

Keyelements to

be reproduced



PRIMARY FOOD SOURCE

PRIMARY ENERGY SOURCE

The social perception

of primarysources

of relevantflowsbefore

theindustrial revolution

PRIMARY 

MONEY SOURCE



The situation after the industrial revolution

FossilEnergy!

Linearizationof the economy



Fundsof the
ecosystems

FLOWS metabolized
by ecosystems

sinksupply

A.

B. C.

D.

FLOWS metabolized
by society

wastes inputs

PATTERN
ECOSYSTEM 

ACTIVITY

PATTERN
SOCIETAL
ACTIVITY

Å Solar radiation
Å Watercycle
Å Nitrogen cycle
Å Carboncycle
Å Othercycles

FAVORABLE
BOUNDARY
CONDITIONS

1,000,000 people
(needinggrain
for a year)

1,000 kg p.c./ year
(grain requirement)

1,000,000,000 kg/year
(grainconsumed)

400,000,000 kg/year
(grainsupplied)

50,000 hectares
(producinggrain
for a year)

8,000 kg/ha/year
(grainyield)

Fossil
Energy
STOCKS

Technicalinputs
Emissions

$

imports

exports

$

600,000,000 kg/year
(grainsupplied)

(i)

(ii)

(iii)

Urban

SIZES ARE NOT

COMPATIBLEDEPLETION

DEGRADATION

EXTERNALIZATION

(iv)
COLLAPSE OF

SOCIAL FABRIC
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after Vaclav Smil 2003 Energy at the Crossroads, The MIT press

(Fig. 5.2 and Fig. 5.3)

oil fields

coal fields

phytomass

cities

industry

houses

supermarket

power density gaps

typesof landuses typesof landuses

Circular flows

Linear flows



PRIMARY FOOD SOURCE

PRIMARY ENERGY SOURCE

The social perception

of primarysources

of relevantflowsafter

theindustrial revolution

PRIMARY 

MONEY SOURCE



The narrative about economicgrowth in the post-truth world

EXPECTED DIRECTION OF
ECONOMIC GROWTH

> 3% per year forever

άvirtualizationof the economyέ



Is it MONEY still usefulfor MONITORING thingslike

wealth, scarcity, preferences, comparativeadvantages, 

ecosystemservices, social fabric, innovations? 

The dangerousattractor of 

ñPonziSchemeEconomicsò!
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D.

Fundsof the
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wastes inputs
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Printing moneyin the USA . . .



The EU bankis goingfor 1.1 Trillion ûjust to start



Global debthas increasedby$57 trillion since2007, outpacingworldGDP growth

246 269 286

Gloobalstock of debtoutstandingby type

US$ trillion, constant2013 exchangerate

February2015

Total debt

as % of GDP

+ 57 trillion

87

142

199

2000 2007 2Q 2014

http://www.mckinsey.com/insights/economic_studies/debt_and_not_much_deleveraging

199 trillion =

286% world GDP



February2015

Only therich can

gointo debt!

Takingfrom thepoor

givingto therich . . .



Charles Ponzi

Starting

Investment

TAKE THE MONEY

AND RUN!

NO PLACE WHERE TO RUN!

Whenthe schemeis
operatingat this point, 
it is the bestof the
possible
investments!!!!!

Why isoil below60 US$/barrel?



PRIMARY FOOD SOURCE

PRIMARY ENERGY SOURCE
PRIMARY 

MONEY SOURCE

The social perception

of primarysources

of relevantflowsamong

urbanelites . . .

!



technologicalinnovationfetishism



Marketcapitalization: 300 billion US$

Marketcapitalization: 150 billion US$

12,700 jobs

344,000 jobs

http://www.vaclavsmil.com/wp-content/uploads/Spectrum.manuf_.pdf

In 2015
24  MUS$ ăĄ 1 job

0.4 MUS$ ăĄ 1 job



3. HOW ðthemethodology- relationalanalysisof themetabolic

patternof societiesto studyof thewater, energyand foodnexus



It is not about handling individual numbers one at the time

BUT

it is about handling relations over profiles of numbers

(patterns) across scales

A quantitative characterization of the nexus requires

a different approach to quantitative analysis . . .

EXAMPLE #1



Illustrating the entanglementover flows: the exampleof the diet

3 flowsconsidered:  Energy Water Protein
(kcal)         (grams) (grams)

These3 flowsareentangledin anexpectedpatternsassociatedwith the dietary
requirementof a personςa profile of quantitiesper dayneededby anadult

Characteristicsof the requirement

2,100

2,500 56

ADULT BODY

Dietaryintakeper day



E. Drinking

water

(100 gr)

100

A. Milk

(100 gr)

140
78

3

D. Bread

(100 gr)

270

31
9

C. Beef

(100 gr)

100
70

21

B. Butter

(100 gr)

760

314

3 flowsconsidered:  Energy Water Protein
(kcal)         (grams) (grams)

These3 flowsareentangledin expectedpatternsassociatedwith the typologies
of food inputs in the diet ςa profile of quantitiesper 100 grams of food type

Characteristicsof typologiesof inputs

Illustrating the entanglementover flows in metabolicpatterns:
the exampleof the diet



2,100

2,500 56 REQUIRED PATTERN

OF NUTRIENT FLOWS

PER DAY PER ADULT 

(SCALED)

Extensive variables

measuring the flows as

ñtotal quantities per dayò

ADULT BODY

A. milk

140
78

3

D. bread

270

31
9

C. beef

100
70

21

B. butter

760

314

E. water

100

0 0

Intensive variables measuring patterns as profiles of ñquantities per 100 gramsò

SCALING

across the two 

sets of patterns

A. Milk 50 gr   

B. Butter 150 gr   

C. Beef 150 gr   

D. Bread 300 gr   

E. Water 2,250 gr   

70

150

1,140

810

0

40

105

25

90

2,250

2

40

5

27

0

Unused Surplus18 gr/day170 gr/dayUnused Surplus



When preparing a diet you cannot use models

looking at: 

(i) the requirement and supply of energy;

(ii) the requirement and supply of water; and

(iii) the requirement and supply of proteins; 

one at the time!

You have to study the implication of the entanglement

of these flows across non-equivalent descriptions

of processes referring to different scales



FEASIBILITY ïwhat are the external limits determined by 

processes outside human control (e.g. available resources)

VIABILITY ïwhat are the internal limits determined by

process under human control (e.g. affordability)

DESIRABILITY ïcompatibility with normative values and

stability of institutions

LEVEL OF EXTERNALIZATION ïhow much are we

exploiting the activity of other Societal-Ecological-Systems?

A quantitative characterization of the nexus must consider 

different aspects of sustainability of the metabolic pattern

EXAMPLE #2



A 33 HP animal powered harvester (controlled by 5 workers)

The nexus between water, energy, food, money and land 

in agricultural production in the great plains, USA, in 1930



Integrating data across dimensions and scales: 

agricultural production in the great plains US in 1930

Quantities required per year by 1,000 people cultivating 2,500 ha

GRAINS 

(for FOOD) 
400 tonnes for the diet Ą 200 ha   ïfor grains

GRAINS 

(for CASH) 
2,850 tonnes for the market Ą 1,600 ha  ïfor grains

(required power for cultivating

2,500 ha)

ENERGY activity of 364 horses/mules Ą 700 ha  ïfor oats

TOTAL 2,500 ha - cropped land



0.55 ha
land

for the market

275 tonnes
water

1 tonne grains

for food

0.55 ha
land

275 tonnes
water

1 tonne grains

energy/power

1.9 ha
land

665 tonnes
water

1 horse/mule activity

ENERGY FOOD MARKET ($)

(power for 2,500 ha of crops)

400 tonnes grains 2,850 tonnes grains364 horses/mules

(food for 1,000 people) (income for 1,000 people)

Requirements of 1,000 people per year

LAND

(1.9 x 364) + (0.55 x 400) + (0.55 x 2,850)

TOTAL 2,500 ha cropland TOTAL 1.15 MT waterWATER

(665 x 364) + (275 x 400) + (275 x 2,850)

Processes
producing
inputs



The metabolic pattern of a social-ecological system

describe how a society is producing and using the flows

of food, water and energy required to express its functions:

In human societies this pattern is determined by different

factors that can be studied only by adopting different scales

and dimensions of analysis: economic analysis, social and

institutional analysis, technical analysis, ecological analysis

Rather than trying to collapse such a rich characterization

into a single model, it is wiser to establish relations across

different levels and dimensions of analysis



When studying complex systems self-organizing across

different levels and scales it is impossible to identify a 

simple direction of causality: it depends on the special

circumstances, the history, the relations with the context 

It is not about determining unique directions of causality

and deterministic relations such as ñA because of Bò . . . 

A quantitative characterization of the nexus requires the

ability to handle impredicativity (chicken-egg paradoxes)



FEASIBILITY

Compatibility with processes

outside human control

EXTERNAL BIOPHYSICAL

CONSTRAINTS

VIABILITY

Compatibility with processes

under human control

INTERNAL BIOPHYSICAL

ECONOMIC CONSTRAINTS

DESIRABILITY

Compatibility with institutions

and normative values

Enough land?

Good soil?

Enough water?

Appropriate climate?

Is the profit OK?

Are the costs affordable?

Do we have the required know-how

and the appropriate tecnology?

Do we like it?Is it acceptable according

to our values?



FEASIBILITY
Compatibility with processes

outside human control

EXTERNAL BIOPHYSICAL

CONSTRAINTS

VIABILITY
Compatibility with processes

under human control

INTERNAL BIOPHYSICAL AND

ECONOMIC CONSTRAINTS

DESIRABILITY

Compatibility with institutions

and normative values

> 2.5 ha of arable land p.c

PLENTY OF AGRICULTURAL RESOURCES

CASE #1

MAXIMIZING ECONOMIC

RETURN

> 3 tonnes of grain per capita

DECREASING RETURN

TO SCALE

increasing production costs

INTERNAL CONSTRAINT

Intensive farming

US plains 1930

40% of land used for feeding animals!!!



FEASIBILITY
Compatibility with processes

outside human control

EXTERNAL BIOPHYSICAL

CONSTRAINTS

VIABILITY

Compatibility with processes

under human control

INTERNAL BIOPHYSICAL AND

ECONOMIC CONSTRAINTS

DESIRABILITY

Compatibility with institutions

and normative values

< 0.2 ha of arable land p.c.

SHORTAGE OF AGRICULTURAL LAND

CASE #2

SUBSISTENCE ECONOMY

400 kg of grain per capita

NO ALTERNATIVES TO

Traditional knowledge

guaranteeing survival

EXTERNAL CONSTRAINT

Subsistence

society in Nepal



FEASIBILITY

Compatibility with processes

outside human control

EXTERNAL BIOPHYSICAL

CONSTRAINTS

VIABILITY

Compatibility with processes

under human control

INTERNAL BIOPHYSICAL AND

ECONOMIC CONSTRAINTS

DESIRABILITY

Compatibility with institutions

and normative values

> 2.5 ha of arable land p.c.

PLENTY OF AGRICULTURAL LAND

CASE #3

RELIGIOUS COMMUNITY

400 of grain p.c./year

CULTURAL CONSTRAINTS

Preserving their

traditional knowledge

guaranteeing survival

Buddhist

community



FEASIBILITY
Compatibility with processes

outside human control

EXTERNAL BIOPHYSICAL

CONSTRAINTS

< 0.01 ha of arable land p.c.

SHORTAGE OF AGRICULTURAL LAND

WATER AND ENERGY

DESIRABILITY

Compatibility with institutions

and normative values
MAXIMIZING ECONOMIC

RETURN

> 40,000 US$ per capita

VIABILITY
Compatibility with processes

under human control

INTERNAL BIOPHYSICAL &

ECONOMIC CONSTRAINTS

Economy based on a strong

Financial Sector & Trading

CASE #4

IMPORTS!

Hong Kong

EXTERNALIZATION


