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The challenge of complexity (= multiple scales) for sustainability science. ..
In quantitative analysis: Non-equivalent descriptive domains = Non-reducible models

Dietary intake
in the USA
relevant for
nutritional
analysis

Dietary intake
in the world
(average)
relevant for
comparison
(equity issue)

Different levels of analysis
same observation method

Quantitative
assessments

1,015 kg/year p.c
grain consumption
per capita per year

in the USA

Different levels of analysis
different observation methods

345 kg/year p.c

opyright © 2021 Mario Giampietro & Ansel Renner. &

12,330 kg/year p.c

Gross biophysical
production needed by
the US food system
relevant for
sustainability

analysis

Gross biophysical
production needed to
keep economically
viable the US
agricultural sector
relevant for

economic

analysis
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Another example of the risk of underestimating the
challenge presented by complexity . . .

: assessing the consumption of food energy per capita per day

. an indicator of nutritional status measured in kcal per day per
. capita?
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The standard narrative used to introduce the issue of
world injustice in relation to food supply
PNAS Vol. 96, Issue 11, 5908-5914, May 25, 1999 :

World food and agriculture: Outlook for the medium and longer term

Nikos Alexandratos
Head Global Perspective Studies Unit, Food and Agriculture Organization

* * * the part of world population living in countries where per person

food supplies are still very low . . . under 2,200 kcal/person/day * * *

* * * the very high levels of food availability generally found in the statistics
of many high-income countries . . . often over 3,500 kcal/person/day * * *



100 people = (40 x 15) + (30 x 30) + (20 x 55) + (10 x 50) = 3,100 kg CLAIM MADE: “2,200

Average weight of 1 person =31kg 2,200 kcal/day = 71 kcaI/kg/day kcal/day is a diet showing
a shortage of calories for
the poor...”

40
30

10

babies () 15 kg children

R

<5

Limits defining age classes



100 people = (10 x 17) + (20 x 40) + (40 x 70) + (30 x 60) = 5,570 kg CLAIM MADE: “3,500

Average weight of 1 person = 55.7 kg 3,500 kcal/day = 62 kcaI/kg/day kcal/day! A diet showing
an excess of calories for
the rich...”

40
30

20

10

children

babies (‘f’téw )
N qare

17 kg

<5

Limits defining age classes



In developed countries In developing countries

an “average person” an “average person”
weighs 50 kg . . . weighs 30 kg . . .
3,500 kcal/day! h 2,200 kcal/day!
excess of the rich shortage of the poor

62 kcal/kg/day < 73 kcal/kg/day

1,000 kg grain p.c./year oy 250 kg grain p.c./year
USA Developing Countries

At the level of the whole food system

THE“EXPERTS” COULD DO BETTER!




Challenges for Scientific Advice

TECHNICAL INCOMMENSURABILITY

There are always different explanations and representations of
a given issue—dependent on the chosen explanation narrative.

The truth of the representation of a “fact” depends on the usefulness
of the chosen perception of the external world, for a given purpose.

https://magic-nexus.eu/documents/quality=stdentific-advice-policy-insights-complexity



https://magic-nexus.eu/documents/quality-scientific-advice-policy-insights-complexity

The “measured length” of a
coastline is NOT a “fact”!

Benoit Mandelbrot
Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
p served.



The epistemological challenges of complexity . . .

It depends on the tide!

_—

Mont Saint Michel (France)
—

dx = 100 km, length = 2,800 km dx = 50 km, length = 3,400 km dx =10 m, length = not measurable

The measure (fact) used

b ] Fal i The measure (fact) used The eXperience (faCt) Of d
tV T(captaldq ora arg::_ °'| by a bus driver reading a person walking around the
ankerrea .|ng d .nau |.ca road map (functional identity) coastline

chart (functional identity)

Copyright ©
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CONCLUSION: We should abandon the
Cartesian dream of prediction and control

Despite the recognized importance given to the
term. ..

(i) quantitative “analysis of the nexus” is still done
using reductionism—studying issues one scale
and dimension at the time;

(i) “governance of the nexus” remains an example
of silo governance—trying to solve the
different problems/issues of water, energy,
food and the environment independently from
each other.

René Descartes Strategies adopted to deal with the nexus treat
Copyright © 2021 v@xus-systems-as'ifthey were simple.

reserved.
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Challenges for Scientific Advice

SOCIAL INCOMMENSURABILITY

There are always different framings of policy problems depending on the
chosen justification narrative—the concern to be addressed . . .

The priority given to the chosen concern to be addressed depends on the
identity of the story-teller . ..

https://magic-nexus.eu/documents/quality=stdentific-advice-policy-insights-complexity



https://magic-nexus.eu/documents/quality-scientific-advice-policy-insights-complexity

EXPERT ADVICE at the SAGUF World Food Conference, Zurich, October 9-10, 1996

Different Story-tellers! Story-telling about National Policy

I.LF.P.R.l. - U.S. scientist Keep prices of food commodities LOW Protecting the urban poor

Ag. Econ. -

The usefulness (and fairness) of scientific
advice depends on the priority given by
weeeert “the story-teller” to legitimate but contrasting

Ag. Dev. . . . | sector
perceptlons, dSPl rations and PUrposes.
Story-telling about Social Policy
NGO - Swiss Feminist PRESERVING local cultural heritage Protecting cultural diversity

Protecting wives burned alive

Sociologist - Prof. from India  FIGHTING local cultural heritage together with dead husbands



Challenges for Scientific Advice

THERE ARE MULTIPLE VALID COMBINATIONS OF JUSTIFICATION
AND EXPLANATION NARRATIVES RELATED TO THE SAME EVENT

Different valid combinations of justification narratives and
explanation narratives can generate the coexistence of
contrasting normative narratives . . .

The choice of just a normative narrative depends on the
chosen identity of the story-teller . . .

https://magic-nexus.eu/documents/quality=stdentific-advice-policy-insights-complexity



https://magic-nexus.eu/documents/quality-scientific-advice-policy-insights-complexity

“All models are wrong,
but some are useful.”

Copyright © 2021 Mario Giampietro & Ansel Renner. A
reserved.




“Models are opinions embedded
in mathematics.”

HOW BIG DATA INCREASES INEQUALITY

AND THREATENS DEMOCRACY

CATHY ONEIL

~ Cathy O’Neil
Weapons of Math Destruction: How Big DataJnereases Inequality e anse renne: \RTEISIEE Iﬂ
Threatens Democracy (2016, PENGUIN) reserved. I | \ \




A diversity of information sources
and data is NEEDED to handle
complex operations.
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What’s

the problem? §
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In sustainabilty science,
guantitative analyses are still
carried out using the analytical
methods developed by Newton . ..

| ~ X : - B DL T
. .. reductionism . . . B \{ “Make everything as
one scale and one dimension at [ simple as possible,
a time! but not simpler.”
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Clarifying the Concept

HOW CAN WE DEAL WITH THE NEXUS?

In order to deal with the NEXUS we have to reach an agreement on 3 co-
existing problems . . .

1. WHAT is generating the nexus—what is the biophysical
mechanism that generate an entanglement over the flows
of water, energy, food and environmental services?

2. HOW to represent the nexus—the analytical
representation has to be based on observable attributes
(data) that are referring to different levels and dimensions
of analysis.

3. WHY we want to represent the nexus—the governance
dimension.
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How is this possible?!

Paris Agreement

Copenhagen Accord

Kyoto Protocol

First Earth Day (Global)

. , """ Rio Declaration
First World Climate Conference

First Earth Day
Silent Spring

Hansen Congressional Testimony
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- 400

- 380

- 360

340

- 320
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Year
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The consequences of HYPOCOGNITION

HOW TO MISS THE ELEPHANT IN THE ROOM

Paﬁs{Fl

COP15
COPENHAGEN

PARISZ015
COP21-CMP11

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
reserved.



Would you believe someone
who told you that next year
Mess1 will eat 75% less what
he eats now while still playing
the same quality of football?

Copyright © 2021 Mario Giampietro & Ansel RiS#Es ke e S
served.



Nobody seems to object to the claim that it
would be possible to cut the emission of
developed countries by 75% in two
decades?

Humankind seems to believe that it is
easier to re-adjust the metabolic rate of a
complex socio-economic system than the
metabolic rate of a human organism
(Messi)!



We don’t believe we can cut food to Messi. Why? Because we have a multi-level
knowledge of human metabolism!

WHOLE MESSI level n
P
@ Total mass = 73 kg

Metabolic Rate = 1.6 W/kg

Endosomatic Flow 510.4 MJ/day

PARTS OF MESSI level n-1

Component kg  W-kg W MJ/day
Liver 1.4 9.6 15 1.1
Brain 1l 17 15 1.3
Heart & Kidneys 0.3 Zil 6.3 0.5
Skeletal Muscle 26 0.62 16 1.4
Adipose Tissue 19 0.22 4.2 0.4
Residual Mass 25 0.58 14 1.2
Copyright @ @Egmgi@ﬁl;?&md Renner. Allights 1 /5



W/kg | Total energy flow: 81 W When looking at the whole

Weight 70 kg kg

W/kg

When looking
inside the black-box,
not all the kg of the
“body” are the same. ..

1 kg of brain = 10 kg of body N

1 kg of heart =21 kg of.body,.........L L.

reserved.

heart kidneys
0.4% 0.4%

brain
2.0%

| Metabolic rate: 1.2 W/kg

| | I—

htk
“liver  muscles
2.5% 40.0%

Fat
21.4%

others
33.1%

kg



For human societies you can find the expression
of a metabolic pattern associated with a set of
expected benchmarks for the internal “organs”

* Household Reproducing humans . . .
* Service and Government Reproducing institutions / social practices . . .
* Manufacturing and Construction Supplying goods / infrastructures . . .
* Agriculture Supplying food and fiber / feedstocks . . .

* Energy and Mining Supplying energy carriers and minerals . . .



Mi/h Whole

Exosomatic Metabolic Rate
18.4 MJ/h

THA h/year
Total Human Activity 60.8 Gh (year)

Total Human Activity 60.8 Gh (year)

Total Energy Throughput 1,120 PJ (year)

Exosomatic Metabolic Rate 18.4 MJ/h EMRs,

Mi/h EM sector
Household EH’I 0.1% R Parts
EM
Sector (HH) out of scale!
//«/// BM sectors // Height - EMR;: \\
SG N 3.2% MJ/hour
Width HA;:
«—>
hours/year
\
EMR
Relative size of the compartments ’3‘;;“‘”
expressed in hours/year
SG sector
6%
CATALONIA 2005 ;':ysecmr
Copyright © 2021 Mario [iampidtro & Ansel[Renndr. All fights

1
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17 MJ/hour

i EMR
Level n /\ -
EXTERNAL GDP/THA our
REFERENT 3 €/hour

2 MJ/hour

EMRyy
Level n-1
EXTERNAL ELPpy
REFERENT 27 €/hour

80 MJ/hour
60 Mdmour EMRs¢
BMR, ¢ —" o o

Level n-2 —
EXTERNAL ELP4c ELPpy: ELPgq

REFERENT 14 €/hour 28 €/hour 33 €/hour
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The METABOLIC PATTERN of social-
ecological systems

Relational analysis enables you to solve the
conundrum of multi-level accounting while

keeping the possibility of defining quantitative
impredicative relations . . .



What is the external referent of the
metabolic pattern?

Is there a biophysical mechanism
generating a set of constraints determining
the stability of this metabolic pattern?

Is there a way to study the emergent
property of the pattern, i.e. when a
metabolic system is “old” or “young”?



The internal view of the metabolic pattern

* The ENJOYMENT
looking at the different end uses

of life!
( Service & government Household A
QV
2
s || HA. | Elec. | Fuel [Heat NML| P.C. | B.I. H.A. | Elec. | Fuel | Heat NML| P.C. | B.l.
3
: T 1 T L
.
A
2 :
O
>
B ‘llllllllll Lllll.‘ il ££
§ H.A.|Elec.| Fuel |Heat| Vi L| P.C.| B.I. : H.A.|Elec.| Fuel |Heat| Veg. INML| P.C. B.I] E—LA. Elec.| Fuel |Heat| Veg. NML{ P.C. B.I.]-)J
I n
Manufactur. & construct. = FEnergy & mining Agriculture, forest. & fish.
EssssssEssEsEnnnnn? J

Human activity Vegetal products Power capacity
Electricitypyright o INMUb Animal gproducts r{nBsl. A Buildings & infrastruct.
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The internal view of the metabolic pattern * The ENJOYMENT
looking at the different end uses

of life!
( Service & government Household A
QV
2
S || H.A. | Elec. | Fuel |Heat | Veg. INML| P.C. | B.I. H.A. | Elec. | Fuel |Heat NML| P.C. | B.I.
B
: tt T L
.

A
= :
O
>
Y SEELLECELLL r'[‘:!f!-\‘ li ll
§ [ [ T T S B [H.A. Elec.| Fuel |Heat| Veg. INML| P.C. B.I] E—LA. Elec.| Fuel |Heat| Veg. INML| P.C. B.|.})a
T SR SN SUUUUEN IR ENSNEN SN EPRP R ':

I\/Ianufactur & construct. = FEnergy & mining Agriculture, forest. & fish.
..................’ J

NETWORK NICHE mutual
information in the

network Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
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Clarifying the Concept

WHAT IS THE NEXUS?

Three different definitions. . .

1. A biophysical pattern of interest operating in the
external world generating an entanglement between
different forms of water, energy, food, ecosystems
processes.

2. A useful scientific representation of the entanglement
over WEFE flows.

3. A procedure for helping the governance of the NEXUS.
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Reflection

Biophysical processes and external circumstances do not
determine WHAT HAPPENS in social-ecological systems,
but they determine WHAT CANNOT HAPPEN—the option

space. ..

The analysis of biophysical processes cannot predict future
events nor define optimal solutions (“what we should
do”), but it can be very useful to reduce “hypocognition”
and avoid stupid mistakes . ..
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https://liphe4.org/
http://liphe4.org/
https://uncomfortableknowledge.com/
http://uncomfortableknowledge.com/
https://uncomfortableknowledge.com/

ABOUT QUANTITATIVE STORYTELLING ENGAGE NEWSTAND CONTACT UNCOMFORTABLE KNOWLEDGE

Webinars Consultancies Research Summer Schools
Although we prefer to We have extensive experi- Our research is markedly We've designed and run
speak face-to-face, we also ence consulting for insti- heterodox. We appreciate about a dozen summer

do webinars on a wide tutions from local govern- the need to pass on key schools across six different
gamut of sustainability ments to large in- knowledge through gradu- countries. We are educa-
topics. ternational organizations. ate directorships. tors at heart.

Qur Mission

Our aim is to guarantee the qualz'ty of narratives used to fm me and discuss mstaz'nabz’lz’ty predicaments. To achieve
this, we focus our research efforts on the development and application of novel accounting methods and methodologies
grounded in the complexity fm me of rqﬂ'rcncc and the conceptual approach of post-normal science. We furtbcr invest

substantial cﬁbrt in educational activities related to sustainability science and science for governance.
Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
reserved.



Uncomfortable Topics v About UKH News Resources Contact
Knowledge Hub

What is Uncomfortable Knowledge? @&

Farm to Fork: Updating Decarbonization of Electricity
Narratives About Agriculture Production
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Who decides the validity of knowledge claims and how?

PLAUSIBILITY

of data, models and
scenarios
(Descriptive Qualty)

RELEVANCE

of the chosen 1ssue
definition, policy options,
goals, taboos

(Normative Quality)

LEGITIMACY

of the process of
production and
consumption of
scientific information

=
e
=

Post-normal
Science

Professional
Consultancy

Decision Stakes
(value criteria domain)

low high

Systems Uncertainty
(adequacy criteria domain)

Who decides the RELEVANCE of narratives,
USEFULNESS of perceptions and PERTINENCE

(Procedural Qualiy) ., ., 0b vepresentations.and how?, ..

reserved.



You have a set of non-equivalent observations
of a natural system, made by non-equivalent
perceivers, resulting 1n non-equivalent
representations.

Is there an emergent shared perception? 1s
there an emergent shared representation’?

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
served.



Validating a knowledge claim implies deciding that
the chosen models and indicators are relevant and
useful for a given purpose . . .

Validating a knowledge claim requires
reflexivity —a check on the quality of the
process used to combine normative and
descriptive inputs . . .

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
served.
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Why 1s it so difficult to get the
right “issue definition” when
dealing with “1ssues™ of sustainability
and the resource nexus?

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
served.



Sustainability has to do with learning how to meet the
challenges associated with understanding, deciding and
acting, within an adequate time frame, to change.

Sustainability implies facing the “tragedy of change”—
you have to accept to lose something in order to be able
to keep something else.

Being able to understand and to decide what we want to retain
while becoming something else, and how much we want to “pay”
for 1t—this 1s at the core of sustainability science.



However, this implies challenging the “status quo” ...
. . . dealing with the TRAGEDY OF CHANGE means
putting in discussion
* The actual STRUCTURE OF POWER
* The given 1dentity of the “STORY-TELLER”

* The existing perception and implementation of
ETHICAL NORMS

* ASKING POLITICALLY INCORRECT QUESTIONS
(e.g., what happened to the “population bomb”?)

* ACKNOWLEDGING THE EXISTENCE OF DEATH
for both individuals, institutions, civilizations . . .



An assessment:

must go through three distinct checks
related to its: (1) scientific credibility; (2) political
legitimacy; and (3) practical usefulness for guiding
action, 1.e. 1n a process of decision making.
(Millennium Ecosystem Assessment, 2005)

An analysis refers only to:

(1) quantification of a set of parameters (after selecting an
adequate source of data, e.g., secondhand data or through
a measurement scheme); and

(2) generation of a model that characterizes the

performance of a system using a selected set of attributes
and options, leading to the SELECTED NARRATIVE.



An assessment 1s associated with an evaluation of both:
(i) the pertinence and rigor of the analysis; and
(ii) the relevance and validity of the narrative within
which the analysis has been performed.

A narrative is associated with the pre-analytical choice of a
given shared perception (problem structuring/issue definition):
(i) the identity assigned to the investigated system:;
(ii) relevant causal mechanisms to be studied;
(iii) the resulting scale used to represent relevant events;
(iv) a linearization in a given sequence of relevant events.

A narrative 1s the storyline within which the
model makes sense.



Let’s 1llustrate the relevance of
this distinction using a familiar
example . . .

.. . choosing a car to buy.

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
served.
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Different buyers, according to
their personal characteristics,
specific history, contingent
situations, will perceive the
performance of the car they
want to buy using different sets
of: (1) attributes; (i1) targets
and benchmarks; (ii1) data.

Economic Safety

Criteria Criteria
Fuel Road
consumption handling
Maintenance ' \
costs " Reliability
Price Safety
devices
Speed /
Design acceleration
Status Comfort
Symbol
Colour Noise
Cultural Driving Quality
Criteria , S _ Criteria
AR AvZ R I YR W AN A S 14
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Industrial milk
production

Environmental Consumer
Criteria Criteria
GHG Final
emissions Price
Deforestation :
(for feed) _ . Quality milk
N-Pollution __.-Convenience
Food Security
Neqd pf (supply)
subsidies
Production Food safety
cost :
Job
creation Rural development
Producer Country
Criteria i iiomcisssisiomimimsambmnsimti riohts CTItETIA

reserved.

Household milk
production

15



Therefore, concerning assessments on
the science-policy interface,
it 1s crucial to keep separated:

what 1s about the STORY-TELLER
semantic; normative

NARRATIVES, VALUES, GOALS,
HISTORY, POWER RELATIONS

from

what 1s about the OBSERVED
(and the observation process)
syntax; descriptive

MODELS, INDICATORS, DATA,
TECHNOLOGY, STORAGE MEMORY



Integrated assessment requires the ability to tailor
both the 1ssue definition and the problem structuring
used to perform an integrated analysis on what 1s
relevant, credible and acceptable for the social actors

This is about learning how to negotiate
an IDENTITY FOR THE STORY-TELLER
(this will affect the NORMATIVE task) . . .

WHAT IS A USEFUL PERCEPTION?

Before wisely choosing
an IDENTITY FOR THE OBSERVATION SPACE
(this will affect the DESCRIPTIVE task) . . .
WHAT IS A USEFUL REPRESENTATION?



But if we admit that 1n quantitative integrated analysis
the name of the game is deciding how to characterize
the mvestigated system—

... the IDENTITY of the observation space.

Who and how will

the 1dentity of the story-teller
be decided?

The wisdom of s
Humpty Dumpty |

1t is the master that decides

BB nner. All rights

8 about meaning and semantic . . .
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EXPERT ADVICE at the SAGUF World Food Conference, Zurich, October 9-10, 1996

Different story-tellers! Story-telling about National Policy

I.LF.P.R.l. - U.S. scientist Keep prices of food commodities LOW Protecting the urban poor

Ag. Econ. -

The usefulness (and fairness) of scientific
advice depends on the priority given by
weeeert “the story-teller” to legitimate but contrasting

Ag. Dev. . . . | sector
perceptlons, dSPl rations and PUrposes.
Story-telling about Social Policy
NGO - Swiss Feminist PRESERVING local cultural heritage Protecting cultural diversity

Protecting wives burned alive

Sociologist - Prof. from India  FIGHTING local cultural heritage together with dead husbands



‘A war against poverty may
have the effect of eliminating
the poor. . .’

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
served.
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Assumptions typical 0NNORMAL SCIENCE looking for OPAIMAL SOLUTIONS

and reliable “issue defingfon, problem structuring,
atives” . . .

#1 It 1s possible to obtain a so
and pre-analytical choice of n

nd pre-analytical choice of
' the scientific analysis . . .

#2 The given “issue definition, probleMy structurin
narratives” 1s agreed upon by those th%t willa

#3 The role of the scientist is only that NO ! ! ren “i1ssue definition, problem
structuring, and pre-analytical choice 4. wiiuwgvo,  fOr generating models,
al” solution . . .

levels of 1gnorance can be

guaranteed by using more cgifiplicated models, bigger @gmputers, and so forth . . .

CH NUMBERS TO PRODUC ETTER ANALYSES
alyses are used to individuate the best coBgse of action

reserved.

SCIENTISTS MUST

Quantitative
22



Reflection

Science and scientists should accept to return to be
considered as another category of social actors rather
than pretending to be referees above partisan interests.

Science and scientists should help the rest of society to
understand and learn the 1ssues associated with
sustainability, especially when facing the existence of
knowledge gaps. In this case, pushing one opinion
against another 1s acceptable where scientists do not
claim to be also the referee.

Scientists giving advice should be less arrogant—they
should always keep in mind the definition of “scientist”
given by Socrates: “scientists are those that know
about their own ignorance’”.
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Session 3 [m] P [m]

NEXUS and Metabolic Analysis: Basic Concepts E
|

Mario Giampietro and Ansel Renner

Institute of Environmental Science and Technology (ICTA) Please use this QR code or link for
the session’s quiz questions:
Autonomous University of Barcelona (UAB) https://app.sli.do/event/ip5om0dj

10.00-11.15 Epistemological challenges when trying to quantify the nexus

11.15-11.30 Intermission

11.30-12.00 Governance Challenges the implications of complexity on the usefulness of quantitative information
12.00-12.30 How to carry out an integrated NEXUS analysis across levels: STATE-PRESSURE quantification

12.30-13.00 How to carry out an integrated NEXUS analysis across levels: PRESSURE-IMPACT quantification

&
H N 7 1o UNB P
; fiir Internationale neXUS fos H. Institut de Ciéncia
german g Zusammenarbeit (612) GmbH ¥ Universitat Autdnoma ICTA '.‘&‘.’ %, i Tecnologia Ambientals-UAB

Co-funded by cooperation 5

the European Unior

de Barcelona oo’

WEFE Nexus in the Mediterranean: From Research to Practice >>> 7 December 2021


https://app.sli.do/event/ip5om0dj
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~)/ Register | Login i@ | P  Search Q

s HOME ABOUT v EVENTS v INFORMATION SYSTEM v KNOWLEDGE HUB v DIALOGUE SPACE v CONTACT

Deliverable 4.4
http://magic-nexus.eu/documents/deliverable-44-report-nexus-structuring-space

PDF Download
http://magic-nexus.eu/sites/default/files/files documents repository/d4.4 nexus-structuring-

“"§pace_ revision,2501202 1 pdf"



http://magic-nexus.eu/documents/deliverable-44-report-nexus-structuring-space
http://magic-nexus.eu/sites/default/files/files_documents_repository/d4.4_nexus-structuring-space_revision_25012021.pdf

N\

TECHNOSPHERE

Societal funds 'j_

STATE

* Wastes
* Emissions

Environmental
Loading

Interface
Exploitation

SINK
CAPACITY

opyri A ET A
IMPACT  ACCUMULATION g'“©2°td

PRESSURES

Ecological funds

Nutrient Carriers
Energy Carriers
Blue Water
Useful Materials

BIOSPHERE

Primary Energy Sources

SUPPLY Primary Food Sources
CAPACITY Primary Water Sources

Primary Material Sources

S S E——

iMWPCTr All rights



THE STABILITY Feasibility
OF PRIMARY FLOWS!

Depleting

“the view from outside”

Studying processes outside human

control
ENVIRONMENTAL PRESSURE MATRIX

s

upply side

ecological
funds

N

Output flows

[ew"’g'ca’ Sinkside}

funds

Compatibility with B
external constraints  Filling

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
reserved.




THE STABILITY OF L
SECONDARY FLOWS! Viability

Assuming that the supply of the view from inside

needed inflows is available Studying processes

under human control
END-USE MATRIX

interactions of the parts _
Assuming that the needed sink

capacity (for outflows) is available

Compatibility with
inte rnal ConStraintS Copyright © 2021 Mario Giampietro & Ansel Renner. All rights

reserved.



THE STABILITY Desirability

F IAL FABRIC!
OF SOC c “the view from our identity”

PleaQe andwer “true” or “falee”— COMPATIBILITY WITH NORMATIVE
If I were a c¢hicken, I would gladly VALUES KEEPING TOGETHER
duffer and die to become a “nugget,”. SOCIAL INSTITUTIONS

Whose
concerns
matter?

, bl Y4
VDL ?pynght ok Mario Giampietro & Ansel Rgaher. All rights
N reserved.
|5 1 ‘ ‘ ‘ k




Dependency on imported goods: Is it “good” or “bad™?
“the level of openness of the economy”

I EXTERNALIZATION

“the game changer...”

Jeff Danzinger




The conceptual innovations of the MAGIC tool-kit for the analysis
of the metabolic pattern of social-ecological systems
using principles of non-equilibrium thermodynamics

1. The STATE-PRESSURE relation is analyzed adopting the narrative of
non-equilibrium thermodynamics in terms of a metabolic pattern of
social-ecological systems.

2. The STATE-PRESSURE relation is analyzed within the narrative of the
NEXUS—there is a entanglement across different types of metabolic
flows across different levels of analysis and scales.



The conceptual innovations of the MAGIC tool-kit for the analysis
of the metabolic pattern of social-ecological systems
using principles of non-equilibrium thermodynamics

3. The STATE-PRESSURE relation is analyzed by considering the
implications of the openness of globalized economies: trade makes
it possible to externalize both the requirement of production factors
inside the system (needed to express the STATE) and the

requirement of primary sources and primary sinks (needed to cope
with the ENVIRONMENTAL PRESSURE).

4. The STATE-PRESSURE relation is analyzed in relation to the
desirability of the STATE of the society by considering the resulting
social practices, that should match the expectations about the
quality of life found among the various social actors.



Summarizing formal
representations of the organs
and sectors.

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
served.



Dissipative

Hypercyclic

Service & government Household
H.A. | Elec. | Fuel |Heat | Veg. INML| P.C. B.IAJ H.A. | Elec. | Fuel | Heat | Veg. [NML]| P.C. BAIAJ
A 4 4 4 1 4 4 4 t t
. " = EU27+N (:lA EMR_elec EMR_fu EJP ET_elec | ET_heat GVA || %HA_i/| %VA_i/
— — (MJ/h) ( (€/h) |_| (PJlyear) | (PJlyear) (10° €)| |HA_AS | VA_AS
(EEX X Ty T VY Ty V) AV =
E—LA.IEI Fuel |Heat| Veg. NML| P.C.| BAI.} E—LA. Elec.| Fuel |[Heat| Veg. NML|P.C.| .L} E—LA. Elec.| Fuel [Heat| Veg. NML| P.C.| . whole s°ciety 4 422 11.415 19.110 11.631 100% 100%
Manufactur. & construct. Energy & mining Agriculture, forest. & fish.
EU27+N e ET plec | ET_heat | ET_fuel | GVA ||%HA_i/| %VA_i/
(PJ/§ear) | (PJiyear) | (PJ/year) [(10° €)|| HA_AS | VA_AS
Household 4167 3.098 7.078 7.889 0 94% 0%
Paid Work 255 11.631|| 5,8% | 100%
EU27+N 1o EMR_elec EMR_fuel | EJP ET elec | E ET_fuel | GVA ||%HA_i/| %VA_i/
hivbar (MJ/h) (MJ/h) | (€/h) (PJlyear) | (PJ/¥ear) | (PJ/year) [(10° €)| [HA_PW|VA_PW
LS [ 21 8,0 15 171 326 556 | 198 | 8.4% | 1,7%
& Fishing
Energy & Mining 3,9 r 1.092 68 475 1,5% | 4,1%
] 65 57 103 459 2347 | 25% | 20%
Construction
S 19 15 50 68% | 74% | 2.7
Government
EU27+N e ET_elec | ET_heat ET*uel %HA_il| %VA_il
(PJlyear) | (PJlyear) | (PJ/jear) [(10° €)| |HA_SG | VA_SG
Services &
Government 96% 79% 1,7
(without Transport)
Transport Services 3,6% 1,3%

The END-USE MATRIX

reserved.




From the METABOLIC NETWORK to the END-USE MATRIX

Energy Sector

PC

Bl

Manufacturing
Construction

PC

Bl

Agriculture

|8

Tot |Tot | Tot | Tot
PlantAnim PC | Bl

Household
ntA m

Services &

Government



WHICH TYPE AND HOW
MUCH ENERGY

HOW MUCH MONETARY

HOW MUCH HOW ENERGY IS
VALUE ADDED

LABOR USED

HA EMR_elec EMR_fuel [§ EJP
10° h/year) (MJ/h) (MJ/h) (€/h)

ET_he at %HA_Level x/ | %GVA_Level x/
(PJlyear) HA_Level x-1 | GVA_Level x-1
19.110 100% 100% 6,4

Average Society 4422 |x 2,6 4,3 3,9 2,6

i

WHO IS USING
ENERGY AND
FOR WHAT

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
reserved.



Iron & Steel «f¥a
Non-Ferrous Metals 4f 2
Chemical & Petrochemical Sfes
Level n-3 Non-Metallic Minerals Sk
Food & Tobacco ) 321 534 60 177
Textile & Leather STY 71 89 12 47
Paper, Pulp & Print SfY _ 757 29 66
Transport Equipment du 157 95 15 178
Machinery 56 376 258
Wood & Wood Products sfe 78 175
Non-specified Industry L 297 198
Construction S 58 103
H.A. EMR elect EMR heat EMR fuel EJP
Level n-2 hours/y MJ/h MJ/h MJ/h €/h
Manufacturing &
ng 65 459
Construction
Service &
172
Government
Level n-2
Services &
Government 166
Transport
Level n-3 | goivices 6,3

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights

reserved.



Metabolism inside the technosphere Primary Sources +
to generate and maintain the STATE Primary Sinks +

Stock Depletion =

R ble? Environmental Pressure
enewabnlier:

End-uses Matrix

inputs

*water
*energy
Stock *food
. *land use
Depletion *labor

Social-Ecological Systems
Meeting social needs and providing value

p
Non-renewable Renewable:

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
reserved.



/’_\
EXTERNALIZED END-USE MATRIX

End-use Matrix

EXTERNALIZED ENVIRONMENTAL PRESSURE MATRIX

é@bé’ N Primary Sources +
inputs S @é\“@g Qbo“’ &
*water & ©° T % ¥ Primary Sinks +

*energy '
Stock *food Stock Depletion =
Depletion *Iand e

labor Environmental Pressure

EXTERNALIZATION m TRADE

LOCAL ENVIRONMENTAL PRESSURE MATRIX

End-use Matrix
5 .
. %Q?o\.é, S s Primary Sources +
inputs & & S Primary Sinks +
*water © 9 €€ v Y
:;:'ne(;gv Stock Depletion =
00
Stock . *land use .
Depletion [N Environmental Pressure

LOCAL END-USE MATRIX
Copyright ©-2021-Nario Giampietro & Ansel Renner. All rights

reserved.



Externalization of

energy supply
ﬁ , in Europe

- - Oil consumption
* <“} - Oil production
| ————

Meet the world

Grande
g




Moving from an analysis of
PRESSURE to an analysis of

IMPACT requires indicator
contextualization

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
served.



The implications of purposive
quantitative analysis:
quantitative indicators must be
handled with care . . .

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
served.



Understanding the difference
between INTENSIVE and
EXTENSIVE variables

[a Richard Tolman
Copyright © 2021 Mario Giampietro & Ansel R

ietro r. Alfr ghts : 4’
served. \ .



INTENSIVE
VARIABLES
they characterize in
gualitative terms
the society, but
they need scaling

China

COgy emission p.c.
5.5 tons per year

CO, emissions in the USA
are 3.3 times larger than
In China

USA

COgy emission p.c.
18 tons per year

—7,)————————————————————————

EXTENSIVE
VARIABLES
they make the scaling
possible, after having
characterized the society
(“how much society”)

Population
1,400 million

Quantitative
characteristics
of human society

Population

320 mullion

opyright © 2021 Mario Giampietro & Ansel Renner. All rights

reserved.

EXTENSIVE

In order to answer these
questions, we have to
include in the analysis also

the functioning and the
state of the atmosphere.. ..

7.7 billion tons

How much is too much?

How large is this flow in

relation to the sink capacity

of the atmosphere?

Load of CO,?
5.8 billion tons



Does 100 kg of salt generate more
environmental impact than 50 kg of salt?

Dumped in the sea
Just numbers!

Numbers have to be assessed against|benchmarks!

. . NS
The situation
is ACCEPTABLE

100 kg 00—

50 kg =

. . .
What 1s the meaning of these numbers: Dumped in a 500 liter

How do we know how much 1s too much? tank of drinking water

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
reserved.
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Generating formal
representations of the organs
and sectors

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
served.



What society offers for it...

What society wants...
-

~

Biomass inputs
to energy sector

Raw material inputs
to manufact. sector

—>

Food inputs to

é ‘.\

. &f) \5 . oé'
o N\ X W& R o
QNS » O & Y
¢ Qv o™ oY & O
\es} <>@ ‘QQ& \?& A\Y ?$\ <20 QS}
H.A. | Elec. | Fuel | Heat | Veg. | NML | P.C. B.I.
A

Q Energy carriers
Q Nutrient carriers

\_

I

Internal requirement

of agricultural inputs for =

agricultural production

Agriculture Constituent Component

,

<

household sector

Food inputs to
service sector

A—) Et cetera

-

Human activity Vegetal products Power capacity
Electricity copyright INMENAnimal products:c [zBie] Buildings & infrastruct.

reserved.



“end uses” Flows and Funds

Secondary Inputs from and to the

flows funds technosphere

Ly
it | P11 SV

Flows from and
to the biosphere

Internal flows

supply sink
“environmental pressures”
Primary Flows
Inputs and Outputs



Q A
AR o
& S0 N
& & &5 3
T 58 &
0 & & 3

a Produced

Crop
>
@ L @ c S
& < S
4 ~ (")
S <
$ &
$

Metabolic profile of a crop type

L
Sl
1111

OBSERVED: profile of inputs and
profile of outputs (extensive values)

Crop CORN

N [

Unitary
Processori

AN

NOTIONAL: profile of expected
inputs per unit of supply (unitary)

Unit of @i

Quantity of @/

funds

flows

flows

funds

flows

funds

flows

flows

funds

flows

Technosphere

work

machinery

land use

fertilizer

pesticide

bluewater

wheat kg

commodity S
greenwater

soil

Abstraction BW

GHG emissions

leakage

Biosphere

Technosphere

work

machinery

land use

fertilizer

pesticide

bluewater

wheat kg

commodity S
greenwater

soil

Abstraction BW

GHG emissions

leakage

Biosphere

INPUTS

OUTPUT

INPUTS

OUTPUTS

INPUTS

OUTPUT

INPUTS

OUTPUTS
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Example of application of a
multi-level, multi-dimensional
grammar—the METABOLISM
of the MAURITIUS ISLANDS.

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
eeeeeeeee
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H f”‘;m%

90% of the land is in sugarcane production, but the EU is no
longer guaranteeing-acceptable prices ... What to do?




Population Structure

Dietary needs of the population
FLOW elel ents
Food Ener, ] . .
(PJ) (PJ- ) [ ( Inside view
GER :
~ Diet Requirement
HH 59 ) 15 = |2l 5o et fequireme
m Female m Male Unit: PJoule CARB PRO FAT
0.8 "| Tourist 0.1 Negl Negl
3G losses Lo =0 21 0.4 0.9
BM 23 250 (| Urban 03 0.7
AG 1.3 0 110 50 negl
Diet composition
Agricultural ] © | neg | i
pattern Unit: PJoule CARB, ~ PROT FAT
| Cereals, roots 2] 0.3 Negl
Animals products 0.1 0.3 03
Veg. and fruits 0.1 Negl Negl
S Qil INegl Negl 1.2
Smte AR AL, L "| Others 0.7
. . TOTAL 3.6
PRESSURE ; QOutside view

- T Primary Agricultural Products

Nutrients supply by agriculture orimports

(-dSe)

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights

STATE
(+dSi)




Diagnostic-Simulator Tool

Copyright © 2021 Mario Giampietro & Ansel Renner. All rights
reserved.



Multi-Level Grammars

Final Consumption

GROSS FOOD - END USES
REQUIREMENT Gross Requirement [HA - CARB : PRO : FAT]
IMPORTS
/ \ Net
Food Urban
Imports Supply [47:15:03:;0.7]
6.7
Vegelal products e Rural
DRIMARY [5.1:0.5:19] 3 [66;21;04;09]
PRESSURE ENERGY E > STATE
( ds ——DOtReeS o S Tourist +ds.
— e) C ;/ < > A ( I )
s g P : N -_— [0.22;0.07;0.01;0.03 ]
S Supply = Animal producis Ei
Production 13 I [0.1:04:0.4] — HYPERCY(
: N =
G
Seed. Feed. Eggs
\% //:> [-:14;02;03]
C=D ossess (=
Production Factors —.#
used by Hypercycle Part Invested in Food
Semantic categories Production
Primary Energy Sources
and Imports Unit Energy Camiers Production factors
tonnes tonnes
of vegetables and of other Carbohydrates (CARB)
e products NET FOOD SUPPLY hours hackiona of
Peta Joule (PJ) . of human
tonnes of Proteins (PRO) activity land use
R tonnes of HUMAN ACTMTY
products cerealsopyright © Reahme{etEiampietrof@EFRDRenner. All rights

reserved.




Flow elements Fund elements
Food | Energy Water HA PC Land
(PJ) (PJ- (hm3 (Mhr)  (GW) @ (k ha)
Food .
GER) | extraction)
5.9 16 100 10,000 4.5
28
A S 0.8 37 44 606 14
S PW* LOSSES 0.8 §. 1.3 negl 190 39  negl 21
E AG 2 n/a 2.2 260 8 003 negl
‘é EM n/a 2.2 n/a n/a 3 590 n/a n/a
S | exppws n/a n/a negl 0.4 1,100 33 002 54
eXPac negl 0.4 Who\\ 8 56 1,700 11,300 6.0 103
Whole 8 56 .  Imports @ 49 n/a n/a n/a n/a
Q
> Imports 6.7 49 2 Domestic 7 1,700 11,300 6.0 103
Q v
2 Domestic 1.3 7 Sup,plyr
(79
Supply
——— Proteins (PRO) b gr:'"ﬂ" ReCkIoR O
toc_m&sof R Fpere activity land use
e cereals Giga hours (Gh) Fats (FAT)

products




1. Challenges

4. Environment

Figure 5: Example of water grammar

n+x ' n,n-x

WATER CYCLE

Net Water Use
- s HH
Water Appropriation 84
s G U [28,10000; 98; 84,0; 84,0,0,0]
e . 39 PwW*
Waler
Inflow Blue Water [28, 590,46, 39,0, 39,0,0,0]
i (human-conirolled
Supply) 258 EM
= [-,8:262; 258, 0; 25,232,0,0]
110
Losses 500 AG
— [21. 49:1300; 500.720; 2.0.498.720]
Precpitalon Green Waler
910 S 720

Non Appropnated Waler 2500

1300 !a 1700
Virtua ter Trade

€ [100000.11000;| 1706;| 880.720; | 150.232.498.720]

Semantic Categories Formal Categories
Water appropniation (hm3) Gross Water Use (hm3) Net Water Use (hm3) Virtual Water Trade (hm3) Relevant Funds

Direct use of End use of howsdf
Total water extracted for j= Blue k= %'s“'b“““ Exports Human Khectares
eachcom Green nogy ivi
pariment EL Imports Activity oflLJgend
Copyright © 2021 Mario GFarmpietro & Ansel Renner. All rights

reserved.




Watér Appropnali

2800
. Surface
Waler Water
Inflow
1000 Ground
Waler
Precipitation
910 | Soil Waler
Non Appropriated Water 2500
-
Semantic Categories

Waler appropriation (hm3) Gross Water Use (hm3)

Direct use of
Totalwater extracted for j= Blue
each compariment Green

IN THE TASK OF CONTEXTUALIZATI

Indicator/ | Extrac EXT EXT | EXT USE USE
Compartme tion Blue- e- | Gree | Losse Total
nt | Total | Surface Grouﬁd n s
Whole (n) 1,706 555 432 | 718 108 | 1,599
HH (n-1) 98 0 14 84
HH-Urban
(n-2) 4k 31 10 0 0 35
HH-Rural
(n_z) .\'Lék3 4b S EAQ‘ 0 49
PW (n-1) 481 40 718 94 | 1,515
PW-SG#ii2)er 3 2 15
PW-TR (n-2) 1.72 1.3 0.42 0 0 1
PW-BM (n- = \ A 4 23
ZP;”'EM (n- 262 255 \\ 7 \0 4| 258
PW-AG (n-2) | 1,300 192 \3§\90 71\8 84| 1,218
Indicator/Compart Extraction- \(/:/I\:;llt{:']Renewable ]\xourc\i Extraction
0,
ment (Supply TOTAL Surface | Ground as (%)
system) WRR
Inflow Inflow
Territorial System N
Covered (n+1) 1,492 2,055 778 2,8 53
Mare Aux Vacoas- 252 344 130 474 53
Upper (n+1)
Mare Aux Vacoas- N
Lower (n+1) 193 88 34 122 \ 158
Port-Louis (n+1) 291 562 213 775 |\ 38
North (n+1) 291 259 98 358 81
South (n+1) 247 383 145 528 47
East (n+1) 229 464 176 640 36
Uncovered (n+1) 214 820 311 1,130 19
TOTAL (n) 1,706 2,875 1,089 3,964 43

ht © 2021 Mario

Giampietro & Ansel Renner. All right

ANALYSIS BASED ON GIS IS ESSENTIAL

STATE
(+dSi)

PRESSURE
(-dSe)
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