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Thenew approach to the nexus proposed by the MAGI
project ¢ co-production of knowledge about the nexus.

It iImplies:

1. a quality check on the pranalytical choice of
narratives; and

2. a quality check on the analytical choice of formal
representations used for the integrated assessment
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The nexus as a problem of governance
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TheNEXU$epresentsa challenge tdhe conventionalsystemof
governancebecausdt requiresconsideringsimultaneously

A different purposesWHY dave needaction);

A different narratives (HOW cawe solvethe problem), and

A different representationgWHAT ighe problemand WHICH
targetsshouldbe used

Whendiscussinghe text of EU directives argecisionabouttargets
(WHAT toachievg andproblemsto be solved(WHAT has to bixed)
reflectd dependson agivenchoiceof narrativesaboutof the issue
(HOW toeliminatethe problem).

Butwhat if by eliminatinga problemdefinedusinga givennarrative
reflectedin modelsreferringto a givenscalewe will generate anothel
Problem defined in a different narrative referring to a different scal



Narratives as explanations of causality

Challenge #1
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Event to be dealt with: THE POSSIBLE DEATH OF A PARTICULAR INDIVIDUAL

NARRATIVE

Story-Teller

EXPLANATION 1 --> ono oxygen supply in the braino
Space-time scale: VERY SMALL Example: EMERGENCY ROOM

EXPLANATION 2 --> caffected by lung canc- 6\,\/\

Doctor in the
emergency room

Pharmaceutical

Space-time scale: VERY LARGE Example: SUSTAINABILITY ISSUES

Space-time scale: SMALL Example: MEDICA' @\(:‘ researcher
EXPLANATION ~ 66? .ual is a heavy smokero
Space-tim~ \)@\) . £xample: MEETING AT HEALTH MINISTRY Tax expert
EXPLANATION 4 --> chumans must died

Philosopher




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

NARRATIVE

Story-Teller

EXPLANATION 1 --> ono oxygen supply in the braino
Space-time scale: VERY SMALL Example: EMERGENCY ROOM

EXPLANATION 2 --> caffected by lung ¢ \(:(
Space-time scale: SMALL Example: MET’ ,‘O T

“expert

Philosopher

¢S°

EXPLANAT!” Ose\fmdual is a heavy smokeré
Space O\)?\ _«WM Example: MEETING AT HEALTH MINISTRY

Doctor in the
emergency room

EXPLANATION 4 --> chumans must die6
Space-time scale: VERY LARGE Example: SUSTAINABILITY ISSUES

Pharmaceutical
researcher




Scale as a lens through which observe the world

Challenge #2

K2g 02 ARSYOUATeée 4G0KS NM
F2NJ A0KS NRARIKGE LIzNL1LI2 & S



Theissue

a0 Maine
WHYyouhavechosen = -$ = Last of scale
HOW toseeWHATyou ° o
$® eg
see. . . W o
e
S
Q o) B Maine
@Q‘\\'V\\(\ \'\OQ B Lincoln County
A
8(@‘%[11(131 Levels: Hierarchical Levels:
Fedfz?atlon (whole country)/State State/County HOW tosee
e®
Lincoln County
WHATyou see
Damiscota Tuomston : WHYyou havechosen
- HOW toseeWHATyou
S@ w\nlal Pemaquid See. ..
et t3 Colonial Pemaquid  Polly’s beach
i ical Level Hierarchical Levels:
1erar ca evels:
HOW tosee Village/specific beach

County/Village




Al
If youwant to solve
this problem. . .

Perception/Representation of space
@ — LEAST
<

\e2 Youseea spacewhichisthe
o° surfaceof asphere
A
&% O

G‘(\e <& ©
\OG‘ H1erarch1cal Levels:

Federation (whole Country)/State

e |
Ya=HpO! 5 A
i Youseea spacewhich @
69,*
s, »
3 : is a fl f
5, %
. g g, = IS a Tlatsurface
o (w] -
3 B _'g. 2 » el
= LR
r§ = o @3' e
= = Pemaiuid Qé <
Joh L <R3
Riwi Rifferview Rd
7
. e Sof® |
1, Pemaqui d
Pht H\veqr G.,n\“‘a
(8} 1y -}
3 = Pemaguid Harbor ) s L -
L. ! a4 o S, R N Rl
= e 4 1] SEICIEIR. SIS A % e T T
h LI &dg e SE. P Eeieala e f;*d iy
g 7 S v
i . &) \
2 % o onial Pemaquid
- T 7%\ q
Jofins Sep i For
: 0'km e B
05 Ll san T Skt
©2004 Jjahoa! Inc: fin 2003 MNAETEG

Polly's beach

Perception/Representation of spac Hierarchical Levels:
If youwant to solvethis problema

Village/specific beach



Which one of these two cars will generate
more harm to the atmosphere in terms of
emissions?

\ ¢KS WS@g2yaQ tI N
William Stanley Jevons More efficient cars will imply
The coal question - 1865 more consumption of gasoline!

P—®

SMART: 10,000 US$

HUMMER: 45,000 US$

Fuel economy: 6 km/liter Fuel economy: 14 km/liter
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Definition of a societal-economic system

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-ecological 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
iInterdependence over their identities.
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Globaldebthasincreasedby $57trillion since2007 |outpacingvorld GDP growth

Gloobalstock ofdebtoutstandindpy type Compound annual
US$trillion, constan2013exchangeate growthrate ()
2000-07 2007141
) 199 7.3 53
+ 57trillion 40  Household 85 28
142
33 96 Corporate 5.7 5.9 199 trillion =
87 . 286% world GDP
19 Government 0.8 9.3
| IEN '
E Financial 94 29
= = =

2000 2007 2Q 2014
Totaldebt . .69 585  MCKINSEY GLOBAL INSTITUTE

mhee DEBT AND (NOT MUCH)
DELEVERAGING ..., .

http://www.mckinsey.com/insights/economic_studies/debt _and not_much_deleveraging
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3. HOW & the methodology relationaknalysi®f the metabolic
patternof societieso studyof the water energyandfood nexus



EXAMPLE #1

A quantitative characterization of the nexus requires
a different approach to quantitative analysis . . .

It is not about handling individual numbers one at the time

BUT

It is about handling relations over profiles of numbers
(patterns) across scales



lllustrating the entanglementover flows: the exampleof the diet

3 flowsconsidered Energy gg Water gg Protein g
(kcal) (grams) (grams)

These3 flows are entangledin an expectedpatternsassociatedvith the dietary
requirementof apersong a profile of quantitiesper dayneededby anadult

2,100

2,500 56

Dietaryintake per day

ADULT BODY

Characteristicof the requirement



lllustrating the entanglementover flows in metabolicpatterns:
the exampleof the diet

3flowsconsidered Energy g Water gg Protein g
(kcal) (grams) (grams)

These3 flows are entangledin expectedpatternsassociatedvith the typologies
of food inputs inthe diet ¢ a profile of quantitiesper 100 grams dibod type

-8 21 100
140
1 F
270
A. Milk 760 C. Beef o
(100 gr) - DE€ 31 E. Drinking
(100 gr) water
(100 gr)
14
3 D. Bread
(100 gr)
B. Butter
(200 gr)

Characteristic®f typologiesof inputs



Extensive variables
measuring the flows as

nt ot al

guanti ti

2,100

REQUIRED PATTERN
OF NUTRIENT FLOWS
PER DAY PER ADULT
(SCALED)

2,500 56

ADULT BODY

Unused Surplus 170 gr/day

18 gr/day Unused Surplus

A. Milk 50 gr —_— 70 40 2
B. Butter 150 gr —— | 1,140 25 5 SCALING
C. Beef 150 gr — | 150 105 40 across the two
D.Bread 300 gr — | 810 90 27 sets of patterns
E. Water 2,250 gr — 0 2.250 0
760
21 100
78 270

140 ” w00 a1

3 3 ) 0 0

A. milk B. butter C. beef D. bread E. water

Intensive variablesmeasuring patterns as profiles of

/



When preparing a diet you cannot use models
looking at:

() the requirement and supply of energy;
(1) the requirement and supply of water; and
(i) 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



EXAMPLE #2

A quantitative characterization of the nexus must consider
different aspects of sustainability of the metabolic pattern

FEASIBILITY T what are the external limits determined by
processes outside human control (e.g. available resources)

VIABILITY T what are the internal limits determined by
process under human control (e.g. affordability)

DESIRABILITY T compatibility with normative values and
stability of institutions

LEVEL OF EXTERNALIZATION T how much are we
exploiting the activity of other Societal-Ecological-Systems?



The nexus between water, energy, food, money and land
In agricultural production in the great plains, USA, in 1930

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



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)

GRAINS
(for CASH)

ENERGY

400 tonnes for the diet A 200 ha T for grains

2,850 tonnes for the market A, 1,600 ha:T for grains

activity of 364 horses/mules A: 700 ha iT for oats

(required power for cultivating
2,500 ha)

TOTAL 2,500 ha - cropped land



(power ‘for 2,50 f crops)

364 horses/mules

ENERGY

Requirements of 1,000 people per year
MARKET ($)

2,850 tonnes grains

400 tonnes grains

(food fo\ri\Wple)

FOOD

(|ncome\(N\1,000 people)

1(1.9 x 364) + (0.55 x 400) + (0.55 x 2 850)' (665 X 364) + (275 x 400) + (275 x 2,850) :

N

LAND TOTAL 2,500 ha cropland '

N

/

e

WATER TOTAL 1.15 MT water

\
1
1

1

1 horse/mule activity \ \

-

‘energy/power

1
\
\
\
1
1

1.9 ha 665tonnes

land

water

*

for food

land

\
\
\
\
\
\

0.55ha 275tonnes
water

. (N |
S — - - — — —
N
N
\
\
\
\
\
\
\

1 tonne grain

®*

Processes
for the market producing
inputs
0.55ha 275tonnes
land water



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



A quantitative characterization of the nexus requires the
ability to handle impredicativity (chicken-egg paradoxes)

It is not about determining unique directions of causality
and deterministic relations sucha s becauseo f BO

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



Compatibility with institutions
and normative values

Is it acceptable according

Do we like it?

to our values? DESIRABILITY

Good soil?
Enough land?
Appropriate climate?

Enough water?

FEASIBILITY

Compatibility with processes
outside human control

EXTERNAL BIOPHYSICAL
CONSTRAINTS

Is the profit OK?
Are the costs affordable?

Do we have the required know-how
and the appropriate tecnology?

VIABILITY

Compatibility with processes
under human control

INTERNAL BIOPHYSICAL
ECONOMIC CONSTRAINTS



CASE #1 Compatibility with institutions
and normative values

ln;enlsive fag?(;ng MAXIMIZING ECONOMIC
US plains 1
DESIRABILITY  RETURN | |
/ > 3 tonnes of grain per capita

. DECREASING RETURN
O SCALE

VIABILITY

~ompatibility with processes
‘nder human control

«7"~RNAL BIOPHYSICAL AND
#IHNOMIC CONSTRAINTS

INTERNAL CONSTRAINT



CASE #2 Compatibility with institutions

Subsistence and normative values

o SUBSISTENCE ECONOMY
society in Nepal

DESIRABILITY 400 kg of grain per capita

SHORTAGE OF AGRICULTURAL

< 0.2 ha of arable land p

FEASIBILITY

EXTERNAL BIOPHYSICAL Fessasss SE v e R
CONSTRAINTS ECONOMIC CONSTRAINTS

EXTERNAL CONSTRAINT



CASE #3

Compatibility with institutions
and normative values

Buddhist RELIGIOUS COMMUNITY
communit
Y DESIRABILITY 400 of grain p.c./year
- ;_1 _CULTURAL CONSTRAINTS
I e N GO B e e R
Pl ThaAder e gl DR G

PLENTY| 4

Comp
outsil

EXTE

¥ = Bocesses
ol

CALAND
RAINTS




CASE #4
Hong Kong

Compatibility with institutions
and normative values

DESIRABILITY

/

SHORTAGE OF AGRICULTURAL LAND

WATER AND ENERGY

< 0.01 ha of arable land p.c.

FEASIBILITY

Compatibility with processes
outside human control

EXTERNAL BIOPHYSICAL
CONSTRAINTS

IMPORTS!

MAXIMIZING ECONOMIC
RETURN

> 40,000 US$ per capita

l

Economy based on a strong
Financial Sector & Trading

VIABILITY

Compatibility with processes
under human control

INTERNAL BIOPHYSICAL &
ECONOMIC CONSTRAINTS

EXTERNALIZATION



