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Sustainability: a multidimensional 

concept

Subdimensions

interacting in a 

non-linear way



How to assess tradeoffs in 
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How to assess tradeoffs in 

sustainability
Explore relationships between indicators collected 

in different farms/regions



How to assess tradeoffs in 

sustainability
Predict how indicators would change in response to 

modifications to the system
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The project Animal Future

• Decision support system – set of indicators 

defined and collected

• Inventory of innovations in different European 

animal production systems

• Analyzing how indicators are related

• Predict impacts of innovations on indicators

• MULTISCALE APPROACH: from farm, to region, 

to Europe



Case studies



Case studies Portugal
Alentejo region

Beef cattle on 

permanent 

pastures (some with 

sheep)



Case studies Germany
Oberbayern region

Dual purpose cattle 

grassland + arable



Case studies France
Pas de Calais region

Extensive dairy cattle



Case studies France
Bourbonnais region

Extensive beef 

cattle



Case studies The Netherlands
Gelderland region

Laying hens



Case studies Spain
Aragòn region

Extensive sheep



Which indicators?

What is 

meaningful

for the three 

pillars of 

sustainability

What is 

feasible/avail
able to 

collect in the 

case studies

• List of indicators is open and non-exhaustive

• A priori difficult to select the most meaningful 

indicators
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Building the database

ENVIRONMENT

36 INDICATORS

ECONOMY

10 INDICATORS

SOCIETY

28 INDICATORS

Examples:

• Nitrogen input per surface unit

• Feed nitrogen self sufficiency

• Methane emission from enteric 

fermentation per nitrogen output

• Diesel consumption per surface unit

• Fraction of area in the Natura 2000 

network

• Length of hedges



Building the database

ENVIRONMENT

36 INDICATORS

ECONOMY

10 INDICATORS

SOCIETY

28 INDICATORS

Examples:

• Gross farm income per work unit

• Fraction of subsidies in gross farm 

income



Building the database

ENVIRONMENT

36 INDICATORS

ECONOMY

10 INDICATORS

SOCIETY

28 INDICATORS

Examples:

• Days of holiday for the farmer

• Overwork and stress as perceived by the 

farmer

• Work-life balance

• Training days for family workers

• Days of antibiotics use for animals



ENV ECO SOC

GER 2Pcattle 22 22 22

FRA DairyCattle 44 44 3

FRA BeefCattle 48 48 3

NED LayngHens 17 0 17

ESP ExtSheep 10 10 10

POR BeefCattle 34 31 19

Building the database: a work in 

progress



Collected data Intermediate Indicators

Decision Support System: the structure



Collected data Intermediate Indicators

Decision Support System: the structure

Some indicators are calculated starting 

from data describing the farm(e.g., animal 

categories, housings, animal diets, land 

use). Use of simple equations.



Collected data Intermediate Indicators

Decision Support System: the structure

Some indicators are directly collected.

For social indicators a questionnaire was 

submitted to the farmers



Decision Support System: the structure

• A set of excel tables 

organized as a 

relational database

• A python object-

oriented code for 

computing indicators

• Ambition: to be put on 

line



Overall 

satisfaction for 

being a farmer

Gross farm 

income per 

work unit Subside fraction 

in gross income 

(INV)

External 
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(INV)

Nitrogen 

production per 

livestock unit

Diesel 

consumption 

per surface unit

Fraction of area 

in Natura 2000

Workload as 

perceived by 

the farmer

Work-life 

balance

Preliminary data 

exploration

Ext sheep (ESP) 1

Ext sheep (ESP) 2
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Preliminary data 

exploration



0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

0 0,1 0,2 0,3 0,4 0,5 0,6

N
o

rm
a

liz
e

d
 g

ro
ss

 in
c

o
m

e
 

p
e

r 
w

o
rk

fo
rc

e
 u

n
it

Normalized nitrogen production

for human consumption per livestock unit

Extensive sheep 

(ESP)Preliminary data 

exploration



0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

0 0,1 0,2 0,3 0,4 0,5 0,6

N
o

rm
a

liz
e

d
 g

ro
ss

 in
c

o
m

e
 

p
e

r 
w

o
rk

fo
rc

e
 u

n
it

Extensive sheep 

(ESP)

Extensive beef

cattle (FRA)

Normalized nitrogen production

for human consumption per livestock unit

Preliminary data 

exploration



0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

0 0,1 0,2 0,3 0,4 0,5 0,6

N
o

rm
a

liz
e

d
 g

ro
ss

 in
c

o
m

e
 

p
e

r 
w

o
rk

fo
rc

e
 u

n
it

Extensive sheep 

(ESP)

Extensive beef

cattle (FRA)

Extensive beef

cattle (POR)

Normalized nitrogen production

for human consumption per livestock unit

Preliminary data 

exploration



0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

0 0,1 0,2 0,3 0,4 0,5 0,6

N
o

rm
a

liz
e

d
 g

ro
ss

 in
c

o
m

e
 

p
e

r 
w

o
rk

fo
rc

e
 u

n
it

Extensive sheep 

(ESP)

Extensive beef

cattle (FRA)

Extensive beef

cattle (POR)

Dual purpose

cattle (GER)

Normalized nitrogen production

for human consumption per livestock unit

Preliminary data 

exploration



0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

0 0,1 0,2 0,3 0,4 0,5 0,6

N
o

rm
a

liz
e

d
 g

ro
ss

 in
c

o
m

e
 

p
e

r 
w

o
rk

fo
rc

e
 u

n
it

Extensive sheep 

(ESP)

Extensive beef

cattle (FRA)

Extensive beef

cattle (POR)

Dual purpose

cattle (GER)

Dairy cattle

(FRA)

Normalized nitrogen production

for human consumption per livestock unit

Preliminary data 

exploration



0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

0 0,1 0,2 0,3 0,4

N
o

rm
a

liz
e

d
 n

it
ro

g
e

n
 p

ro
d

u
c

ti
o

n
fo

r 
h

u
m

a
n

 c
o

n
su

m
p

ti
o

n
 p

e
r 

liv
e

st
o

c
k
 u

n
it

Normalized electricity consumption

per nitrogen production

Preliminary data 

exploration



0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

0 0,1 0,2 0,3 0,4

N
o

rm
a

liz
e

d
 n

it
ro

g
e

n
 p

ro
d

u
c

ti
o

n
fo

r 
h

u
m

a
n

 c
o

n
su

m
p

ti
o

n
 p

e
r 

liv
e

st
o

c
k
 u

n
it

Normalized electricity consumption

per nitrogen production

Laying hens

(NED)
Preliminary data 

exploration



0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

0 0,1 0,2 0,3 0,4

N
o

rm
a

liz
e

d
 n

it
ro

g
e

n
 p

ro
d

u
c

ti
o

n
fo

r 
h

u
m

a
n

 c
o

n
su

m
p

ti
o

n
 p

e
r 

liv
e

st
o

c
k
 u

n
it

Normalized electricity consumption

per nitrogen production

Laying hens

(NED)

Extensive beef

cattle (FRA)

Preliminary data 

exploration



0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

0 0,1 0,2 0,3 0,4

N
o

rm
a

liz
e

d
 n

it
ro

g
e

n
 p

ro
d

u
c

ti
o

n
fo

r 
h

u
m

a
n

 c
o

n
su

m
p

ti
o

n
 p

e
r 

liv
e

st
o

c
k
 u

n
it

Normalized electricity consumption

per nitrogen production

Laying hens

(NED)

Extensive beef

cattle (FRA)

Extensive beef

cattle (POR)

Preliminary data 

exploration



0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

0 0,1 0,2 0,3 0,4

N
o

rm
a

liz
e

d
 n

it
ro

g
e

n
 p

ro
d

u
c

ti
o

n
fo

r 
h

u
m

a
n

 c
o

n
su

m
p

ti
o

n
 p

e
r 

liv
e

st
o

c
k
 u

n
it

Normalized electricity consumption

per nitrogen production

Laying hens

(NED)

Extensive beef

cattle (FRA)

Extensive beef

cattle (POR)

Dual purpose

cattle (GER)

Preliminary data 

exploration



0

0,1

0,2

0,3

0,4

0 0,2 0,4 0,6 0,8 1

Dual purpose

cattle (GER)

N
o

rm
a

liz
e

d
 n

it
ro

g
e

n
 f

e
e

d
 s

e
lf
 s

u
ff

ic
ie

n
c

y

Normalized number of days off 

for the farmer

Preliminary data 

exploration



Collected data Intermediate Indicators

Scenarios

Scenarios are possible 

only for a subset of 
indicators



Collected data Intermediate Indicators

Scenarios

For other indicators it is 

necessary to use more 

complicated models.

For social indicators 

necessary to organize 

workshops with 
stakeholders

See poster

31.14
Karger et al.



Perspectives

• Completing the data collection

• Systematic exploration of 
relationships between indicators



Thank you!

francesco.accatino@inra.fr

Twitter: @FraAccatino

mailto:francesco.accatino@inra.fr
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Assessing tradeoffs and synergies

• Exploring relationship between 

indicators in different animal 
production systems

• Scenarios (what-if) and 

optimization


