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1



Laboratory on 
Human-
Environment 
Relations in 
Urban Systems

Su
st

ai
n

ab
ili

ty
 A

ss
e

ss
m

e
n

t 
o

f 
U

rb
an

 S
ys

te
m

s

Program of the course
2

n° Date Session Milestones Project

1 19/02/2025 Introduction into sustainability and SA

2 26/02/2025 Sustainability issues in urban systems

3 05/03/2025 Key steps in SA #1: SSP, normative dimension, frameworks Groups formed

4 12/03/2025 Key steps in SA #2: Systemic dimension

5 19/03/2025 Key steps in SA #3: Participatory dimension Submission - Outline 19.03

6 26/03/2025 Deriving indicators (1/2)

7 02/04/2025 Deriving indicators (2/2)

8 09/04/2025 Influence matrix

9 16/04/2025 Multi-Criteria Analysis

23/04/2025 Easter break

10 30/04/2025 Deriving policy recommendations 

11 07/05/2025 Working session : Poster preparation

12 14/05/2025
Sustainability Assessment in practice 

Roundtable with stakeholders

13 21/05/2025 Exam

14 28/05/2025 Presentation of semester work_2
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* May be updated depending on the number of students enrolled 

Lectures : BS 170 on Wednesdays, 13:15 – 16:00 (Lecture + Exercise) 
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A chronological overview of the course
3

• Alternatives, scenarios

• Stakeholders

• System embeddedness

• Indicator framework

• Potential indicators

• Final set of indicators

• Thresholds & targets

• Selection criteria

Data collection

Assessment

Recommendations

• Scales (system boundaries)

Lecture 9
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Ness et al. (2007) Merino-Saum (2020)
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Putting MCA into 
context…

5



Laboratory on 
Human-
Environment 
Relations in 
Urban Systems

Su
st

ai
n

ab
ili

ty
 A

ss
e

ss
m

e
n

t 
o

f 
U

rb
an

 S
ys

te
m

s
6

The number of tools and approaches that claim that they can be used for assessing 

sustainability has rapidly grown in the last 20 year… 

Life Cycle 
Assessment (LCA)

Ecological Footprint
Emergy Analysis

Environmental Impact 
Assessment

Multi-Criteria 
Analysis (MCA)

Cost-Benefit 
Analysis (CBA)

System Dynamics

Material Flow 
Analysis (MFA)

Exergy Analysis

Contingent 
Valuation Method

Hedonic Pricing
Travel Cost 

MethodInput-Output 
Analysis

Risk Analysis

Vulnerability 
Analysis

Conceptual 
Modelling

Scenario Development 
& Analysis

Human Appropriation of Net 
Primary Production (HANPP)

MCA: one tool among others…
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Unidimensional sets of indicators

Ex-post analysis 
(descriptive)

Ex-ante analysis 
(change-oriented)

Focus on: (i) materials, (ii) specific 
substances or (iii) energy flows in 
a particular region.

3 “umbrella” categories of 
sustainability assessment tools

Composite indexes

Focus on flows in connection with production and consumption 
of goods and services

Often carried out in the form of scenarios. Many 
of them rely on system analysis approaches and 
integrate nature and society concerns

Integrated tools

NON-integrated tools

Ness et al. (2007)

Focus
Disaggregated sets of indicators
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(Halla et al. 2020)

The overarching objective of MCA is the study of decision problems in which several 

points of view (or evaluative criteria) must be simultaneously taken into 

consideration (Roy & Vincke 1981) 

(Park et al. 2020)
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MCA: a (very brief) historical overview…
12

Multi-Criteria 

Decision Making

(MCDM)

Multi-Criteria 

Decision Aid

(MCDA)

Participatory Multi-

Criteria Approaches 

(PMCA)

Perfect mathematical axiomatization

New paradigms of rationality

An optimal solution is determined

Identification of acceptable solutions

Existing conflicts are made explicit

Participation becomes an imperative

Criticisms towards the opacity of 
some MCA

AMC is mostly 

applied in 

Management

AMC is mostly 

applied in 

policy-making

AMC applied in 

Environmental 

Governance
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MCA: a (very brief) historical overview…
13

Multi-Criteria 

Decision Making

(MCDM)

Multi-Criteria 

Decision Aid

(MCDA)

Participatory Multi-

Criteria Approaches 

(PMCA)

Perfect mathematical axiomatization

New paradigms of rationality

An optimal solution is determined

Identification of acceptable solutions

Existing conflicts are made explicit

Participation becomes an imperative

Criticisms towards the opacity of 
some MCA

AMC is mostly 

applied in 

Management

AMC is mostly 

applied in 

policy-making

AMC applied in 

Environmental 

Governance
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MCA: core elements
14

(Martel & Rousseau 1993; Banville et al. 1998)

Several 

alternatives

Aggregative 

procedure

A finite set of 

evaluative 

criteria

Performance 

scores
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MCA: core elements – Impact matrix
17

Options

Criteria Units aj=1 aj=2 (…) aj=n

gi=1 g1(a1) g1(a2) … g1(an)

gi=2 … … … …

(…) … … … …

gi=m gm(a1) gm(a2) … gm(an)

A is a finite set of options aj (j=1,2,…,n) 

G
 i
s
 a
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1
,2
,…
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Option a1 is seen as being better than option a2 according to criterion 𝒈𝟏, when the

performance score that a1 gets for this criterion is higher than the performance score that a2 gets

for the same criterion; i.e. gi (a1) > gi (a2).

Performance scores
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MCA: core elements – Impact matrix
18

“INFLUENCE” Matrix

“IMPACT” Matrix



Laboratory on 
Human-
Environment 
Relations in 
Urban Systems

Su
st

ai
n

ab
ili

ty
 A

ss
e

ss
m

e
n

t 
o

f 
U

rb
an

 S
ys

te
m

s

MCA: core elements – Impact matrix
19

Gamboa & Munda (2006)

Illustration 1: Windfarm location in Catalonia (Northern Spain).

Performance scores

Options

C
ri
te

ri
a
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MCA: core elements – Impact matrix
20

De Marchi et al. (2000)

Illustration 2: Urban water management (Troina, Italy).

Options

C
ri
te

ri
a

Performance scores



Laboratory on 
Human-
Environment 
Relations in 
Urban Systems

Su
st

ai
n

ab
ili

ty
 A

ss
e

ss
m

e
n

t 
o

f 
U

rb
an

 S
ys

te
m

s

MCA as a way of life…
21

Travelling to Paris… Options

Criteria Units

Travelling to Paris… Options

Criteria Units Own car Car sharing Plane Train Bus

Economic costs Euros 85 euros 40 euros 50 euros 79 euros 37 euros

Carbon impact kg eq. CO₂ 138.33 kg 46.11 kg 159.37 kg 20.26 kg 21.60 kg

Time Hours 5h30 5h30 1h 3h15 7h30

Comfort Qualitative scale Very high High Medium High Low

Social interactions 

(possibility of 

meeting people)

Subjective scale 1 7 3 5 3

Reliability
Probability of 

delay (subj. scale)
+ + ++ +++ +

Possibility of 

working

Hours of work 

(estimation)
0h 0h 30min 3h 4h

Fidelity programs
Ex: miles 

(Airfrance)
Not possible Easy Easy Very easy Not possible

- Critical thresholds

- Lexicographic preferences

- Total commensurability

…We all face complex problems in our current life and we all tackle 

them (more or less explicitly) through a multi-criteria reasoning…!!

Criteria Units Own car Car sharing Plane Train BusCriteria

Economic costs

Carbon impact

Time

Comfort

Social interactions 

(possibility of 

meeting people)

Reliability

Possibility of 

working

Fidelity programs

Disposable budget: 60€/trip
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Weighted sum 
methods

22
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MCA: Aggregative procedures 23

1. Weighted sum methods

2. Outranking methods

3. Analytical Hierarchy Process (AHP)
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In weighted sum methods, all performance scores obtained by an option are aggregated and then 

integrated within an overall score. 

The aggregation relies on THREE STEPS: 

(i) Standardizing performance scores;

(ii) Multiplying such scores by their respective weights;

(iii) Adding all the resulting scores.

Weighted sum methods are particularly straightforward (Janssen & Munda 1999: 841; Dodgson 

et al. 2009: 25; etc.). 

Aggregation

Comparison

Weighted sum methods
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Thanks to weighted sum methods, all the options may be ranked and compared to each other. 

From a mathematical point of view, such a process implies to apply the following 
equation :

Ij =   𝑤𝑖 ∙ 𝑝𝑖𝑗
𝑛
𝑖=1  

Where:

Ij express the overall value associated to option j ;

wi is the weight given to criterion i ;

pij signals the normalized score for option j according to criterion i ;

With   𝑖=1
𝑁 𝑤𝑖 = 1 ; 0 ≤ wi ≤ 1 ; and i = 1,2,…,n.

The best option is the one with the highest normalized overall score. 

Weighted sum methods
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Most frequent Normalization techniques (Saisana & Tarantola 2002; OECD 2003; Munda 2008): 

1. “Standard deviation from the mean” (imposing a standard normal distribution): 

↑: 
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆 − 𝒎𝒆𝒂𝒏 𝒗𝒂𝒍𝒖𝒆

𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅 𝒅𝒆𝒗𝒊𝒂𝒕𝒊𝒐𝒏

↓: − (
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆 − 𝒎𝒆𝒂𝒏 𝒗𝒂𝒍𝒖𝒆

𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅 𝒅𝒆𝒗𝒊𝒂𝒕𝒊𝒐𝒏
)

2. “Distance from the group leader” (it assigns 100 to the leading alternative while other 

alternatives are ranked as percentage points from the leader): 

↑: 100 (
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆

𝒃𝒆𝒔𝒕 𝒗𝒂𝒍𝒖𝒆
)

↓: 100 ( 
𝒃𝒆𝒔𝒕 𝒗𝒂𝒍𝒖𝒆

𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆
) 

Positive (negative) values for a 

given city indicate above 

(below)-average performance

Weighted sum methods
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3. “Distance from the mean” (the mean value is given 100, and alternatives receive scores 

depending on their distance from the mean): 

↑: 100 (
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆

𝒎𝒆𝒂𝒏 𝒗𝒂𝒍𝒖𝒆
 )

↓: 100 (1 -
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆 −𝒎𝒆𝒂𝒏 𝒗𝒂𝒍𝒖𝒆

𝒎𝒆𝒂𝒏 𝒗𝒂𝒍𝒖𝒆
 )

4. “Distance from the best and worst performers” (positioning is in relation to the global 

maximum and minimum; the index takes values between 0 -laggard- and 100 -leader-):

100 (
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆 −𝒘𝒐𝒓𝒔𝒕 𝒗𝒂𝒍𝒖𝒆

𝒃𝒆𝒔𝒕 𝒗𝒂𝒍𝒖𝒆 −𝒘𝒐𝒓𝒔𝒕 𝒗𝒂𝒍𝒖𝒆
 )

Values higher than

100 indicate above-average 

performance

Weighted sum methods
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Travelling to Paris… Options

Criteria Units Own car Car sharing Plane Train Bus

Economic costs Euros 85 euros 40 euros 50 euros 79 euros 37 euros

Carbon impact kg eq. CO₂ 138.33 kg 46.11 kg 159.37 kg 20.26 kg 21.60 kg

Time Hours 5h30 5h30 1h 3h15 7h30

Comfort Qualitative scale Very high High Medium High Low

Social interactions 

(possibility of 

meeting people)

Subjective scale 1 7 3 5 3

Reliability
Probability of 

delay (subj. scale)
+ + ++ +++ +

Possibility of 

working

Hours of work 

(estimation)
0h 0h 30min 3h 4h

Fidelity programs
Ex: miles 

(Airfrance)
Not possible Easy Easy Very easy Not possible

1. “Standard deviation from the mean” 

2. “Distance from the group leader” 

3. “Distance from the mean” 

4. “Distance from the best and worst performers” 

Standardization

Weighted sum methods



Laboratory on 
Human-
Environment 
Relations in 
Urban Systems

Su
st

ai
n

ab
ili

ty
 A

ss
e

ss
m

e
n

t 
o

f 
U

rb
an

 S
ys

te
m

s

Weighted sum 
methods

29

Travelling to Paris… Options

Criteria Units Own car Car sharing Plane Train Bus

Economic costs Euros ↓ 85 40 50 79 37

Carbon impact kg eq. CO₂ ↓ 138.33 46.11 159.37 20.26 21.60

Time Hours ↓ 5.5 5.5 1 3.25 7.25

Comfort Qualitative scale ↑ 5 4 3 4 2

Social interactions (possibility 

of meeting people)
Subjective scale ↑ 1 7 3 5 3

Reliability
Probability of 

delay (subj. scale)
↑ 1 1 2 3 1

Possibility of working
Hours of work 

(estimation)
↑ 0 0 0.5 3 4

Fidelity programs
Ex: miles 

(Airfrance)
↑ 1 2 2 3 1

Goods/Bads

Likert Scales

Very low 1

Low 2

Medium 3

High 4

Very high 5

Weighted sum methods
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the mean
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Travelling to Paris… Options

Criteria Units Own car Car sharing Plane Train Bus

Economic costs Euros ↓

Carbon impact kg eq. CO₂ ↓

Time Hours ↓

Comfort Qualitative scale ↑

Social interactions (possibility 

of meeting people)
Subjective scale ↑

Reliability
Probability of 

delay (subj. scale)
↑

Possibility of working
Hours of work 

(estimation)
↑

Fidelity programs
Ex: miles 

(Airfrance)
↑

↑: 
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆 − 𝒎𝒆𝒂𝒏 𝒗𝒂𝒍𝒖𝒆

𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅 𝒅𝒆𝒗𝒊𝒂𝒕𝒊𝒐𝒏

↓: − (
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆 − 𝒎𝒆𝒂𝒏 𝒗𝒂𝒍𝒖𝒆

𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅 𝒅𝒆𝒗𝒊𝒂𝒕𝒊𝒐𝒏
)

=  - [(85 - 58,2) / 22,35]

-1,20

= (4 - 3,6) / 1,02

0,39

1. Standard deviation from the mean
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Travelling to Paris… Options

Criteria Units Own car Car sharing Plane Train Bus

Economic costs Euros ↓ -1,20 0,81 0,37 -0,93 0,95

Carbon impact kg eq. CO₂ ↓ -1,03 0,52 -1,38 0,95 0,93

Time Hours ↓ -0,46 -0,46 1,62 0,58 -1,27

Comfort Qualitative scale ↑ 1,37 0,39 -0,59 0,39 -1,57

Social interactions (possibility 

of meeting people)
Subjective scale ↑ -1,37 1,57 -0,39 0,59 -0,39

Reliability
Probability of 

delay (subj. scale)
↑ -0,75 -0,75 0,50 1,75 -0,75

Possibility of working
Hours of work 

(estimation)
↑ -0,90 -0,90 -0,60 0,90 1,49

Fidelity programs
Ex: miles 

(Airfrance)
↑ -1,07 0,27 0,27 1,60 -1,07

-5,40      1,45           -0,20       5,83           -1,68

↑: 
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆 − 𝒎𝒆𝒂𝒏 𝒗𝒂𝒍𝒖𝒆

𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅 𝒅𝒆𝒗𝒊𝒂𝒕𝒊𝒐𝒏

↓: − (
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆 − 𝒎𝒆𝒂𝒏 𝒗𝒂𝒍𝒖𝒆

𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅 𝒅𝒆𝒗𝒊𝒂𝒕𝒊𝒐𝒏
)

1. Standard deviation from the mean
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Travelling to Paris… Options

Criteria Units Own car Car sharing Plane Train Bus

Economic costs Euros ↓

Carbon impact kg eq. CO₂ ↓

Time Hours ↓

Comfort Qualitative scale ↑

Social interactions (possibility 

of meeting people)
Subjective scale ↑

Reliability
Probability of 

delay (subj. scale)
↑

Possibility of working
Hours of work 

(estimation)
↑

Fidelity programs
Ex: miles 

(Airfrance)
↑

= 100 (37/85)

43,5

↑: 100 (
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆

𝒃𝒆𝒔𝒕 𝒗𝒂𝒍𝒖𝒆
) ↓: 100 ( 

𝒃𝒆𝒔𝒕 𝒗𝒂𝒍𝒖𝒆

𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆
) 

= 100 (37/79)

46,8

= 100 (4/5)

80,0

2. Distance from the group leader
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Travelling to Paris… Options

Criteria Units Own car Car sharing Plane Train Bus

Economic costs Euros ↓ 43,5 92,5 74 46,8 100,0

Carbon impact kg eq. CO₂ ↓ 14,6 43,9 12,7 100,0 93,8

Time Hours ↓ 18,2 18,2 100,0 30,8 13,3

Comfort Qualitative scale ↑ 100,0 80,0 60,0 80,0 40,0

Social interactions (possibility 

of meeting people)
Subjective scale ↑ 14,3 100,0 42,9 71,4 42,9

Reliability
Probability of 

delay (subj. scale)
↑ 33,3 33,3 66,7 100,0 33,3

Possibility of working
Hours of work 

(estimation)
↑ 0,0 0,0 12,5 75,0 100,0

Fidelity programs
Ex: miles 

(Airfrance)
↑ 33,3 66,7 66,7 100,0 33,3

257,2      434,6           435,5       604,0           456,6

↑: 100 (
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆

𝒃𝒆𝒔𝒕 𝒗𝒂𝒍𝒖𝒆
) ↓: 100 ( 

𝒃𝒆𝒔𝒕 𝒗𝒂𝒍𝒖𝒆

𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆
) 2. Distance from the group leader
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Travelling to Paris… Options

Criteria Units Own car Car sharing Plane Train Bus

Economic costs Euros ↓

Carbon impact kg eq. CO₂ ↓

Time Hours ↓

Comfort Qualitative scale ↑

Social interactions (possibility 

of meeting people)
Subjective scale ↑

Fiability
Probability of 

delay (subj. scale)
↑

Possibility of working
Hours of work 

(estimation)
↑

Fidelity programs
Ex: miles 

(Airfrance)
↑

↑: 100 (
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆

𝒎𝒆𝒂𝒏 𝒗𝒂𝒍𝒖𝒆
 )

↓: 100 (1 -
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆 −𝒎𝒆𝒂𝒏 𝒗𝒂𝒍𝒖𝒆

𝒎𝒆𝒂𝒏 𝒗𝒂𝒍𝒖𝒆
 )

= 100 [1 -(85-58,2)/58,2]

53,95

= 100(4/3,6)

111,11

3. Distance from the mean
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Travelling to Paris… Options

Criteria Units Own car Car sharing Plane Train Bus

Economic costs Euros ↓ 53,95 131,27 114,09 64,26 136,43

Carbon impact kg eq. CO₂ ↓ 20,66 140,22 -6,61 173,73 172,00

Time Hours ↓ 77,78 77,78 177,78 127,78 38,89

Comfort Qualitative scale ↑ 138,89 111,11 83,33 111,11 55,56

Social interactions (possibility 

of meeting people)
Subjective scale ↑ 26,32 184,21 78,95 131,58 78,95

Reliability
Probability of 

delay (subj. scale)
↑ 62,50 62,50 125,00 187,50 62,50

Possibility of working
Hours of work 

(estimation)
↑ 0,00 0,00 33,33 200,00 266,67

Fidelity programs
Ex: miles 

(Airfrance)
↑ 55,56 111,11 111,11 166,67 55,56

435,65    818,20         716,98     1162,63       866,54

↑: 100 (
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆

𝒎𝒆𝒂𝒏 𝒗𝒂𝒍𝒖𝒆
 )

↓: 100 (1 -
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆 −𝒎𝒆𝒂𝒏 𝒗𝒂𝒍𝒖𝒆

𝒎𝒆𝒂𝒏 𝒗𝒂𝒍𝒖𝒆
 )

3. Distance from the mean
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100 (
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆 −𝒘𝒐𝒓𝒔𝒕 𝒗𝒂𝒍𝒖𝒆

𝒃𝒆𝒔𝒕 𝒗𝒂𝒍𝒖𝒆 −𝒘𝒐𝒓𝒔𝒕 𝒗𝒂𝒍𝒖𝒆
 )

Travelling to Paris… Options

Criteria Units Own car Car sharing Plane Train Bus

Economic costs Euros ↓

Carbon impact kg eq. CO₂ ↓

Time Hours ↓

Comfort Qualitative scale ↑

Social interactions (possibility 

of meeting people)
Subjective scale ↑

Reliability
Probability of 

delay (subj. scale)
↑

Possibility of working
Hours of work 

(estimation)
↑

Fidelity programs
Ex: miles 

(Airfrance)
↑

= 100 [(85-85)/(37-85)]

0,0

= 100 [(4-2)/(5-2)]

66,7

4. Distance from best and worst performers
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Travelling to Paris… Options

Criteria Units Own car Car sharing Plane Train Bus

Economic costs Euros ↓ 0,0 93,7 72,9 12,5 100,0

Carbon impact kg eq. CO₂ ↓ 15,1 81,4 0,0 100,0 99,0

Time Hours ↓ 30,8 30,8 100,0 65,4 0,0

Comfort Qualitative scale ↑ 100,0 66,7 33,3 66,7 0,0

Social interactions (possibility 

of meeting people)
Subjective scale ↑ 0,0 100,0 33,3 66,7 33,3

Reliability
Probability of 

delay (subj. scale)
↑ 0,0 0,0 50,0 100,0 0,0

Possibility of working
Hours of work 

(estimation)
↑ 0,0 0,0 12,5 75,0 100,0

Fidelity programs
Ex: miles 

(Airfrance)
↑ 0,0 50,0 50,0 100,0 0,0

145,9      422,6           352,0       519,6           332,3

100 (
𝒂𝒄𝒕𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆 −𝒘𝒐𝒓𝒔𝒕 𝒗𝒂𝒍𝒖𝒆

𝒃𝒆𝒔𝒕 𝒗𝒂𝒍𝒖𝒆 −𝒘𝒐𝒓𝒔𝒕 𝒗𝒂𝒍𝒖𝒆
 )4. Distance from best and worst performers
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1. Train 1. Train 1. Train 1. Train

2. Bus 2. Car sharing 2. Car sharing 2. Bus

3. Plane 3. Plane 3. Plane 3. Car sharing

4. Car sharing 4. Bus 4. Bus 4. Plane

5. Own car 5. Own car 5. Own car 5. Own car

38

Distance from the 

group leader

Distance from the best 

and worst performers

Standard deviation 

from the mean

Distance from the 

mean

Standardization Ranking

Weighted sum methods
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Travelling to Paris… Options

Criteria Units Own car Car sharing Plane Train Bus

Economic costs Euros ↓ 85 euros 40 euros 50 euros 79 euros 37 euros

Carbon impact kg eq. CO₂ ↓ 138.33 kg 46.11 kg 159.37 kg 20.26 kg 21.60 kg

Time Hours ↓ 5h30 5h30 1h 3h15 7h30

Comfort Qualitative scale ↑ Very high High Medium High Low

Social interactions (possibility 

of meeting people)
Subjective scale ↑ 1 7 3 5 3

Reliability
// Probability of 

delay
↑ + + ++ +++ +

Possibility of working Hours of work ↑ 0h 0h 30min 3h 4h

Fidelity programs Ex: miles ↑ Not possible Easy Easy Very easy Not possible

39

𝑾𝒊

Weighted sum methods
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Travelling to Paris… Options

Criteria Units Own car Car sharing Plane Train Bus

Economic costs Euros ↓ 0,25 85 euros 40 euros 50 euros 79 euros 37 euros

Carbon impact kg eq. CO₂ ↓ 0,25 138.33 kg 46.11 kg 159.37 kg 20.26 kg 21.60 kg

Time Hours ↓ 0,10 5h30 5h30 1h 3h15 7h30

Comfort Qualitative scale ↑ 0,05 Very high High Medium High Low

Social interactions (possibility 

of meeting people)
Subjective scale ↑ 0,05 1 7 3 5 3

Reliability
// Probability of 

delay
↑ 0,05 + + ++ +++ +

Possibility of working Hours of work ↑ 0,20 0h 0h 30min 3h 4h

Fidelity programs Ex: miles ↑ 0,05 Not possible Easy Easy Very easy Not possible

𝑾𝒊

Weighted sum methods
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Weighted sum 
methods…

4141

Travelling to Paris… Options

Criteria Units Own car Car sharing Plane Train Bus

Economic costs Euros ↓ 0,25 10,88 23,13 18,50 11,70 25,00

Carbon impact kg eq. CO₂ ↓ 0,25 3,65 10,98 3,18 25,00 23,45

Time Hours ↓ 0,10 1,82 1,82 10,00 3,08 1,33

Comfort Qualitative scale ↑ 0,05 5,00 4,00 3,00 4,00 2,00

Social interactions (possibility 

of meeting people)
Subjective scale ↑ 0,05 0,72 5,00 2,15 3,57 2,15

Reliability
// Probability of 

delay
↑ 0,05 1,67 1,67 3,34 5,00 1,67

Possibility of working Hours of work ↑ 0,20 0,00 0,00 2,50 15,00 20,00

Fidelity programs Ex: miles ↑ 0,05 1,67 3,34 3,34 5,00 1,67

𝑾𝒊

= 43,5*0,25
= 100*0,05

25,39      49,92            45,99       72,35           77,26

(Normalization through “Distance from the group leader”)

Weighted sum methods
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Weighted sum methods… in brief 42

Strenghts:

(i) Simplicity.

(ii) Transparency.

Limitations:

(i) Total compensability between evaluative criteria.

(ii) Subjectivity (weights!).

Personal values Ranking
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Adding participation to MCA
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PMCA: Participatory MCA
44

Lecture 4
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PMCA: Participatory MCA
45

Social Multi-Criteria Evaluation (SMCE)

(Technical) Impact Matrix

(Social) Equity Matrix

set of options 

ev
al

u
at

iv
e 

cr
it

er
ia

 

set of options 

P
ar

ti
ci

p
an

ts

Garmendia et al. (2010)

Munda (2004)

A first way to involve 
experts and the public : 
Differentiate roles 
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PMCA: Participatory MCA
46

Social Multi-Criteria Evaluation (SMCE)

Garmendia et al. (2010)

Munda (2004)

A first way to involve 
experts and the public : 
Differentiate roles 

Inputs

Balance between 
- Objectivity and subjectivity
- Legitimacy and acceptability
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PMCA: Participatory MCA
47

InteGRAAL Approach

O’Connor (2006); O’Connor (2007) Options

Criteria

Participants

A second way of involving both experts 
and the public: 
ask everyone to assess the 
performance 



Laboratory on 
Human-
Environment 
Relations in 
Urban Systems

Su
st

ai
n

ab
ili

ty
 A

ss
e

ss
m

e
n

t 
o

f 
U

rb
an

 S
ys

te
m

s

PMCA: Participatory MCA
48

InteGRAAL Approach

O’Connor (2006); O’Connor (2007)

A second way of involving both experts 
and the public: 
ask everyone to assess the 
performance 

Inputs

- Inclusive participation: Promotes a 
democratic approach

- Perception variability: Captures 
diverse opinions on performance + 
acceptability

But
- Bias risks
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Outranking 
methods

52
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Outranking methods involve pairwise comparisons of all alternative options according to each 

evaluative criterion 

…In very simple terms, the logic behind is similar to a football championship 

Outranking methods were mainly developed by Bernard Roy in 1970s (e.g. ELECTRE 

Methods). These methods try to overcome the limitations that are inherent to mono-criterion 

analysis (compensability, integration of qualitative data, etc.), 

Since then, a plethora of methods have been created and subsequently developed: 

PROMETHEE, MELCHIOR, NAIADE, etc.

Outranking methods

AggregationComparison
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In general terms, we can say that option a “outranks” option b (in formal language, we 

will write aSb) when TWO conditions are fulfilled (ex : ELECTRE 1) :

(i) a is as good as b according to a majority of evaluative criteria (considering their respective 

relative importance); 

(ii) When aSb is not fulfilled, the gap between the performance scores got by options a & b is 

not excessively important.

“Concordance 
condition”

“Discordance 
condition”

Concordance 
Index 

Discordance 
Index 

Outranking methods
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- Concordance index : c(a,b) = 
 𝑖∈ 𝑎𝑺𝑏 𝑤𝑖

 𝑖=1
𝑛 𝑤𝑖

where numerator  i∈ aSb wi corresponds to the sum of weights given to those criteria for 

which relation aSb is fulfilled,

and denominator  𝑖=1
𝑛 𝑤𝑖 corresponds to the sum of all weights. 

a minimal  threshold of “concordance” p is then determined for c(a,b). Option a outranks b

only if: c(a,b) ≥ p

Outranking methods
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Through this second index, we verify that option a doesn’t get too bad scores for those criteria in 

which it is not better than option b. 

… where gi(a) and gi(b) respectively express the performance that options a and b get according to 

criterion i;

And vi is a maximal threshold determined in order to both:

(i) limit extreme cases of compensability; and

(ii) warrant the possibility of introducing a veto positioning (respect of minorities principle).

- Discordance index :

gi(a) - gi(b) ≤ vi

The idea behind this index is to limit the compensability between evaluative criteria. 

Outranking methods
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Outranking methods

Strenghts:

(i) Outranking methods don’t involve total compensability.

(ii) Options may be seen as being incomparable to each other.

Limitations:

(i) Unavoidable subjectivity when defining outranking relations and indexes.

(ii) Complexity behind algorithms
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Wrap-up
58

Researchers and practitioners in the field of Sustainability Assessments should function

not as “archaeologists”, carefully uncovering what is there, but as “architects”, working

to build a defensible expression of value… 

(Gregory et al. 1993 ; Vatn & Bromley 1994).

Tool selection is most often made by the analyst 

on the basis of value-laden principles.

Tool selection inevitably frames the assessment 

and its results!
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Wrap-up
59

… Some principles to take into account when selecting Sustainability 

Assessment tools:

1. Transparency

2. Inclusiveness (from the very beginning…)

3. Alignment with available resource and assessment goals

4. Procedural rationality
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