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2. Preference elicitation methods

2.1. Weight elicitation with the SMART/SWING-variant

2.1.1. An illustrative example

We present an illustrative example for the elicitation of preferences concern-
ing the main objective Intergenerational equity, which has two sub-objectives
“Low future rehabilitation burden (rehab)” and “Flexible system adaptation
(adapt)”.

The definition as well as the best and worst evaluations of the two sub-
objectives were given to the stakeholders in an information letter sent to them
two weeks before the interview. The status quo was presented as reference
information. In the interview, the interviewer used the visualization as in Figure
SM-1 to remind the stakeholders of the information.

Intergenerational 
equity

rehab adapt

Realization of the 
rehabilitation demand 
[% ]

Flexibility of technical 
extension or 
deconstruction of 
infrastructure [% ]

100%

50%

0%

100%

50%

0%

Figure SM-1: Visualization presented to the stakeholder to show the best, worst, and
moderate evaluations of the two sub-objectives: “rehab”and “adapt”.

Note: Currently, 80% to 100% of the total rehabilitation demand is being
realized. The system with centralized wastewater treatment plants is not very
flexible (20 – 50% flexibility).

Because there were only two objectives, it was unnecessary to choose a refer-
ence. So the elicitation of weights involved two questions. The first was to rank
the two sub-objectives according to their importance within the range. The
formulation of the question is shown in Box 1. The second question asked for

3
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the strength of preference if indifference was not stated for the first question.
The question was formulated as in Box 2.

Box 1. Elicitation of the ranking of objectives using the SMART/SWING-
variant: Choice of one sub-objective to improve.

Compare two objectives
Suppose the following two sub-objectives are in the worst-possible state.
Objective A: Low rehabilitation burden until 2050

Best case: Proactive renewal, renovation, and replacement
measures are being carried out (100% realization of the re-
habilitation demand). The state of the wastewater system
remains about as good as it is today.

Worst case: No renewal, renovation, or replacement is
being carried out (0% realization of the rehabilitation de-
mand). Hence, all negative legacy is burdened onto the next
generation.

Objective B: Flexible system adaption

Best case: The system is very flexible (100% flexibility).
It is easily and quickly possible to adapt the capacities to
changed requirements.

Worst case: The system is very inflexible (0% flexibility)
and the technical extension or deconstruction of the system
is very difficult.

You can now choose one objective that you want to improve to the best-
possible state. Or is it equally important to you that both objectives get
improved to the best-possible state?
Please choose one of the options:

1. It is more important for me to improve objective A compared to ob-
jective B from the worst to the best-possible state.

2. It is more important for me to improve objective B compared to ob-
jective A from the worst to the best-possible state.

3. I cannot see the difference, both improvements are exactly equally
important to me.

4
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Box 2. Elicitation of weights using the SMART/SWING-variant: Indica-
tion of strength of preference.

Strength of the importance
You stated that improving Objective A from the worst to the best-possible
case is more important to you than improving Objective B from the worst
to the best-possible case.

We would like to know how much more important this first improvement is?
Please complete the in the following sentence by choosing from one of
the nine categories C1, · · ·C9: An improvement of the objective A from the
worst to the best case is than (as) an improvement in the objective B
from the worst to the best case.
(C1: equally important; C3: somewhat more important; C5: more important; C7:
much more important; C9: extremely more important; C2, C4, C6, C8: between
categories)
Objective A: Low rehabilitation burden until 2050

Best case: Proactive renewal, renovation, and replacement mea-
sures are being carried out (100% realization of the rehabilitation
demand). The state of the wastewater system remains about as
good as it is today.

Worst case: No renewal, renovation, or replacement is being
carried out (0% realization of the rehabilitation demand). Hence,
all negative legacy is burdened onto the next generation.

Objective B: Flexible system adaption

Best case: The system is very flexible (100% flexibility). It is
easily and quickly possible to adapt the capacities to changed
requirements.

Worst case: The system is very inflexible (0% flexibility) and
the technical extension or deconstruction of the system is very
difficult.

2.1.2. Elicited preferences of the example

One stakeholder stated that improving the objective “rehab” was extremely
more important than improving the objective “adapt” from the worst to the
best-possible case. This could be interpreted as wrehab

wadapt
= 9. We can then

calculate that wrehab = 0.9 and wadapt = 0.1 with the constraint that the two
weights add up to unity.

5



Zheng, J.& Lienert, J.(2017) Stakeholder interviews with two elicitation philosophies

2.2. Preference elicitation procedure using the UTAGMS method

2.2.1. An illustrative example

We present an illustrative example for the elicitation of preferences with the
UTAGMS procedure again concerning the main objective Intergenerational eq-
uity. A typical elicitation process is:
Interaction 1: We presented a pairwise comparison Comp1 : C(a3, a7) to the
stakeholder (see Tab. 1 in main text) and asked which option was preferred
or whether both were equally good (using the visualization with emoticons as
in Box 3). Then the strength of preference was elicited (Box 4) using the nine
AHP-type categories to choose from (C1: “there is no difference between the
alternatives” to C9: “there is an extreme difference”; see Methods in main text).

Box 3. Pairwise comparison: Choice of a preferred alternative.

There are two wastewater infrastructure system options. Option A is that
we have a system which realizes a very high proportion of the rehabilitation
demand but is very inflexible to change. Option B is that the rehabilitation
is barely implemented and left to the next generation while the infrastruc-
ture is easy to adapt to future changes. Which option do you prefer? Or
are the two options equally good to you?

Option A: a3
rehab adapt

100% 0%

?

Option B: a7
rehab adapt

0% 100%

6
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Box 4. Pairwise comparison: Indication of strength of preference.

Strength of the pairwise comparison
You stated that Option A is better than Option B. We would like to know
how much is the difference of attractiveness between the two alternatives?
Please complete the in the following sentence by choosing one of the
given nine categories: The difference of attractiveness between a3 and a7 is

.

Suppose that the stakeholder’s response to the above two questions was that
in the comparison of alternatives a3 with a7, the alternative a3 was preferred
(answer to question in Box 3), and that the strength of preferences was such
that there was a weak difference (i.e. C3) between a3 being better than a7
(answer to question in Box 4). This can be denoted as: C(a3 � a7) ∈ C3,
whereby two new necessary weak preference relations were also found: Comp4 :
a3 � a4 and Comp8 : a6 � a7. We estimated the number of necessary weak
preference relations generated if one of the six remaining pairwise comparisons
was known. We found that the six remaining comparisons would lead to the
same number of necessary weak dominance relations. For example, for both
Comp2 : C(a2, a7) and Comp5 : C(a3, a5), the number of derived necessary
weak preference relations were 4 if this specific comparison was determined
(Tab. SM-2).

7
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Table SM-2: New necessary weak preference relation for two pairwise comparisons. We
present the new necessary weak preference relations with the assumption that the
stakeholder responds to the question in a particular way. N/A means no new necessary weak
preference. For example, if we ask the stakeholder to compare a2 and a7 and she responds
that a2 � a7, two more necessary weak preferences are generated: a2 � a4 and a5 � a7.

Comparison Response New necessary weak preference relations
C(a2, a7) a2 � a7 a2 � a4; a5 � a7

a7 � a2 N/A
a2 ∼ a7 a2 � a4; a5 � a7

C(a3, a5) a3 � a5 N/A
a5 � a3 a8 � a3; a5 � a7
a3 ∼ a5 a8 � a3; a5 � a7

Interaction 2 : We randomly chose Comp2 : C(a2, a7) (see Tab. 1) and
presented this pair to the stakeholder in a similar form as in Box 3 and 4 (SM).

Suppose that the stakeholder said that alternative a2 was preferred to al-
ternative a7 and that there was a moderate difference between these two alter-
natives, i.e. Comp2 : C(a2 � a7) ∈ C5. We added this preference information
and calculated the number of questions for each of the three remaining compar-
isons. This time we found that Comp6 : C(a3, a8) would be the most informative
question because either a3 � a8 or a3 ∼ a8 would generate two new necessary
relations which meant the ranking of a1, · · · , a9 was determined.

Interaction 3 : We asked the stakeholder about Comp6 : C(a3, a8) again
in a similar form as in Box 3 and 4 (SM).

Let us assume that the stakeholder stated that Comp6 : C(a3 � a8) ∈ C7.
Thus, the ranking was complete: a9 � a6 � a3 � a8 � a5 � a2 � a7 � a4 � a1.

Interaction 4 : We asked the stakeholder to adjust the preferred alternative
a3 in the first comparison so that an indifference relation was obtained (the
formulation of the question is given in Box 5).

8
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Box 5. Trade-off question: eliciting indifference statements

Trade-off question
You stated that Option A is better than Option B

Option A: a3 Option B: a7
rehab adapt rehab adapt

�
100% 0% 0% 100%

?% 0% = 0% 100%

Question 1: We would like to know: if the sub-objective “rehab” of a3
is worsened to 50% and becomes a′3 (which is in fact a2), which alter-
native do you prefer? a′3 or a7?
The stakeholder had to say that a′3 � a7 , otherwise she was inconsistent
with the answer in interaction 2 (see above). To reach an indifference
statement, we continued to worsen a′3.
Question 2: We would like to know: if the sub-objective “rehab” of a′3
is worsened to 25% and becomes a′′3 , which alternative do you prefer?
a′′3 or a7?
If the stakeholder preferred a′′3 , then we kept on worsening the sub-
objective “rehab” of a′′3 to 12.5%. Otherwise, we would improve the
sub-objective “rehab” of a′′3 to 37.5%.

The questioning was continued until the stakeholder felt that a new
alternative a? was more or less just as attractive/ unattractive as a7.
Hence, we stopped at this indifference point of 30% in the example. We
created a new hypothetical alternative a10 which realized 30% rehabil-
itation burden without any flexibility and set this equal in preference
with alternative a7, which realized no rehabilitation, but had 100% flex-
ibility, based on the above trade-off statements.

2.2.2. Elicited preferences of the example

By solving the linear program, a representative additive value function was
obtained (see Fig. SM-2) based on the preferences stated above. The marginal
value functions were constructed from the values of characteristic points in a
piecewise manner. The weights of the two sub-objectives “rehab” and “adapt”
were 0.91 and 0.09 respectively at this level of the objectives hierarchy.

9
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●

● ●

●

● ●

●

Figure SM-2: Marginal value functions for the two sub-objectives of the main objective
Intergenerational equity. The x-axis represents attribute levels, and the short names of the
attributes are presented in Table SM-1. The y-axis the achieved value between [0,1], where 0
means the respective sub-objective is not at all achieved (=worst possible level), and 1 that
the respective sub-objective is fully achieved (=best possible level). The dots represent the
numbers inferred by the linear program.

3. Results

3.1. Individual weights and rankings of objectives/ sub-objectives

Table SM-3: Weights of each stakeholder obtained in two interview series. For the
definitions of the objectives and lowest-level sub-objectives, please refer to Figure 1 (the
main text) and Table A.1 (Appendix). SH = stakeholder. For a specific objective/
sub-objective, the numbers in first (second, resp.) row correspond to its importance within
the whole objectives hierarchy with the SMART/SWING-variant (UTAGMS, resp.).

Objective/ SH1 SH2 SH3 SH4 SH5 SH6 SH7 SH8 SH9 SH10
Sub-objective

Equity 0.608 0.091 0.382 0.303 0.105 0.079 0.056 0.128 0.043 0.094
0.409 0.183 0.206 0.336 0.029 0.013 0.031 0.147 0.128 0.136

Protection 0.122 0.639 0.127 0.258 0.345 0.550 0.395 0.383 0.217 0.188
0.301 0.387 0.309 0.271 0.347 0.546 0.313 0.412 0.274 0.278

Safe WW 0.122 0.128 0.382 0.197 0.523 0.183 0.395 0.383 0.650 0.565
disposal 0.236 0.091 0.257 0.175 0.389 0.280 0.438 0.353 0.530 0.510

Social 0.068 0.071 0.055 0.106 0.012 0.079 0.056 0.064 0.046 0.072
acceptance 0.000 0.274 0.083 0.012 0.154 0.046 0.078 0.029 0.034 0.005

10
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Table SM-3: continued

Objective/ SH1 SH2 SH3 SH4 SH5 SH6 SH7 SH8 SH9 SH10
Sub-objective
Low costs 0.081 0.071 0.055 0.136 0.015 0.110 0.099 0.043 0.043 0.081

0.054 0.065 0.145 0.206 0.081 0.115 0.141 0.059 0.034 0.071

rehab 0.547 0.082 0.334 0.265 0.052 0.059 0.048 0.064 0.036 0.082
0.221 0.131 0.127 0.233 0.013 0.007 0.021 0.090 0.088 0.045

adapt 0.061 0.009 0.048 0.038 0.052 0.020 0.008 0.064 0.007 0.012
0.188 0.051 0.079 0.103 0.016 0.006 0.010 0.057 0.040 0.091

chem 0.007 0.261 0.012 0.047 0.222 0.231 0.092 0.160 0.026 0.079
0.094 0.076 0.037 0.066 0.153 0.155 0.091 0.146 0.030 0.068

hydr 0.050 0.029 0.002 0.047 0.032 0.026 0.092 0.020 0.026 0.010
0.058 0.031 0.021 0.064 0.066 0.135 0.051 0.062 0.023 0.030

exfiltrsew 0.050 0.242 0.049 0.125 0.053 0.128 0.092 0.159 0.077 0.044
0.093 0.124 0.126 0.052 0.069 0.060 0.075 0.079 0.126 0.098

exfiltrstruct 0.007 0.048 0.049 0.018 0.011 0.128 0.092 0.021 0.077 0.044
0.041 0.081 0.078 0.046 0.059 0.079 0.040 0.077 0.059 0.046

phosph 0.001 0.048 0.007 0.018 0.014 0.009 0.013 0.011 0.003 0.006
0.002 0.017 0.018 0.018 0.000 0.058 0.029 0.028 0.008 0.019

econs 0.007 0.010 0.007 0.004 0.014 0.027 0.013 0.011 0.009 0.006
0.013 0.059 0.028 0.024 0.000 0.059 0.026 0.020 0.028 0.016

illn 0.018 0.011 0.159 0.027 0.055 0.046 0.235 0.272 0.488 0.420
0.023 0.015 0.085 0.045 0.114 0.184 0.176 0.222 0.380 0.335

cso 0.091 0.096 0.032 0.137 0.382 0.046 0.028 0.034 0.054 0.049
0.014 0.056 0.042 0.029 0.228 0.052 0.101 0.075 0.107 0.094

failure 0.002 0.019 0.032 0.029 0.011 0.023 0.066 0.064 0.027 0.081
0.115 0.012 0.087 0.082 0.024 0.010 0.109 0.028 0.016 0.055

service 0.010 0.003 0.159 0.003 0.076 0.069 0.066 0.013 0.081 0.015
0.084 0.009 0.043 0.018 0.023 0.035 0.053 0.028 0.027 0.025

efqm 0.044 0.005 0.013 0.006 0.004 0.030 0.009 0.039 0.029 0.060
0.000 0.055 0.026 0.005 0.028 0.020 0.024 0.011 0.014 0.002

voice 0.006 0.049 0.003 0.001 0.000 0.006 0.001 0.004 0.006 0.001
0.000 0.135 0.015 0.000 0.038 0.008 0.017 0.006 0.007 0.000

time 0.006 0.005 0.013 0.021 0.003 0.006 0.044 0.017 0.004 0.007
0.000 0.022 0.013 0.001 0.045 0.002 0.028 0.005 0.005 0.001

area 0.006 0.005 0.013 0.031 0.000 0.006 0.001 0.002 0.004 0.001
0.000 0.028 0.010 0.002 0.025 0.003 0.008 0.000 0.004 0.001

collab 0.005 0.005 0.013 0.047 0.004 0.030 0.001 0.001 0.003 0.002
0.000 0.033 0.019 0.003 0.018 0.013 0.001 0.007 0.003 0.001

costcap 0.061 0.009 0.027 0.023 0.007 0.096 0.049 0.038 0.033 0.040
0.019 0.021 0.101 0.093 0.019 0.047 0.094 0.030 0.021 0.030

costchange 0.020 0.062 0.027 0.114 0.007 0.014 0.049 0.005 0.011 0.040
0.036 0.045 0.043 0.113 0.063 0.068 0.047 0.029 0.013 0.041
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Table SM-4: Ranking of weights of each stakeholder obtained in two interview series. For a
specific main objective/ lowest-level sub-objective, the numbers in first (second, resp.) row
correspond to the ranking of its importance obtained with the SMART/SWING-variant
(UTAGMS, resp.). The number corresponding to a main objective reflects its importance
compared with the other four main objectives; rank 1 = the most important main objective
among the five. The number corresponding to a lowest level sub-objective reflects its
importance compared with the other 18 lowest level sub-objectives; rank 1 = the most
important lowest-level sub-objective of the 19. Other explanations see Table SM-3.

Objective/ SH1 SH2 SH3 SH4 SH5 SH6 SH7 SH8 SH9 SH10
Sub-objective

Equity 1 3 1 1 3 4 5 3 4 3
1 3 3 1 5 5 5 3 3 3

Protection 2 1 3 2 2 1 1 1 2 2
2 1 1 2 2 1 2 1 2 2

Safe WW 3 2 2 3 1 2 2 2 1 1
disposal 3 4 2 4 1 2 1 2 1 1

Social 5 4 4 5 5 5 4 4 3 5
acceptance 5 2 5 5 3 4 4 5 4 5

Low costs 4 5 5 4 4 3 3 5 5 4
4 5 4 3 4 3 3 4 5 4

rehab 1 4 1 1 6 6 10 5 6 2
1 2 1 1 17 16 15 3 4 8

adapt 3 13 6 8 7 14 16 6 14 12
2 9 6 3 16 17 17 8 6 4

chem 12 1 15 6 2 1 2 2 10 4
4 5 11 6 2 2 5 2 7 5

hydr 5 9 19 7 8 12 3 11 11 13
7 12 14 7 5 3 8 7 10 10

exfiltrsew 6 2 4 3 5 2 4 3 3 7
5 3 2 8 4 6 6 4 2 2

exfiltrstruct 13 8 5 14 12 3 5 10 4 8
8 4 7 9 7 4 10 5 5 7

phosph 19 7 16 15 9 16 13 14 19 15
14 16 16 13 18 8 11 13 15 13

econs 11 12 17 17 10 11 14 15 13 16
13 6 12 12 19 7 13 14 8 14

illn 9 11 2 11 4 7 1 1 1 1
10 17 5 10 3 1 1 1 1 1

cso 2 3 7 2 1 8 12 9 5 6
12 7 10 11 1 9 3 6 3 3

failure 18 10 8 10 11 13 6 4 9 3
3 18 4 5 12 14 2 11 12 6

service 10 19 3 18 3 5 7 13 2 11
6 19 9 14 13 11 7 12 9 12

efqm 7 15 11 16 15 9 15 7 8 5
15 8 13 15 10 12 14 15 13 15

voice 14 6 18 19 18 17 17 17 15 18
17 1 17 19 9 15 16 17 16 19

time 16 16 12 13 17 18 11 12 16 14
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Table SM-4: continued

Objective/ SH1 SH2 SH3 SH4 SH5 SH6 SH7 SH8 SH9 SH10
Sub-objective

18 14 18 18 8 19 12 18 17 16

area 15 17 13 9 19 19 19 18 17 19
16 13 19 17 11 18 18 19 18 18

collab 17 18 14 5 16 10 18 19 18 17
19 11 15 16 15 13 19 16 19 17

costcap 4 14 9 12 13 4 8 8 7 9
11 15 3 4 14 10 4 9 11 11

costchange 8 5 10 4 14 15 9 16 12 10
9 10 8 2 6 5 9 10 14 9

13



Zheng, J.& Lienert, J.(2017) Stakeholder interviews with two elicitation philosophies

3
.2

.
T

h
e

n
u

m
be

r
o
f

qu
es

ti
o
n

s
d
u

ri
n

g
el

ic
it

a
ti

o
n

T
a
b

le
S

M
-5

:
T

h
e

n
u

m
b

er
o
f

q
u

es
ti

o
n

s
w

h
en

el
ic

it
in

g
p

re
fe

re
n

ce
s

fo
r

ea
ch

o
b

je
ct

iv
e/

su
b

-o
b

je
ct

iv
e.

S
H

=
st

a
k
eh

o
ld

er
.

F
o
r

th
e

d
efi

n
it

io
n

s
o
f

th
e

o
b

je
ct

iv
e/

su
b

-o
b

je
ct

iv
e,

se
e

F
ig

u
re

1
in

th
e

m
a
in

te
x
t.

a
n

d
T

a
b

le
A

.1
in

th
e

A
p

p
en

d
ix

.

S
H

1
S
H

2
S
H

3
S
H

4
S
H

5
S
H

6
S
H

7
S
H

8
S
H

9
S
H

1
0

a
lt

1
a
ll
2

av
e.

3
m

a
x
4

m
in

5

E
q
u
it

y
7

5
7

5
7

4
6

7
5

7
9

9
6

7
4

S
u
rf

a
ce

w
a
te

r
6

4
6

4
5

5
7

6
7

5
9

9
5
.5

7
4

G
ro

u
n
d

w
a
te

r
5

7
6

4
7

6
9

4
5

5
9

9
5
.8

9
4

E
ffi

ci
en

cy
4

5
5

6
5

1
6

7
4

7
9

9
5

7
1

P
ro

te
ct

io
n

3
5

4
5

5
5

5
5

4
5

8
6

4
.6

5
3

H
y
g
ie

n
e

4
5

7
8

7
4

7
5

4
4

9
9

5
.5

8
4

H
ig

h
re

li
a
b
il
it

y
6

6
7

4
4

4
7

4
6

5
9

9
5
.3

7
4

S
a
fe

W
W

d
is

p
o
sa

l
2

2
1

2
2

2
2

2
2

2
4

2
1
.9

2
1

S
o
ci

a
l

a
cc

ep
ta

n
ce

4
9

9
4

1
1

4
1
0

8
9

1
0

4
1

4
6

7
.8

1
1

4
L

ow
co

st
s

7
4

4
5

4
5

6
4

6
7

9
9

5
.2

7
4

S
u
st

a
in

a
b
le

W
W

I
1
3

1
3

5
8

1
2

7
1
4

1
1

8
7

1
6

7
5

9
.8

1
4

5

1
T

h
e

n
u

m
b

er
o
f

a
lt

er
n

a
ti

v
es

to
b

e
ra

n
k
ed

fo
r

ea
ch

o
b

je
ct

iv
e/

su
b

-o
b

je
ct

iv
e.

2
T

h
e

n
u

m
b

er
o
f

a
ll

q
u

es
ti

o
n

s
(a

ll
u

n
k
n

o
w

n
p

a
ir

w
is

e
co

m
p

a
ri

so
n

s
a
ft

er
w

ea
k

d
o
m

in
a
n

ce
re

la
ti

o
n

s
a
re

el
im

in
a
te

d
)

n
ee

d
ed

fo
r

ea
ch

o
b

je
ct

iv
e/

su
b

-o
b

je
ct

iv
e.

3
T

h
e

a
v
er

a
g
e

n
u

m
b

er
o
f

q
u

es
ti

o
n

s
fo

r
a
ll

st
a
k
eh

o
ld

er
s

th
a
t

w
e

a
ct

u
a
ll
y

a
sk

ed
fo

r
ea

ch
o
b

je
ct

iv
e/

su
b

-o
b

je
ct

iv
e.

4
T

h
e

m
a
x
im

u
m

n
u

m
b

er
o
f

q
u
es

ti
o
n

s
fo

r
a
ll

st
a
k
eh

o
ld

er
s

th
a
t

w
e

a
ct

u
a
ll
y

a
sk

ed
fo

r
ea

ch
o
b

je
ct

iv
e/

su
b

-o
b

je
ct

iv
e.

5
T

h
e

m
in

im
u

m
n
u

m
b

er
o
f

q
u

es
ti

o
n

s
fo

r
a
ll

st
a
k
eh

o
ld

er
s

th
a
t

w
e

a
ct

u
a
ll
y

a
sk

ed
fo

r
ea

ch
o
b

je
ct

iv
e/

su
b

-o
b

je
ct

iv
e.

14



Zheng, J.& Lienert, J.(2017) Stakeholder interviews with two elicitation philosophies

4. Analyzing the MCDA results for two stakeholders

There were 19 marginal value functions and 19 global weights of lowest level sub-
objectives in the MAVT models. Therefore, it was not straightforward to explain the
changes of the overall values, as all these parameters could play a role. Nevertheless,
we analyzed two cases of extreme changes (SH1 with the highest value change and SH9
with the greatest rank change) to address specifically two questions that interested us:

1. Why did the overall values of alternatives for stakeholder SH1 dra-
matically change?

We found that the changes in the overall values of the alternatives can be largely
explained by the changes of preferences concerning the main objective Intergenera-
tional equity. In the interview using the SMART/SWING-variant, the local weights
of the sub-objectives “rehab” and “adapt” were computed as 0.9 and 0.1 respectively,
from the statement that improving the realization of the rehabilitation demand was
“extremely more important” (category C9) than improving the flexibility of system
adaptation (Tab. SM-6).

The marginal value function for “rehab” was elicited in detail with the bi-section
method in the first interview, and a threshold of 70% was found. Any alternative
with “rehab” below this threshold does not achieve the sub-objective “rehab” at all
(Fig. SM-3a). For “adapt”, we used rough elicitation in the first interview and only
obtained the information that the marginal value function was concave; we used an
exponential function as approximation (Section 3.2 main text; Fig. SM-3b). In the
second interview using UTAGMS, the local weights and marginal value functions of
“rehab” and “adapt” were inferred together from five preference and one indifference
relation regarding ten hypothetical alternatives. The elicited parameters are shown in
Table SM-6 and Figure SM-3.

Table SM-6: Weights of two sub-objectives of the main objective Intergenerational equity
for stakeholder SH1 in the two interviews (the SMART/SWING-variant and UTAGMS). The
local weights of the two sub-objectives, namely realization of the rehabilitation demand
(“rehab”) and flexibility for future adaptation (“adapt”) add up to unity. We also show the
global weights of the two sub-objectives scaled by the weight of Intergenerational equity,
which is 0.61 for the first interview using the SMART/SWING-variant, and 0.41 for
UTAGMS (A significant change occurred at the level of the five main objectives, see Tab.
SM-3).

SMART/SWING
variant (local
weights)

SMART/SWING
variant (global
weights)

UTAGMS

(local
weights)

UTAGMS

(global
weights)

rehab 0.9 0.55 0.54 0.22
adapt 0.1 0.06 0.46 0.19
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Figure SM-3: Marginal value functions for the two sub-objectives (attributes) of the main
objective Intergenerational equity for stakeholder SH1. The attributes are realization of the
rehabilitation demand (“rehab”, Fig. SM-3a) and the flexibility for adaptation to future
changes (“adapt”, Fig. SM-3b). We show the results from the first interview with direct
elicitation using the bi-section method or rough elicitation (solid line) and inferred indirectly
in the second interview using UTAGMS (dashed line). The x-axis represents the attribute
levels, the y-axis the achieved value between [0,1], where 0 means that the sub-objective is
not at all achieved (=worst possible level), and 1 that it is fully achieved (=best possible
level). The dots represent the points elicited in the interview. The squares represent the
respective attribute levels of the six alternatives (A2–A9) and the values that each
alternative achieves (e.g. as extreme example in Fig. SM-3a: an alternative A2 achieves 60%
of the rehabilitation demand, but a value of 0 in the first interview).

With the changes in the weights and marginal value functions between the first
and second interviews shown above (Tab. SM-6, Fig. SM-3), the values of the main
objective Intergenerational equity significantly changed (Tab. SM-7). This can largely
explain the dramatic changes of the overall values of the six alternatives between the
first and second interview for stakeholder SH1.
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Table SM-7: Changes in the overall values of the six alternatives in two interviews for the
two sub-objectives (“rehab”, “adapt”) and the main objective Intergenerational equity, for
stakeholder SH1. We compare the results from two elicitation methods: the first interview
using the SMART/SWING-variant for weight elicitation and the bi-section method or rough
estimates to elicit the shape of the value function; and the second interview using UTAGMS.

rehab adapt Intergenerational equity

The first The second The first The second The first The second

A2 0 0.15 0.02 0.05 0.03 0.20
A5 0 0 0.05 0.14 0.05 0.15
A7 0.55 0.22 0.05 0.15 0.60 0.37

A8a 0.55 0.22 0.03 0.09 0.58 0.31
A8b 0.55 0.22 0.05 0.15 0.60 0.37

A9 0 0 0.03 0.08 0.03 0.08

We present the reactions and explanations of stakeholder SH1 after he saw the
comparisons of the weightings of the five main objectives elicited in the two interviews
in Table SM-8. It is interesting that he agreed with both weightings and thought
they were similar. This is unsurprising as it is difficult to quantitatively express one’s
preferences (Beinat, 1997).

2. Why was there nearly no correlation between the two rankings of alter-
natives for stakeholder SH9?

Figure SM-4: Ranks of the six alternatives (A2–A9) for stakeholder SH9 in the two
interviews. The x-axis represents the ranks of alternatives in the first interview using the
SMART/SWING-variant for weights and the bi-section method or rough elicitation for value
functions; the y-axis represents the second interview using UTAGMS. Alternatives having
identical ranks across interviews appear on the diagonal line (only applies to the first-ranked
alternative in both interviews, A8a).

Compared with the first interview using the SMART/SWIGN-variant, the global
weights for “rehab” was higher in the second interview using UTAGMS, increasing from
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0.04 to 0.09 (Tab. SM-3). This is reasonable as the main objective Intergenerational
equity was more important in the UTAGMS interview (see Fig. 2 in main text; Tab.
SM-3). However, the global weight for “illn” decreased from 0.49 in the first interview
to 0.38 in the second interview. This change mainly stemmed from the lower weighting
of the main objective Safe wastewater disposal in the second interview (Fig. 2 in
main text; Tab. SM-3). The changes in the weights of the two attributes in the
second interview thus more prominently emphasized the advantages of alternatives
with a good performance on “rehab”, while the disadvantages of alternatives with
bad performance on “illn” became less important. Alternatives A7, A8b and A8a
performed best on the attribute “rehab” because of their rehabilitation strategy with
a constant budget. However, alternatives A7 and A8b also suffered from the risk
of people getting ill because of maintenance required by such decentralized systems,
resulting in a bad performance on “illn”. Therefore, changes of weights for the two
attributes can partly explain why A7 ranked much better in the second interview,
where it received the second rank instead of the sixth along with a better ranking of
A8b, which improved from the fifth to the third rank (Fig. SM-4).

We present the reactions and explanations of stakeholder SH9 after he saw the
comparisons of the weightings elicited in the two interviews in Table SM-8.
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