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Prioritization Methods

Early Period
@ Multi-Criteria Analysis (MCA)

Cost Effectiveness
_ For years, the most common form of
Analysis (CEA) evaluation in transport related

decisions was Cost Effectiveness
Analysis (CEA)
cost — cost

new strateqy current practice

CE ratio =
(Department for Communities and

effect new strategy effect current practice Local Government, 2009).

18
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Early Period
Prioritization Methods @ Multi-Criteria Analysis (MCA)
Also widely used (still), mainly in

Cost Benefit Analysis (CBA)
transport and health and safety

decision-making, is Cost Benefit Benefit-Cost _ PV of Benefit Expected from the Project

AnalySiS (CBA), WhiCh iS based on Ratio PV Of the COSt Of the PI’OjeCt
the calculation of the total cost

of the examined project, policy
or measure on one hand and
benefits on the other.

(Department for Communities
and Local Government, 2009).

M-MAPZ [ EC.0T : Platform # 2 19
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Drawbacks of MCA

- The difficulty to objectively and adequately value all the costs and impacts of the
examined alternatives in monetary terms. Some impacts which, due to their nature

(such as deaths or injuries saved by a safety improvement), cannot objectively be
quantified in monetary terms.

- Relevant data may not be available, or it may be too expensive to collect.

- Disagreements among the different involved actors about the scope of the project, the

procedure to be followed, the objectives or the relative importance of the criteria.
(Basbas and Makridakis, 2007)

Yannis et al. (2020)

f
A A M-MAP2 | EC.01 : Platform # 2
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Prioritization Methods

Trending
Multi-Criteria Decision-Making (MCDM) or Multiple-Criteria Decision Analysis (MCDA)

A sub-discipline of Operations Research that explicitly considers Multiple Criteria, both Quantitative and Qualitative, in
decision-making between several solutions (Yannis et al.,, 2020). The aim of any MCDM technique used in transport sector is to
provide help and guidance to the decision-maker to discover his/her most desired solution to the problem, which best
achieves his/her goals (Stewart, 1992).

Benefits of MCDM / MCDA

+ Better-considered, justifiable, explainable and transparent decisions, since it allows the often conflicting and contradictory
views to be addressed simultaneously and transparently.

+ Organize, manage and in many ways simplify the immense amount of technical information and data, which is often
available in transport sector problems.

+ The process can be fully controlled: Scores and Weights are given based on established techniques, the values may also
be cross-referenced to other sources of information and the possibility for modifications at a further stage is given, if it is
felt that the decision model, the options considered, or the data provided are not adequate (Flexible / Modifiable).

(Basbas and Makridakis, 2007; Ha et al., 2019; Tripathyet al., 2019; Wang et al., 2019)

M-MAPZ [ EC.0T : Platform # 2 21



[11]]

14r
[ ] [ ] [ ] [ ] %12—
Prioritization Methods
1]
5 sl
2
= 6f
° o
MCDA in Transport Sectors g5 4
E 2|
Z 4 — —
ﬂo& @0“’ ;POQ’ / (\9@ ;;S;\’% /@m"‘ ,"Ld\'b ﬂ@,‘b %0-3
o°°’/ 06\ 00@ NS o"'o’ d\(" (;C‘
Available online at www.sciencedirect.com v V v v Vv Vv Vv
Year

ScienceDirect
Fig. 1 — Reviewed papers per year of publication.
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decision-making in the transport sector

S P
A
6% A 1 |

George Yannis “°, Angeliki Kopsacheili , Anastasios Dragomanovits il IV 60%
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Prioritization Methods

Stakeholder participation

Stage 1: establishment of decision context

—| Stage 2: definition of objectives and criteria Stage 3: identification of options L
Stage 4: scoring of options against criteria-development of the performance matrix (If necessary)
Stage 6: selection and application of an Stage 5: determination of .
i aggregation method criteria weights
(If necessary)

Stage 7: interpretation of the results and application of sensitivity or robustness analysis

Fig. 3 — Typical procedure of MCDM in the transport sector.

Yannis et al. (2020)

M-MAPZ [ EC.0T : Platform # 2 23
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Prioritization Methods
Classification of MCDM Methods in Transport Sectors based on

Set of Options
® Discrete / Finite

® Continuous / Infinite

Yannis et al. (2020)

N g M-MAPZ [ EC.0T : Platform # 2 24
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Prioritization Methods

Classification of MCDM Methods in Transport Sectors based on

Form of Solutions

® Ranking (The most common form in transport sector problems) (such as SAW,
MAUT/MAVT, etc.) provide a total performance score for each option, comparable
between options, and therefore a degree of “how much better is one option from

another”.

® Pairwise comparisons between options (such as AHP or outranking methods -
ELECTRE, PROMETHEE, etc.) and a ranking of all options can be obtained indirectly by

successive comparisons between every pair of options.
Yannis et al. (2020)

M-MAPZ [ EC.0T : Platform # 2 25
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Prioritization Methods

MCDM technique

Transport sector application

Pros

Cons

Applicability

AHP and similar
methods

SAW

Easy/simple to use

Scalable

Hierarchy structure can easily
adjust to fit many sized problems
Not data intensive

General approach for any kind of
problem

Precise definitions/detailed
structure

Allows for complex interactions
and feedback among decision
levels

Ability to compensate among
criteria

Intuitive to decision-makers

Calculation is simole
r

¢ Cannot handle interdependence
between criteria and alternatives
Can lead to inconsistencies be-
tween judgment and criteria
rank reversal

Many questions to be answered
Network not always clear

Time consuming in large
problems

e Might need specific software to
work well

Estimates revealed do not always
reflect the real situation
Results obtained may not be

logical
-

Suitable for transport problems
that can be solved by pairwise
comparisons (i.e., when
optimization is not pursued,
resources are not restricted, and
interdependencies do not exist)
Suitable for more complicated
transport problems (with
interdependencies among criteria
and/or alternatives)

Suitable when criteria are mutually
preference independent

MAUT/MAVT

[ ]

Takes uncertainty into account
Can incorporate preferences

Data consuming
Preferences need to be precise
(stronger assumptions required)

o Suitable for transport problems
with a significant level of
uncertainty

¢ Can handle problems with mixed
type of data (quantitative and
qualitative data)

Outranking methods
(ELECTRE,
PROMETHEE, REGIME,
etc.)

Ability to deal with uncertainty,
imprecision and ill-determined
data

Allow the introduction of new
criteria or alternatives at any
time during the analysis or the
adjustment of the values of their
thresholds

Process and outcomes not al-
ways easy/clear to decision-
maker

Do not provide a clear method by
which to assign weights—not
suitable for inexperienced
decision-makers

M-MAPZ [ EC.0T : Platform # 2

e Suitable for transport decision-
making problems under con-
flicting criteria

¢ Best when encountering few
criteria and a large number of
alternatives, because it offers a
clearer view of the alternatives
by eliminating the less favorable
ones

Yannis et al. (2020) -
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Prioritization Methods

Category Author Year Context/application  Transport Subject of evaluation MCDM method Form of data Criteria
of mrethod seciar Design of Project Policy Policy Transport Quantitative Qualitative Logistics/ Economic Environ- Time Social Safety Land Other
a project measure option technical mental use
polcies
MAUT/MAVT Zietsman et al 2006 Decision on widening Road % MAUT * % % x X
and SAW of freeways in

Tshwane, South
Africa and Houston,

Texas
2003 Road pricing Road ® RPDAT software x * * % % x x
strategies for the (based on SAW)

Kuala Lumbur
metropolitan area
Guhnemann etal. 2011 Projects for the Road X SAW in conjunction x % X s x ® » %
national secondary with CBA for scoring
road network in
Ireland
sand 2000 Agios Konstantinos- Road x SAW and CBA (named x 3 x x
Kamena Vourla “EFECT")
section of PATHE
motorway in Greece
Zia et al 2012 Metropolitan Road x Participatory SAW % % X x x
transportation
planning scenarios in
Chittenden County,
Vermont
2018 Impactof ride-sharing Road % MAUT * % % ® x
on growth of US
vehicle fleet size
Kanugantia et al. 2017 Quantification of road Road % SAW, AHP and fuzzy x % X
safety in India AHP

M-MAPZ [ EC.0T : Platform # 2 Yannis et al (2020) 28
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Centroid Weights in Additive Multi-criteria Decision Analysis
Surrogate — meaning substitute — weights are often used in Multi-Criteria (or Multi-Attribute) Decision
Analysis when only incomplete, purely ordinal information about the relative importance of the weights is

available, often expressed as a ranking. Using surrogate weights thus means substituting default values to the

weights.
Table 1. Properties of four ordinal surrogate weights: formulas and links with simplex Table 2. Simulation of Kendall's tau for three different simplexes and four surrogate-
centroid when assuming uniform weight-vector distributions. weights methodologies. The best performances are indicated in bold.
Surrogate Simplex (rescaled for normalising  Surrogate = Centroid Ordinal Not-normalised Normalised Not-normalised Not-
technique EW&RS) formula vector? Surrogate ranked ranked ranked
Rank-Sum (RS) 2/nzw,z--zwyz0 W; =2n+1-1) Yes
Jn(n +1) MAX MEAN MIN MAX MEAN MIN MAX MEAN MIN
Rank Order 1>w > 2w, 20; 30w =1 W; =1/n Yes RS 0.93 0.89 086 084 o080 077 0.66 058 0.54
: Yiil/i

Centroid (ROC) ! ROC 0.86 0.80 0.76 | 0.89 0.87 0.85 | 0.58 0.49 0.43
Equal Weights 2/nzw;zo Wi=1/n Yes

EW 0.73 0.68 0.65 0.67 0.57 0.52 0.74 0.69 0.66
(EW)

RR 0.8 0. 0.62 0.85 0.82 0.78 0.6 0.48 0.3¢
Reciprocal of the ~ Same as ROC Wi=1/i/37,1 No 7 74 v 7 N N 39
weights (RR) /i

M-MAP2 | ECOT = Platform & 2 Kunsch and Ishizaka (2019)
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Mass Rapid Transit Authority of Thailand

Real-world Practices
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A multi-actor multi-criteria transit system
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Mass Rapid Transit Authority of Thailand

3752 Ackchai Sivikijpanichkul et al. / Transportation Research Procedia 25 (2017) 3736-3755

Table 7. Rank-order centroid (ROC) weights of decision factors under each decision criteria.

Decision criteria Stakeholder Decision factor Priority ~ ROC Factor weight
1 Engineering Designers and developers 1.1 Difficulty in construction 2 0.278
1.2 Difficulty in utility relocation 3 0.111
1.3 Flexibility in network expansion 1 0.611
2 Economic & financial Financial institutes 2.1 Capital cost 1 0.750
2.2 Operating & maintenance cost 2 0.250
3 Environmental Communities 3.1 Air pollution 4 0.109
3.2 Noise pollution 5 0.073
3.3 Aesthetic impact 6 0.044
3.4 Traffic impact 1 0.370
3.5 Land acquisition 2 0.228
3.6 Traffic safety 3 0.156
3.7 TImpact on other transit operators 7 0.020
4 Service Operators and users 4.1 Effective capacity 1 0.293
4.2 Distance between station 7 0.048
4.3 Headway 8 0.034
4.4 Convenience of access and transfer 6 0.065
45 Equity 5 0.085
4.6 Reliability 4 0.110
4.7 Availability of spare parts 10 0.010
4.8 Flexibility in operation plans 9 0.021
4.9 Riding comfort & safety 0.193
4.10 Evacuation readiness 3 0.143

Stakeholder

Drecision
Criteria

Decision
Factor

' Alternatives

Ackchai Sivikify fkul er al. / Transy: oy Research Procedia 25 (NUT) 3736-3755 3745
Designers and hmfnclal Communities __| Operators and
developers Instintes users
- ey = e N .
Weight| ;355?@;‘_%“_ Weight
. Economic and .,
i . tal S
Engincenng financial Envirenmental Serviee
= = = =
5 0 0 ]
5 5 5 B
= = = =
Difficulty i Effectivi
— | ihcully in - 3 Linit capital cost —#{ A pollution — i eetive
construction capacity
Difficulty in Unit operating Distance
L Y — and maintenmce 3 Naise pollution —
utility relocation between station
cosl
Flexibility in
| network j— | Acsthetie mpact — Headway
expansion
Convenience of
—#| Traffic impact —»|  access and
transfer
—#{ Land acquisition —» Equity
—»{ Traffic safety —#  Reliability
Impacts on other | Availability of
transit operators spare parts
g g g g g
g ] ] g g operation plans
= = = = =
|| Riding comfort
and safety
Eva:l.nlion
readiness
Surface BRT Elevated BRT Tram Monorail LRT

M-MAPZ [ EC.0T : Platform # 2

Fig. 3. Decision analysis process.
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M550 visusesnaruuissnAlng
Mass Rapid Transit Authority of Thailand

Ackehai Sivikijpanichkul e al. / Transportation Research Procedia 25 (2017) 3736-3755 3753
Table 8. Weighted score of transit system alternative by decision eriteria. 3754 Ackehai Sivikijpanichiul e al. / Transportation Research Procedia 25 (2017) 3736-3755
Decision ¢riteria Decision factor ROC Normalized score of decision factor by transit system alternative
factor Table 10. Weight normalized score and ROC criteria weight of decision criteria by stakeholder and transit system altemative
weight Surface Elevated Tram Monorail Elevated
BRT BRT LRT
I Engincering 1.1 Difficulty in construction 0278 067 0 1 0.33 0 Decision criteria Weighted normalized score ROC eriteria weight
1.2 Difficulty in utility relocation ol 1 0 1 o o Surface  Elevated Tram Monorail LRT Designers and  Financial Communities  Operators
1.3 Flexibility in network expansion 0,611 1 0 1 033 0 BRT BRT developers institutes and users
Weighted scare of engincering eriteria 0908 0 ! 0.296 N 1 Engineering 0908 0000 1.000 029 0.000 0521 0.271 0.146 0.063
2 Economic & 21 Capital cost 0.750 1 0.76 0.59 ] 012 - -
financial 22 Operating & mainte cost 0250 095 065 . 0 033 2 Economic & financial 0988 0.735 0.691 0.000 0170 0.063 0.521 0.063 0271
Weighted score of economic & financial criteria 0,988 0.735 0.691 0 0.170 3 Environmental 0033 0.727 0.347 0.967 0.769 0.146 0.063 0.521 0146
3 Environmentsl 3.1 Air pollution ol 0 0.25 073 ! ! 4 Service 0.406 0.703 0.399 0678 0748 0271 0.146 0.271 0521
3.2 Noise pollution 0.073 0 0.25 0.5 1 0.75
3.3 Aesthetic impact 0.044 0.75 0 1 0.25 1] . . . .
o Table 11. Final weighted score by stakeholder and transit system alternative
3.4 Traffic impact 0370 0 0.7% 05 I 075
35 Land acquisition 0.228 0 I [} I 0.67
36 Traffic safety 015 o " 0 . . Transit system Stakeholder
. It ti - . I -
3.7 Impact on other transit operators 00200 0 1 0 1 1 alternative Designers and developers Financial institutes Communities Operators and users
Weighted score of environmental eriteria 0.033 0.727 0347 0967 0.769 Final Rank order Final Rank order Final Rank order Final Rank order
4 Service 4.1 Effective capacity 0.203 025 078 0 092 1 weighted weighted weighted weighted
4.2 Instance between station 0,048 04 0 1 0 015 score score score score
4.3 Headwa 0.034 0 I 1 I 1
" Suface BRT  0.6501 2 0.8219 1 0.3220 5 0.5410 3
4.4 Convenence of access and 0065 1] I [i] I 1
transler Elevated BRT 03430 4 05315 3 0.6157 2 06717 1
4.5 Equity 0.085 1 033 1 0 0
46 Reliability ol 05 \ 0 | | Tram 0.7235 1 0.7113 2 0.4787 4 0.5091 5
4.7 Availability of spare parts 0.010 1 1 05 1] 0 Monorail 0.4791 3 02401 5 0.7307 | 0.5130 4
4.8 Flexbility in operation plans 0.021 1 1 1 0.33 0 Elevated LRT 03258 5 02463 4 0.6142 3 0.5482 2
49 Riding comfort & safety 0193 0 033 033 1 1 i - . i
4.10 Evacuation readiness 0.143 | | 1 0 033
Weighted score of service criteria 0.406 0.703 0,399 0.678 0.748

M-MAPZ [ EC.0T : Platform # 2
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MCDA Techniques + Weight +

Scoring
Priority Process © AHP
* MAUT
®  Qutranking
® Priority Factor *  etc

UlBUIIATUNITINNLY _ ' o -

. . Weighted Score of Measures (Capacity + Coverage + Connectivity + Intermodal and Accessibility)

(Planning Policy)
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(Financial, Economic and Social Return) K& FIRR
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