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ABSTRACT

The purpose of this paper is the development of selection criteria between a roundabout
and a traffic light junction at an urban intersection. Raising the awareness of stakeholders
for the prevention of accidents as well as for the improvement of traffic while ensuring
environmental criteria is the new approach of implementing sustainable urban mobility
plans. “Vision Zero” is a strategy to eliminate all accidents that cause serious injuries and
fatalities, while increasing safe and fair mobility for all. “Vision Zero” has proven to be a
successful model across Europe and is now being implemented in major North American and
Canadian cities. In this frame, the redesign and reconstruction of traffic junctions are
integrated with the simultaneous removal of traffic lights at intersections by replacing them
with roundabouts. With the literature review of the international literature on roundabouts,
the criteria by which we can replace a traffic light junction with a roundabout (single lane)
were collected. After thoroughly analyzing the criteria that were collected, their importance
was crystallized in the decision-making process for the selection or not for the decision to
design a roundabout. The eligibility of the criteria was done by the method of the Analytic
Hierarchy Process (AHP). With the SuperDecisions software (version 3), this methodology
was effectively applied in a rural area in Waterloo, Ontario, Canada, at the junction of Queen
Street and Bleams Road. Conclusions and suggestions were drawn regarding the prospect of
applying the methodology developed in the frame of this paper by Local Government
Authorities (LGA).
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1. INTRODUCTION and public acceptance criteria, in the
frame of “Vision Zero” strategy [1. The
target is to eliminate road accidents that
cause serious injuries and deaths,
increasing safe, healthy, and fair transport
and mobility for all.

The present paper is written in the context
of modern and sustainable mobility,
guided by the global awareness for the
prevention and elimination of traffic
accidents at road junctions, the
improvement of traffic, taking into
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There are many multi-criteria methods
applied to urban transport projects 2. The
most common method of multicriteria
analysis that is applied in transportation
projects is the Analytic Hierarchy Process
(AHP) Bl. The AHP method will be used for
the decision to replace a traffic lights
junction with a roundabout or not 4,

A roundabout, as an optimal alternative,
helps to reduce road accidents, due to
reduced speed at the junction, increasing,
thus, the safety of passengers and
pedestrians that cross the junction, to
reduce greenhouse gas emissions and
noise levels, to improve fuel efficiency, to
allow vehicle U-turns, safe entry, and exit
to adjacent properties, to traffic
improvement, and aesthetic upgrade of
the junction.

The selection of the design and installation
of a roundabout is made by evaluating and
comparing multiple criteria. The
installation of roundabouts is problematic
when the volume of pedestrians and
bicyclists is particularly high, when space is
limited, and when traffic volume is large
(5]

2. METHODOLOGY

AHP was developed and refined by
Thomas Saaty ©I7II3] to examine both
tangible and intangible factors for optimal
decision  making, through pairwise
comparisons for the optimum choice of
criteria ' to make complex decisions,
which include a large number of criteria.
AHP is widely used in a variety of decision-
making processes. It is perhaps the best
documented and recognized multicriteria
method, which performs better than other
multi-criteria methods since it can be
easily adapted to different numbers of
characteristics (criteria) and provide
alternatives, which can be described both
quantitatively and qualitatively (191,

Human judgment, and not just the
underlying information, can be used to
perform the assessment [/l The AHP’s
ability to hierarchically structure a multi-
faceted, complex multicriteria problem,
and then investigate each hierarchy
separately, combining the results as the
analysis progresses, is its strong point.

Comparisons are made in pairs of factors,
using a scale that shows the strength by
which a factor dominates over a higher-
level factor 8. This staggered process can
then be expressed with priority weights or
scores for the ranking of alternatives.

A model for the decision is developed in
sections, prioritizing the objectives,
criteria, and alternatives 8. Four basic
planned and coordinated processes
produce a specific result as follows BI:

- A hierarchical analysis of the problem is
made to decide on structured decision
elements.

- The preferences of the decision-maker
regarding the elements of the decision
are collected.

- The data are processed, and the
individual priorities for the elements of
the decision are taken into account.

— The individual priorities are collected,
synthesized, and grouped into general
priorities of alternatives.

The weight of each criterion is developed.
The importance of the criteria in pairs in a
table is compared, concerning the desired
goal, according to the weight of each
criterion.

A alf] . . r
For table is considered a table 47,

i.e., the multiplication table of 4

(reciprocal matrix) when for each element

1
A;. = —

o . ijr
of %j it is valid that Qij. The
consequence of a positively defined A"
array is equivalent to the requirement that
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the maximum eigenvalue Amax must be
equal to . Small deviances in the values

of the table 4 of %ij imply small deviances
in the capital eigenvalue Amax. The
relationship (4max — 1) is the measure of
consistency. If it is normalized according
to the size of the table, the term
Consistency Index (CI) appears, which

indicates the deviation of the consistency

_ (Amax - n)

[11]

CI
n—1 .

To determine the Cl, a Random Index (RI)
has been calculated using a large sample
of randomly generated positive 4" arrays
(reciprocal matrices) of ascending order
(111 Each table calculates the Consistency
Ratio (CR), which compares the
inconsistency of all judgments. The ratio

of the Cl to the corresponding class Rl is
I

CR =7 71, The inconsistency

measurement identifies possible errors in

decisions. CR should be less than 0.1 to be

considered reasonably consistent 1%,

while if it is higher, it is necessary to

review the judgments.

Regardless of the number of factors, the
AHP method requires only the comparison
of a pair of criteria, at any given time,
allowing the inclusion of tangible and
measurable variables as well as intangibles
as criteria in the decision 131,

With the approximate method, the total
priorities or weights of the criteria are
calculated 131,

The alternative that has the highest
overall priority is the best option.
Sensitivity analysis may be performed on
how the weights of the criteria change and
how this affects the result.

The final decision is based on the results
of the composition and the sensitivity
analysis.

3. APPLICATION

For this study, a critical decision was
considered using AHP, for the urban
provincial junction, in Ontario, Canada,
Regional Municipality of Waterloo,
Township of Wilmot, at the intersection of
Bleams Road (Regional Road 4) & Queen
Street (2358-2320 Regional Road 12
(Google  coordinates:  43.392536, -
80.582405) [*41,

The following model was built in the
SuperDecisions software, version 3 [12I;

- Goal:

1. Selection between a roundabout
and traffic lights [junction].

- Criteria:

1. Operational.

2. Cost.

3. Environmental.

4. Opinion of residents.
- Alternatives:

1. Roundabout.

2. Traffic lights [junction].

Selection between
Goal: a roundabout
and traffic lights

. Operational Cost Environmental Opinion
Criteria: P of residents

\ /

. Traffic
- Roundabout
Alternatives: Lights

Figure 1. AHP model.

At the top of the hierarchy is the goal:
decision making with two (2) alternatives.
The intended goal is broken down into
sub-targets  (decision criteria). The
decision criteria are specified for the
comparison of alternatives.
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Finally, the two (2) alternative solutions
are placed in which the comparisons
between them are led based on the
criteria of the 2" stage (Fig. 1) *>..

The answers to the questionnaires, where
the preferences are expressed, were
entered through pairwise comparisons.

The elements of each stage of the
hierarchical structure are compared in
pairs in terms of the degree of preference
concerning the element of the
immediately higher stage. Essentially, as
many tables as the number of nodes are
created. All the elements of one stage are
compared with each other, in a pairwise
manner. The process ends when the
alternatives of the last stage of the
hierarchy are compared.

Table 1. The Saaty numerical scale for pairwise
comparisons '°.

Price Definition Explanation
1 Equal The comparable data
importance are of equal
importance
3 Moderate One element s
importance slightly more
important than the
other
5 Strong One element is more
importance important than the
other
7 Very strong One elementis much
importance more important than
the other
9 Absolute One element is
importance absolutely more
important than the
other
2,4,6,8 No These values can be

relationship used to express
atall intermediate states
of preference

To express the preferences when
conducting the pairwise comparisons, a
numerical scale is used, through a system
of discrete values, from 1 to 9, which
expresses the equivalence of preferences,
weak preference, and strong preference,
absolute preference. The wuse of
intermediate values 2, 4, 6, and 8 express
intermediate states and intermediate
situations (Table 1) ¢,

Both the alternatives, i.e., a roundabout
and a traffic lights junction, passed the
conventional criteria (Table 2), and, thus,
the AHP method was applied, with the
following AHP criteria:

1. Operational: road category, geometric
features, traffic volumes, speeds, etc.

2. Cost: construction and maintenance
costs.

3. Environmental: noise levels, gas
emissions, land uses, etc.

4. Opinion of residents: public opinion.

Initially, in SuperDecisions, three (3)
“clusters” were created with the three (3)
levels of hierarchy:

1. Goal: selecting a roundabout or a traffic
lights junction.

2. Criteria: operational, cost,
environmental, and opinion of the
residents.

3. Alternatives: choice between two (2)
alternatives, i.e., roundabout or traffic
lights junction.

All the criterion nodes were selected, and
each was connected separately with the
two (2) alternatives: roundabout or traffic
lights junction (Fig. 2). Not all criteria have
the same weight. Pairs were created to
compare the criterion nodes. Ten (10)
completed questionnaires were collected,
data were compared for comparison, and
the pairwise comparison matrix with
judgments was compiled (Table 3).
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Table 2. Criteria for
lights junction.

roundabout and traffic

CATEGORIES

CRITERIA FOR
APPLICATION OR
NOT IN A CIRCULAR

NON-TRAFFIC
JOINT NETWORK

ROUNDABOUT

TRAFFIC LIGHTS
JUNCTION

Road category:
urban

Yes

Yes

Number of
branches
(roads) of

intersection 3-5

Yes

Yes

Yes

Adequate road
width

Yes

Yes

Yes

Road length
sufficient for
braking before
entering the
junction

Yes

Yes

Yes

In 10 years:
Traffic flow
12 (vehicles/hour) Apply Yes Yes
< 1,800
vehicles/hour
- .
13 2 Installation GL{aranFeed Yes Yes
] cost: Use Financing
14 Noise levels Reduction Yes Yes
s
15 $ | Emissions levels Reduction Yes Yes
E
g
=
c
w
16 Land use Without Yes Yes
change
S Opinion of
17 % locals (residents Positive Yes Yes
O | —professionals)

Maximum road
slope 1%-2%

Yes

Yes

Yes

Ensuring a

radius of a

35m-40m
roundabout

Yes

Yes

Yes

Operational

Minimum lane
width at the
roundabout

12m

Yes

Yes

Yes

Average entry
speed at the
junction <
40km/h

Apply

Yes

Yes

Annual Average
Daily Traffic
(AADT) <
20,000
vehicles/day

Apply

Yes

Yes

10

In 10 years:
Annual Average
Daily Traffic
(AADT) <
20,000
vehicles/day

Apply

Yes

Yes

11

Traffic flow
(vehicles /
hour) < 1,800
vehicles/hour

Apply

Yes

Yes

1GOAL
160AL  EE|

2CRITERIA

10PERATION
2005T

\ JALTERNATIVES
I:wPWON 1RouUNDABCE E
B  AddNode. \ 2TRAFFIC LICED @
A
[S] Add Node...
2 Add Node...

Figure 2. AHP criteria and alternatives to
SuperDecisions.

When the significance of a criterion is
compared to itself, the numerical value of
the table is 1, which corresponds to the
weight of the criterion of equal
importance on the Saaty scale 3, The
comparison table (Table 3) shows the
relevant priorities by pairs with judgment
severity calibration. The overall priorities
or the weights of the criteria are then
calculated 131,
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Table 3. Comparison table by pairs with crises.

~
-
2
s o 2
S ~ S 1S
= v = S
< (<] S <
>4 o 3 Q
[ S o
S =
S b
OPERATIONAL 1 6 4 3
COST 1/6 1 1/2 1/4
ENVIRONMENT 1/4 2 1 1
OPINION 1/3 4 1 1

Intensity judgments correspond to each of
the six (6) pairwise comparisons of the
answered  questionnaires, one (1)
guestionnaire at a time in the software as
judgments. In all the questionnaires, the
CR value was less than 0.10. In Fig. 3, they
are presented grouped in a single
guestionnaire, which is the average of the
answers to the questionnaires’ questions.

Comparisons wrt "1GOAL" node in "2CRITERIA" cluster
10PERATIONAL is strongly to very strongly more important than 2C0ST

1. 10F'ERAT\0NAL| =35

@
@
=
-
o
~
.
-
=
o=
o

»=3.5 |No comp. | 2CO5T

2. 10OPERATIONAL >=35|9|8|7|6 5’: 3|2 2[3|4[5|6|7|8|9) =35 [Nocomp.| SENVIRONMENT~

595

No comp. | 40PINION

| | | | | 5 NnbcmplZENVIRONMENT‘
|G|T|E|B|>=‘35

4|EGTEB>=‘JE

29

No comp. | 40PINION

No comp. | 4OPINION

Figure 3. Grouped questionnaire responses in
SuperDecisions.

SuperDecisions produces statistical results
in charts. Roundabout was found to be the
1%t i.e.,, the best alternative, with a
percentage of 75.14%. The alternative of
traffic lights junction was found to be the
2" alternative with a percentage of
24.86% (Fig. 4, Table 4).

55.697% of the respondents consider the
“operational” criterion to be the most
important. Next are the other criteria, the
“opinion” with a percentage of 20.854%,
the “environmental” with a percentage of
16.107%, and finally, the criterion “cost”
with a percentage of 7.343% (Fig. 5).

Altermative(s) IROUNDABOUT

init: s  2TRAFFIC LIGHTS
Network
Type: Bottom level
Formula: Mot applicable

Clusters’Nodes « 1GOAL:
= 1GOAL:
« 2CRITERIA:
= 1OPERATIONAL:
o 2C0ST:
= 3ENVIRONMENTAL:
o 4OPINION:
= 3JALTERNATIVES:
o 1ROUNDABOUT:
= ITRAFFICLIGHTS:

Graphic Alternatives Total Normal Ideal Rank_‘mgl
IROUNDABOUT |0.3757 0.7514 |1.0000 1
[ ] 2TRAFFIC LIGHTS |0.1243 | 0.2486 |0.3309 2

Figure 4. Results of AHP in SuperDecisions.

Table 4. Results of the AHP target.

Alternatives
Total
Normal
Ideal
Ranking

1 ROUNDABOUT 0.38 0.75 1.0 1

2 TRAFFICLIGHTS 0.12 0.25 0.33 2

- 3. Results

Inconsistency: 0.02660

Figure 5. Hybrid table of percentage results.

CR=0.02660 <0.10; therefore the results
are acceptable (Table 4).

4. SENSITIVITY ANALYSIS

Overall, priorities are influenced by the
weights of the criteria. What if the weights
in each criterion were different? This
process is called sensitivity analysis 131,

By normalizing each column of Table 5,
the “Priorities” column is obtained, which
shows the relative importance of each
alternative (Fig. 6).
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Table 5. Comparison table by pairs with
judgments and cumulative results.

I~
-l
P

S o =

) ~ S )

= © 2 s

o Q x a

w S Qo

3 =

S} &
OPERATIONAL 1 6 4 3
COST 0.17 1 0.50 0.25
ENVIRONMENT 0.25 2 1 1
OPINION 0.33 4 1 1
SUM 1.75 13.00 6.50 5.25

Here are the priorities.

Moloon|  1GOAL | 000000 |0.000000
Ma lcon | 1OPERATIOHAL | 055557 [o:278483
Molcon|  2008T [ CTTETE] [po3sTia
Mo lcon | SENVIROMMENTAL | CABI0T [o.oB0s3z
Mo loon | SOPIMEON | 020854 [o.vnaz7o
4o tcon|| AROUNDABOUT [ CECTED [p37seas
o Icen | ZTRAFFIC LIGHTS | 024353 [oaza3as

Figure 6. Normalized comparison table by
pairs with judgment weights’ calibration.

5. DISCUSSION

The operational criteria were ranked with
the simplified AHP as the most important.
Social consensus is needed in local
projects. Public opinion is becoming more
aware of environmental issues. The choice
of the roundabout as a solution at
intersections is perfectly in line with the
“Vision Zero” strategy.

The cost criterion is the least important
probably because it does not directly
affect the individual budget of the people,
but indirectly. Safe and quality projects
are required. AHP helps to extract,
scientifically, and accurately, the best
choice, based on the safety of the public
and the protection of the environment.

The general methodology that was
followed was formulated in a flow chart
that can be used by the Local Government
Authorities (LGA) to make relevant
decisions for the conversion of
intersections into either roundabouts or
traffic light junctions (Fig. 7), in the same
was it was applied in the frame of this

paper (Fig. 8).

negative
L POSTIVE g
| Number of Roads 3-5 | l

TERMINATION |[Adeguate rna% WIFEtFI

ﬂLI'-'I'-'I.‘f' l
Sufficient Rnad length raffic Lights

APPL
T| Mmurrummad;hpcl%ﬂ '—T 111
APPL
I...JEE.:E'....E-
no

Lane Width =12 M
AADT < 20000 Ve

i

| Flow <1300 VEthuurl

"&" PUBLIC OPINION ]'n‘pp“

FOSITVE
Raise ppise, Emissions Levels

Changi +_ POSITIVE
. LAND LISE
. + Without Changes
bl
PO Cost Financed
. Guaranteed

| AHF
*SELEC'I'IDM

Roundabout
Traffic Lights

Figure 7. The proposed methodology for LGA.

Figure 8. The intersection of the application
area in the Township of Wilmot, Regional
Municipality of Waterloo, Ontario, Canada.
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