/m infrastructures

Article

Assessing the Operation of a Multimodal Hub: A Traffic Impact

Microsimulation Analysis

Georgia Charalampidou *, Aristomenis Kopsacheilis

check for
updates

Citation: Charalampidou, G.;
Kopsacheilis, A.; Politis, I. Assessing
the Operation of a Multimodal Hub:
A Traffic Impact Microsimulation
Analysis. Infrastructures 2024, 9, 55.
https://doi.org/10.3390/
infrastructures9030055

Academic Editors: Benedetto
Barabino, Giulio Maternini and

Roberto Ventura

Received: 5 January 2024
Revised: 3 March 2024
Accepted: 4 March 2024
Published: 9 March 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

T

and Ioannis Politis

Transport Engineering Laboratory, Department of Civil Engineering, Aristotle University of Thessaloniki,

GR-54124 Thessaloniki, Greece; kopsacheilis@civil.auth.gr (A K.); pol@civil.auth.gr (I.P.)

* Correspondence: gcharalam@civil.auth.gr

 This paper is an extended version of a paper originally presented at the Living and Walking in Cities 2023
international conference.

Abstract: Creating new multimodal infrastructure in an existing transport network of an urban
city is a challenging process. The responsible transport authorities have to pay special attention to
the details regarding the accessibility and effectiveness of the new development, to avoid travelers’
confusion and network congestion. The subject of this paper is the assessment and optimization
of the traffic network in the surroundings of the new multimodal depot of Thessaloniki’s future
metro system with the use of the microsimulation software PTV VISSIM (version 2022). Five different
scenarios were developed in collaboration with the city’s transport authority and evaluated into two
stages, beginning with the whole traffic network, and then continuing with the analyzed intersections
separately. The evaluation is based on Key Performance Indicators (KPIs), which were extracted by
the software. According to the results of the base case scenario, the network functions satisfactorily,
with slight delays. Regarding the future network, the operation of the new hub will strongly increase
the traffic demand, while the proposed traffic network adjustments by the local authorities seem to
cause significant delay problems. This paper aims to highlight the importance of using modeling
tools during the design phase of a new infrastructure to create efficient, accessible, and sustainable
infrastructures that enhance the public transport system.

Keywords: multimodality; sustainability; microsimulation; traffic impact analysis

1. Introduction

The constant rise in urbanization and global population, in combination with the
intense life pace that defines modern society, has created the need for uninterrupted
transportation. More than 75% of the population will live in urban areas by 2050 [1],
and it is estimated that traffic flows will reach about 64% of all travel made around the
world [2]. Moreover, the emissions from the transportation sector are expected to account
for almost 50% of global emissions by 2050, if no key measures are undertaken [3]. Therefore,
achieving more efficient and low-carbon mobility is crucial in ensuring urban systems
are sustainable [2]. A sustainable transport system is one that considers the needs of
all commuters within an area and tries to provide the best possible travel conditions
for all travelers without creating external side effects for the rest of society [4]. In other
words, a sustainable transport system should be affordable, efficient, accessible, safe, and
environmentally friendly [5]. Multimodality is defined as the use of different sustainable
means of transport optimally combined to ensure a seamless journey [2] and is considered
a key to a more efficient and sustainable urban transport system [6]. Multimodal hubs, due
to being the areas where transfers take place, need to be properly designed and successfully
integrated into existing transportation systems. When creating a new multimodal hub,
local authorities need to prioritize reaching high levels of accessibility along with the
successful management of traffic flows near the area of interest. In this way, new users
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will be attracted and the commitment between the commuters and the local transportation
system will be strengthened. As most cities have an existing multimodal network, it can be
time- and cost-consuming for governments to create changes in current networks [7], but
undoubtedly all these changes contribute to healthier, sustainable living in cities [8].

The subject of this paper is the evaluation and optimization of the existing traffic
network around the new multimodal depot in the city of Thessaloniki with the use of the
microsimulation software VISSIM (version 2022) by PTV [9]. Five different scenarios were
developed: one for the current situation and four examining alternative future scenarios.
These scenarios were developed in collaboration with the Thessaloniki Transport Authority.
Traffic simulation models are used worldwide by local authorities and offer significant
help in evaluating available alternatives and making successful and sustainable decisions.
Therefore, this paper highlights the importance of using available traffic modeling tools
at preliminary stages to ensure successful transportation projects. This paper starts with
a categorization and a short description of the design principles of multimodal hubs
(Section 2), continues with the presentation and analysis of the study area (Section 3)
and the alternative traffic management scenarios (Section 4), and finishes with the results
(Section 5), conclusions and proposals (Section 6), and a discussion (Section 7).

2. Multimodal Hubs: Categorization and Design Principles

The global shift towards smart city planning and sustainable traveling encourages
communities to utilize multi-mobility modes and public transport in their everyday com-
mute and aims to reduce CO; footprint [10,11]. To serve these mobility and environmental
needs, physical infrastructure, transport systems, traffic management, operational pro-
cesses, and information systems should be seamlessly integrated [12]. Properly designed
and operated multimodal transport hubs play a significant role in promoting multimodal-
ity over the use of private transportation. Also, they can facilitate all user requirements
and enable seamless mobility, traveling efficiency, user satisfaction, and performance [13].
Multimodal transport hubs differ vastly from one country or city to another, depending
on the structuring modes of transport and the maturity of the urban fabric [14], and their
design can be very challenging and complex in bigger cities.

2.1. Categorization of Multimodal Hubs

Multimodal hub categorization can be achieved in several ways. Focusing on the
different characteristics of the hub, such as the location, the number and the importance of
the served transport means, or the variety of provided services, a different categorization
can arise every time. This paper adopts a classification method for multimodal hubs in
urban areas that is based on the importance of the involved means of transport [2]. This
importance is represented by the covered distances, the catchment areas, the commercial
speed, and the daily frequencies of the transport means. The results of this classification
method are as follows [2].

2.1.1. Category A

The multimodal hubs of Category A require the highest level of services since they
ensure long-distance coverage. The hubs that serve high-speed and intercity train services
are included in this category. Usually, they are connected with a bus station, regional and
local railway transport, and urban and peri-urban public transport. Taxis, private or shared
micromobility modes, and other sharing services (car sharing) are usually present in the
surroundings of these hubs to boost the accessibility of the hub.

2.1.2. Category B

The hubs of this category serve intercity and interregional trains or, when railway
services are missing, long-distance coaches. They do not differ vastly from the hubs of
Category A, but undoubtedly provide fewer services. An example of a multimodal hub
that belongs to this category is a capital city’s main railway station.
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2.1.3. Category C

Hubs of Category C host means of transport such as the metro or Bus Rapid Tran-
sit. They are smaller compared to the hubs of the previous categories and consequently
offer limited services. Nevertheless, their presence is fundamental in big cities with high
demand, mostly because the transportation means they serve have high capacity and
commercial speed.

2.1.4. Category D

In this last category belong the multimodal hubs that are usually located in the
outskirts of a city. Except for providing public or shared transportation services, they also
provide park and ride facilities or parking lots for commuters or passengers who want to
shift from their personal means of transport to public transport. This category offers the
lowest level of services among all categories because the transfer and waiting times are
very short.

2.2. Design Principles of Multimodal Hubs

In order to offer users a sustainable, seamless, and safe journey, a multimodal hub
should respect various design principles. An infrastructure that is accessible to all without
discrimination has to be the main objective when designing a multimodal hub. The hub
should be constructed on a horizontal level to facilitate pedestrians and people with
mobility disabilities. If this is impossible to achieve, the installation of elevators and
escalators, instead of stairs, in visible parts of the hub is necessary [15]. High levels of
pedestrian accessibility should be present not only within the transport hubs, but also in
their urban surroundings, linking the different transport access points together with the
city pedestrian network [2]. Also, the existence of cycling paths around the premises of
the multimodal hub that are well connected to the rest of the urban cycling network is
significant. Finally, the presence of facilities like park and ride, bike and ride, and services
like taxis and car sharing boost the accessibility of the multimodal hub.

Travelers’ safety, security, and comfort in the internal and external areas of a hub
are also a priority when designing a multimodal hub. The correct circulation of vehicles
and pedestrians in the surroundings of the hub and adequate lighting conditions have
to be ensured. Concerning personal security, isolated, dark, or segregated areas have to
be avoided. Furthermore, the presence of a security management system based on the
installation of video surveillance and security supervision significantly increases passengers’
feelings of safety [2]. Personal security helps public transport to become the mode of choice
for travelers [16,17]. Moreover, a clean and well-maintained hub with toilets, seats, and
covered areas and with a sufficient Wi-Fi connection service boosts the feeling of comfort
of the passengers [2]. Passenger perception is essential for evaluating the transport service
quality of multimodal hubs because they are the real customers of transport services [18].

Another major factor is the efficiency of the infrastructure. Short pedestrian distances,
appropriate signage for all types of drivers, and the availability of proper space for vehicles
stopping and passing by can reduce congestion and confusion and minimize time losses.
In addition, an integrated ticketing service in combination with an easy fare-payment
system and quick ticket-validation procedure promotes multimodality and mobility as a
service (MaaS). Smart cards have been widely used to enable fare and ticketing integration,
as they allow users to efficiently board and egress any type of service [19]. Finally, it
is important that both digital and physical information are available and that different
services coordinate to minimize waiting times while allowing enough time for transfers [2].

Urban transportation interchanges are considered an important determinant of public
transport with significant impact on land use, society, job creation, housing, and the
environment. Therefore, increasing their attractiveness by offering high standards of service
and providing accessibility, security, and comfort will promote greener transportation
modes and reform city hubs into true green urban interchanges [13,20].



Infrastructures 2024, 9, 55

4of 14

3. Thessaloniki’s Multimodal Hub

Thessaloniki’s multimodal hub is planned to be the depot of the first metro line
(red line) of Thessaloniki’s new modern metro system. This major urban multimodal
hub is located on the southeastern side of the city and will host several services such
as public transportation buses, bicycles, taxi services, and a park-and-ride facility, and
after its operation will significantly affect the surrounding traffic network. Based on the
categorization of multimodal hubs that took place in Section 2.1, this hub belongs in
Category C. Its presence is fundamental for the city since it connects the outskirts with
the city center while offering multiple services and low waiting times. The hub has been
constructed on a currently partly closed street and is surrounded mostly by residential
and commercial buildings. Local authorities have decided to reconstruct the traffic nodes
in the eastern and western parts of the hub and apply traffic regulations to avoid traffic
congestion at peak hours and offer better services for travelers.

Nodes A and B are located in the western part of the network and are part of a high-
importance interchange system that connects the eastern side of the city with a national road.
They are cross junctions, and Node A is signalized. After the planned reconstruction, Nodes
A and B will be joined into a double roundabout. Node C is located on the eastern side
of the network. Node C is currently non-signalized, but after the planned reconstruction
works will be transformed into a four-tier signalized junction. The location of the hub and
the nodes as well as the future layout of the network are presented in Figures 1-3.

A

Thessaloniki

HUB Location

Figure 1. Hub location in the city of Thessaloniki.
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NODE A

NODE B

NODE C

Figure 2. Study area in the existing situation.

[ Data collection

Scenario buildin

with local
stakeholders
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g

Figure 3. Network’s future layout (Reproduced with permission from Thessaloniki Transport
Authority).

4. Methodological Approach

In this section, the methodology that was implemented in our research and the exam-
ined scenarios are described. A diagram with the steps of our methodology is presented in
Figure 4.

Assessment of . Assessment of Comparative
.. Calculation of ) .
the existing the future traffic analysis and
i Future Demand .
traffic network network conclusions
Scenario 1.0 [ Scenario1.1 |
| Scenario1.2 |
[ Scenario1.3 |
| Scenariol.4 |

Figure 4. Methodology diagram.

4.1. Scenario Setup

For the study and evaluation of the current and future traffic network around Thes-
saloniki’s multimodal depot, the traffic microsimulation software VISSIM (2022) by PTV
AG [9] was used. VISSIM software was selected from the others available because it is a
user-friendly multimodal traffic flow simulation software used by city planning authori-
ties worldwide. Moreover, numerous transport modes can be simulated (vehicles, public
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transport, bicycles, pedestrians) to interact with each other, and as a member of the PTV
products family it allows seamless data exchange.

The assessment is divided into two stages—beginning with the overall performance
of the study area, and then continuing with the performance of Nodes A, B, and C
separately—and is mainly based on multiple Key Performance Indicators (KPIs) extracted
from the simulation process. The data and the layout of the models are largely owed to
a preliminary transportation study conducted by the Thessaloniki Transport Authority
(The.T.A.) in April 2021 [21].

The model hour simulated for all the scenarios was the morning peak hour (08:00-09:00)
because the observed traffic flows were higher than those of the evening peak hour
(17:00-18:00), as seen in Table 1. These time frames were selected because of the high
traffic demand they experience due to commuting or other business activities in the area. In
addition, the preliminary study used Passenger Car Unit (PCU) as a reference unit, which
converts all possible vehicle classes into a comparable unit regarding the road’s traffic
capacity.

Table 1. Traffic flows (PCU/h.) of Nodes A, B, and C for both morning and evening peak
hour—current situation.

Node A Node B Node C
Access - . . . . .
Morning Evening Morning Evening Morning Evening

West 1165 828 413 447 - -

East 729 808 75 30 418 294
North 856 716 - - 441 351
South - - 955 1040 452 492
Total 2750 2352 1443 1517 1311 1137

The models developed for the examined scenarios were run several times (10 iterations
for each scenario) to ensure the spread of stochasticity. Also, for the validation of the results
and the calibration of the models, the GEH statistic was computed for every link. The GEH
formula is computed as follows:

where K is the observed flow and M is the modeled flow on a link j. For a set of links,
the GEH index should be less than 5 for more than 85% of the individual links [22]. The
aggregated results of the model calibration procedure are presented later in the paper
(Section 7). The observed flows that refer to the future alternative scenarios derive from
a recalculation of the current flows (Table 1) since the new multimodal depot is not yet
operational. The whole area is expected to be affected because of the new development;
therefore, a recalculation with some assumptions was definitely required and is further
analyzed in Section 4.3.

4.2. Scenario—Current Situation

The purpose of this scenario is to represent the current traffic conditions in the study
area with accuracy, evaluate the network’s operation, and provide the basis for the de-
velopment of future scenarios. Therefore, Nodes A, B, and C were coded in detail in the
microsimulation software with the help of the results of the preliminary transportation
study by the T.A., as seen in Figure 5. Several KPIs were extracted from the simulation
process and were used to assess the current situation and as comparison factors for the
alternative future conditions.
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(b)

Figure 5. Existing network—Scenario 0: (a) Nodes A and B; (b) Node C. (Figures extracted from the
PTV VISSIM simulation software [9]).

4.3. Scenarios of Development

The planned traffic regulations in the existing network, in combination with the con-
struction and operation of the new multimodal depot, will certainly increase the area’s
traffic flow. To accurately model the future network, and therefore extract representative
results from the microsimulation software, the future traffic flows had to be calculated.
The calculation was mainly accomplished with the use of the macrosimulation software
VISUM by PTV AG [23] with some required assumptions. A VISUM macroscopic model
of Thessaloniki city was used to reallocate the existing traffic flows to the future network
after the reopening of the partially closed street in front of the multimodal station. This
macroscopic model was made by the Transport Engineering Laboratory of the Aristotle
University of Thessaloniki [24] for numerous projects concerning Thessaloniki city. Follow-
ing the allocation, the traffic flows were increased by 10% since the new infrastructure is
expected to attract more travelers to the area. Furthermore, the calculation process consid-
ers, additionally, the thirteen (13) bus lines that will be served by the new infrastructure.
The city’s local authority desired to examine how the planned traffic regulations and the
new network design would affect the level of service of public transport. These bus lines
are currently connecting the outskirts of the city with its center, but after the opening of
the hub they will terminate there. Hence, with the guidance of the transport authority, we
calculated the usage frequency of these bus lines and the number of vehicles was added
into the total traffic flows. The traffic flows that would be generated by the park-and-ride
facility were not considered in the calculation process, because the total number of parking
slots had not been decided at the period of our analysis. Last but not least, pedestrian and
bicycle flows were not considered either, due to lack of data and time limitations. Table 2
presents the calculated traffic flows of the morning peak hour for the future condition.

Table 2. Traffic flows (PCU/h.) of Nodes A, B, and C—future situation.

Node/Access North South West East
A and B 936 1139 1311 400
C 571 583 600 689

4.3.1. Scenario 1.1—Future Network (Demand)

As noted above, the new multimodal depot is expected to significantly change the
layout of the traffic network. Nodes A and B will be joined into a double roundabout and
Node C will be transformed into a cross intersection, as seen in Figure 6. Regarding Node
C, vehicle access is controlled with the help of ‘Stop” signs at the north and south entrances
of the intersection. This traffic measure is proposed because the traffic flows of these two
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streets were lower than the flows of the west and east entrances during the morning peak
hour.

Figure 6. Future network—Scenario 1.1 (red: bicycle network; dark grey: traffic network; light grey:
pavement) (Figure extracted from the PTV VISSIM simulation software [9]).

4.3.2. Scenario 1.2—Future Network (Demand)

In this scenario, the network’s layout is identical to the one in Scenario 1.1 (Figure 6),
with the only difference lying in that Node C is signalized. Since the proposed traffic signal
program was not provided by the planning authorities, the optimal traffic signal program
was calculated with the Webster and Cobbe method [25]. The calculated signal program
consists of four phases and has a duration of 71 s.

4.3.3. Scenario 1.3—Future Network (Demand)

In scenario 1.3, Node C is converted from a signalized intersection into a two-lane
roundabout. All the entrances are controlled with ‘Give way’ signs, and for all right turns
of the roundabout there is a separate bypass lane. The layout of the network can be seen in
Figure 7.

Figure 7. Future network—Scenario 1.3 (red: bicycle network; dark grey: traffic network; light grey:
pavement) (Figure extracted from the PTV VISSIM simulation software [9]).

4.3.4. Scenario 1.4—Future Network (Demand)

In the last examined scenario, there are changes on both sides of the future network.
Node C, on the eastern side, is converted into a roundabout (like Scenario 1.3), while on
Nodes A and B on the western side, a traffic lane is added at the north entrance. In addition,
at the same north entrance, a separate bypass line for right-turning vehicles has been added,
as seen in Figure 8.
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Figure 8. Future network—Scenario 1.4 (red: bicycle network; dark grey: traffic network; light grey:
pavement) (Figure extracted from the PTV VISSIM simulation software [9]).
5. Results

This section summarizes the results of the model calibration process, as well as the
results deriving from the use of the VISSIM microsimulation models regarding the perfor-
mance of the examined scenarios.

5.1. Model Calibration Results

In Table 3, the aggregated results of the calibration process for Nodes A, B, and C are
presented. As shown by the data in Table 3, the models are successfully calibrated, since
the GEH statistic index does not exceed the value of five (5) in any of the nodes.

Table 3. Calculation of the GEH statistic of Nodes A, B, and C—Scenario 0.

Traffic Flows (PCU/h)

S i Nod GEH
cenarto ode Observed Modeled Difference

A 2750 2752 2 0.038

0 B 1443 1447 4 0.105

C 1311 1304 -7 0.194

11 A+B 3786 3783 3 0.049

) C 2443 2394 —49 0.996

19 A+B 3786 3776 —10 0.162

’ C 2443 2392 —51 1.037

13 A+B 3786 3797 11 0.179

’ C 2443 2408 —-35 0.711

14 A+B 3786 3776 —10 0.163

: C 2443 2415 —28 0.568

5.2. Scenario Performance Results

The comparative analysis results are given in network-based and node-based forms
and the values that were used for the comparison are the average values extracted from the
models. Also, Scenario 1.1 and 1.2 are compared to Scenario 0, while Scenario 1.3 and 1.4
are compared to Scenario 1.2 proposed by the local authorities. The reasoning for this is that
both Scenarios 1.3 and 1.4 were examined as alternative solutions to the proposed layout.

Table 4 contains various KPIs for the overall network calculated for all the scenarios
as well as their percentage differences from the compared scenarios. It is observed that
after the operation of the new multimodal depot commences, the traffic network will be
affected substantially. The scenario with the worst performance, compared to Scenario 0, is
Scenario 1.2. Both delays and stops show a significant increase, while the average speed is
decreased, as seen in Table 4. On the other hand, in Scenario 1.1 the network seems not to
face severe problems. Ostensibly, the layout of the traffic network in Scenario 1.1 seems to
be the most suitable option, but the proposed traffic measures regarding vehicle access to
Node C will cause safety risks, especially during rush hours. Regarding Scenarios 1.3 and
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1.4, the network does not experience serious congestion problems compared to Scenario 1.2,
mainly due to the reconstruction of Node C into a two-lane roundabout.

Table 4. Comparative analysis of the KPIs for all scenarios for the overall network.

Scenario 0 Scenario 1.1 Scenario 1.2 Scenario 1.3 Scenario 1.4
KPl Result Result Dif. (%) Result Dif. (%) Result Dif. (%) Result Dif. (%)
Average Delays (s) 253 33.7 33 96.4 >100 63.2 —34 65.6 =32
Average Stops 11 2.7 >100 3.6 >100 3.5 -1 3.7 2
Average Speed (km/h) 169 195 16 105 -38 13.6 30 133 27
Delays at Stops (s) 13.0 12.7 -2 66.7 >100 347 —48 35.9 —46
Total Distance Travelled (km) 754.0 1820.8 >100 1720.3 >100 1810.0 5 1779.1 3
Total Time Travelled (min) 2706.3 5596.6 >100 9881.1 >100 80209 ~19 8269.1 ~16
Total Delays (min) 1845.6 2723.9 48 7281.1 >100 52189 ~28 5468.5 —41
Demand (PCU/h) 4355 6229 6229 6229 6229
Tables 5 and 6 present the level of service (LOS), the vehicle delays, and their per-
centage differences with the compared scenarios for all possible directions around the
multimodal hub. In Node A, both the north and south entrances are congested during the
morning peak hour in Scenario 0. After the operation of the new development commenced,
the congestion in the south and north entrances of the double roundabout (Nodes A and
B) increased significantly. While similar results arise from all the scenarios, in Scenario
1.4, a slight increase in the LOS of both the south and north entrances is observed. As for
Node C, considering the results of Scenario 0, the node works fairly satisfactorily. After
its reconstruction, in Scenario 1.1, the node still does not face severe congestion problems,
except from the S-N and N-S routes. On the contrary, in Scenario 1.2, when the node is
signalized, the LOS of Node C decreases dramatically from A to E. Finally, the results of
Scenario 1.3 and 1.4 are more encouraging. In both these scenarios, the west entrance is the
one that faces the most severe congestion problems. This is reasonable because the west
entrance has only one traffic lane, while the other entrances have two.
Table 5. Comparative analysis of the level of service (LOS) and average delays for all scenarios for
Nodes A and B.
Scenario 0 Scenario 1.1 Scenario 1.2 Scenario 1.3 Scenario 1.4
Direction Veh. Veh. Dif. Veh. Dif. Veh. Dif. Veh. Dif.
LOS Delay LOS Delay Delay LOS Delay Delay LOS Delay Delay LOS Delay Delay
(s) (s) (%) (s) (%) (s) (%) (s) (%)
W-SE C 21.0 A 0.25 -99 A 0.25 -98 A 0.25 - A 0.25 -
W-E B 18.6 B 14.8 -20 F 101.2 >100 F 75.7 -25 F 102.3 1
W-N B 18.4 B 13.6 —26 D 574 >100 D 55.7 -3 D 74.8 30
S-W D 26.4 B 12.4 —53 B 12.4 -53 B 13.0 -5 B 15.2 23
S-SE D 26.1 C 15.4 —41 B 145 —44 C 15.3 -6 B 14.6 1
S-N C 25.3 F 67.3 >100 F 58.9 >100 F 57.9 -2 F 71.2 21
SE D 26.7 A 1.14 —96 A 11 —96 A 0.9 —18 A 137 25
N-W D 52.1 F 50.9 -2 F 53.4 3 F 58.1 9 D 38.9 —27
N-SE D 53.6 F 59.1 10 F 61.8 15 F 67.7 10 F 69.5 13
N-N D 53.4 F 714 34 F 73.6 38 F 66.1 -10 C 29.5 —60
N-E D 539 F 65.5 2 F 96.0 78 F 105 9 F 77.9 ~19
E-SE - - D 28.1 - D 25.5 - D 329 29 D 33.0 19
E-W A 1.8 B 128  >100 B 136  >100 C 14.9 10 B 155 14
E-N A 1.4 C 19.6 >100 D 21.1 >100 C 21.7 3 C 21.9 4
Total C 271 D 219 -19 D 322 19 D 302 -6 D 339 -5
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Table 6. Comparative analysis of the level of service (LOS) and average delays for all scenarios for
Node C.

Scenario 0 Scenario 1.1 Scenario 1.2 Scenario 1.3 Scenario 1.4
Direction Veh. Veh.  Dif. Veh.  Dif. Veh.  Dif. Veh.  Dif.
LOS Delay LOS Delay Delay LOS Delay Delay LOS Delay Delay LOS Delay Delay
(s) (s) (%) (s) (%) (s) (%) (s) (%)
NE-N A 4.5 A 32 —28 F 95.0 >100 A 4.8 —95 A 49 —95
NE-S A 54 A 4.0 =27 F 94.7 >100 C 16.1 —83 C 159 —83
NE-W - - A 4.3 - F 94.8 - C 15.6 —84 B 18.9 —80
S-N A 2.6 F 83.4 >100 F 115.6 >100 A 2.6 —98 A 2.6 —98
S-NE B 10.1 A 8.7 —14 D 423 >100 A 2.1 —-95 A 1.9 —96
S-W - - C 249 - C 34.1 - A 7.3 -79 A 6.9 -80
N-S A 0.4 F 82.4 >100 F 88.7 >100 A 6.3 —-93 A 59 -93
N-SE A 1.7 C 17.6 >100 D 40.1 >100 A 9.9 —75 A 9.8 —76
N-SW - - A 6.9 - E 58.5 - A 1.3 —98 A 3.1 —95
W-S - - A 0.6 - B 16.2 - B 10.9 -33 B 13.2 —19
W-NE - - A 3.8 - E 75.8 - F 87.5 15 F 89.9 18.6
W-N - - A 7.0 - E 78.6 - F 87.8 12 F 90.7 15.4
Total A 3.1 D 29.1 >100 F 82.9 >100 C 20.7 -75 C 20.8 -75
Finally, Table 7 presents the CO, emissions and fuel consumption of Nodes A, B, and
C for all the examined scenarios. All the nodes show a significant, but expected, increase
both in their CO, emissions and fuel consumption after the operation of the multimodal
hub commenced due to the new demand and traffic regulations. Again, the scenario with
the worst performance, compared to Scenario 0, is Scenario 1.2. Also, the reconstruction of
Node C into a two-lane roundabout in Scenarios 1.3 and 1.4 leads to positive results, as
seen in the table that follows. Compared to Scenario 1.2, both the carbon dioxide emissions
and fuel consumption of Node C show a decrease of almost 40%. This is justified because
of the replacement of the traffic lights with ‘Give way’ signs, which leads to a big decrease
in the total delays of the node.
Table 7. CO, emissions and fuel consumption for all scenarios for Nodes A, B and C.
Scenario 0 Scenario 1.1 Scenario 1.2 Scenario 1.3 Scenario 1.4
KPUNode Aand B C AandB C A and B C Aand B C Aand B C
CO; Emissions (gr) 4378 314.6 4898.8 4829.4 6090.3 3978.4 5885.6 2406.9 6226.8 2430.8
Fuel Consumption (1t) 62.6 45 70.1 69.1 87.1 56.9 84.2 344 89.1 34.8
Demand (PCU/h) 4355 6229 6229 6229 6229

6. Discussion

The construction of the new multimodal depot in combination with the traffic reg-
ulations that the local authorities plan to implement will significantly change the area’s
traffic image. The proper management of traffic flows and the seamless service of public
transportation are therefore challenges that need to be addressed. From the conducted
analysis arises the conclusion that the existing traffic network operates satisfactorily with
minor delays during peak hours. This is expected to change with the reopening of the
currently closed road and the operation of the hub, which will cause a large increase in
traffic. In addition, some of the proposed traffic regulations will lead to delays and a
very low level of service at key points of the network. The traffic network should operate
efficiently, especially during peak hours, and provide a sustainable and comfortable travel
experience for users.
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The traffic impact analysis conducted in this paper revealed four findings of vital
importance. Firstly, transport authorities should use traffic simulation models to assess the
impact of their proposed ideas or adjustments on the traffic network before implementation.
Secondly, the participation of the academic sector in the design process of new develop-
ments can be beneficial since it can help address numerous complex challenges. Moreover,
traffic microsimulation models should include all the available transport means in an area
to examine how they interact with each other and if the provided level of service can meet
users’ expectations. Last but not least, the availability of diverse datasets, such as the
composition of traffic demand during peak hours or users’ travel behavior, is crucial. These
datasets can significantly help transport planners to understand a system’s complexity and
thus reduce the negative impact of the planned regulations. Last but not least, any proposed
traffic regulation should be tested prior to implementation to ensure that it respects user
and network needs.

This study has potential limitations that should be considered before the adoption
of the implemented methodology. Firstly, there is a significant lack of data regarding the
traffic flows that are expected to be generated from the provided services of the hub. Traffic
flows of the park-and-ride facility and the bicycle network, and also the pedestrian flows,
were not available at the time of the research process so they were not considered in the
modeling process. The addition of these data in the models is vital in understanding the
complexity of the examined traffic network, and will therefore lead to more accurate results.
Moreover, the calculation of the signal program in Scenario 1.2 was based on the early
layout of the network given by the city’s transport authority, which is likely to change.
Finally, one of the biggest limitations in this study is the recalculation method of future
traffic demand. This method was based on assumptions which are probably not accurate
enough, since there were not available official documents that could prove the distribution
or the fluctuation of the network’s traffic demand after the new infrastructure.

Future research could examine the implementation of other, more comprehensive,
analyses that will lead to more concrete suggestions and proposals. A cost-benefit analysis,
i.e., monetarily quantifying the benefits and the costs both for the users and the community,
can help significantly in choosing the best scenario among the proposed ones. Furthermore,
an implementation of a multicriteria analysis in parallel with the design process will
strengthen the engagement of the local stakeholders with the project and hierarchize the
priorities of the hub and network. Also, since the new hub will serve numerous users daily,
the planning process should consider their opinions. Therefore, the users could actively
participate in the design process through a survey which will address their needs and set
new standards. Finally, the implementation of automated data collection methods could be
vital for similar projects that lack data. All the methods mentioned above are beneficial in
the preliminary design phase of multimodal hubs because they can help transport planners
and authorities to make well-founded decisions.

7. Conclusions

The methodology implemented in this paper forms a basic framework that can be
adopted by any transport planner or public authority who aims to assess the surrounding
traffic network of an existing or new multimodal hub. The methodology starts with the
collection of available data on the examined area (i.e., availability of public transport or
other shared means, traffic demand, layout of the network). The method then continues
with the development and calibration of the models that represent the current and future
traffic conditions, and finishes with a comparative analysis between the proposed scenarios
and the final conclusions.

The conclusions that arise from the traffic impact analysis are as follows:

1. The use of microsimulation models is fundamental for the design process of a new
infrastructure. These models provide significant information regarding the traffic,
environmental, and economical aspects of a new development and help planners in
making better decisions.
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2. When designing a multimodal hub, transport planners have to ensure that the existing
network can absorb the expected changes in traffic demand.

3. If further network adjustments are needed, their impact on the efficiency of the
network has to be tested. Planners should avoid interventions in the urban fabric that
may cause traffic congestion or user inconvenience, and therefore have a negative
impact on the operation of the infrastructure and the environment.

4.  Transport planners should prioritize the seamless circulation of public and micromo-
bility means of transport (bikes, scooters, etc.) in the surroundings of multimodal
hubs.
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