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Abstract: Many megacities in the world, especially Bangkok, are facing severe congestion in road
traffic and public transport, particularly during peak hours. This situation (a) worsens the quality
of life, (b) releases emissions causing air pollution and climate change, and (c) subsequently creates
requests for massive investment in transport infrastructure, which easily exceed the budget’s limit.
Instead of solving the problem by supply-side strategies, applying ICT-based solutions to reform
people’s daily activities, particularly commuting and working behaviors, on the demand-side is
an alternative solution. As a promising solution, Mobility as a Service (MaaS) introduces ICT to
persuade people to use public modes of transport. However, modal shift is a partial solution to
mitigate traffic congestion. With technological advancements in communication, people become
more flexible in their activities in terms of place and time aspects. Maa$S should not only induce a
transport mode shift but also a workplace shift and working time shift by extending the planning
service in daily activity-travel level, exploiting people’s flexibilities for an activity’s place and time
to manage travel demand. This paper proposes the QOL-MaaS as the extended MaaS to support
space-time shift of activity-travel and reveals its potential impacts on traffic congestion, quality of
life, and CO, emission.

Keywords: flexible working; quality of life; MATSim; Maa$; activity-travel planning

1. Introduction
1.1. A Brief History of Bangkok’s Transport

Bangkok is the capital city of Thailand, forming along the Chao Phraya River. In the
past, Bangkok was the so-called “Venice of East” because of boat travel’s charm. From
absorbing the culture and obtaining technology from foreign countries, many roads were
built, and cars became popular. At this point, it is the beginning of various problems
consequence in the present. From the study of Hanaoka [1], rickshaws were brought to
Bangkok about 1887, following motorcars in 1907. At that time, Bangkok was developed
by adopting a western way to be accepted as a civilized country. Western culture turned
out to be appreciated, and it was finally assimilated into Thai culture. Over time until 1953,
rickshaws were considered as traffic obstruction and a symbol of undeveloped. Therefore,

Sustainability 2021, 13, 6547. https:/ /doi.org/10.3390/su13126547

https:/ /www.mdpi.com/journal/sustainability


https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-1832-0761
https://orcid.org/0000-0003-1774-4308
https://orcid.org/0000-0003-2444-352X
https://orcid.org/0000-0003-0744-4213
https://doi.org/10.3390/su13126547
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13126547
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su13126547?type=check_update&version=2

Sustainability 2021, 13, 6547

20f19

rickshaws were banned and prohibited on the street of Bangkok. Since then, roads have
been continuously developed, including expressways and elevated roadways. For more
than 30 years, many trails have been built around the area in Bangkok, together with traffic
problems that have accumulated continuously. After the financial crisis in 1997, the Mass
Transit Master Plan (MTMP), which was proposed in 1995 to provide the backbone of
public transport, was revised as the Urban Rail Transportation Master Plan (URMAP) in
2000 and continue to develop the rail system. BTS Skytrain and Metropolitan Rapid Transit
(MRT) underground metro lines were operated in 1999 and 2004. Despite the operations
of BTS and MRT, traffic congestion could not be solved, and the number of car users
still increased.

1.2. Requirement for Transport Solutions in Bangkok

During rapid economic growth, the demand for cars increases dramatically, especially
in car-dependent cities like Bangkok [2]. When the road infrastructure is unable to meet
demand, traffic congestion subsequently undermines citizens’ lives. Back in the early
days before 1990, road transport was given a priority and continuously developed. The
development plan mainly focuses on road development and rarely gives importance to
urban rail transport [3].

For a long time, the government has expanded roads and railways to relieve traffic
congestion. However, it still cannot solve the problem completely. This way began to
enter a dead-end due to the limited land area and also budget. The traveling behavior of
people using personal cars is ineffective and non-sense to encourage. Shifting people to
a public transportation system is one of the solutions, reducing the burden on transport
infrastructure and the environment. Recently, the MaaS concept has been introduced. This
concept aims to shift from personally owned modes of transport towards public modes
and shared modes of transport by providing an integrated system of transport modes and
related services via ICT platform to afford maximum convenience for users, which has
been pilot tested and implemented in many countries.

However, it is only a partial solution for changing traveling behavior limited to
consideration of transport modes. As long as people’s activity destinations and timings
remain unchanged, travel demand at peak-hour is still high, resulting in unnecessary social
cost and worsening people’s quality of life. During the peak hours of the day, there are a
large number of people traveling, including on public transport, in which government and
service providers need to procure massive land for right of ways for railways and roads,
additional transport operation staff, and numerous facilities (such as station, buses, train
cars, etc.) enough for the passenger volume and the social distancing. However, off-peak
hours, those resources are not fully utilized, and many opportunity costs are created.

Therefore, Maa$S should be extended to support a flexible working lifestyle; people can
design or partially design their workplaces and work hours by serving an optimal activity-
travel plan to people managing space-time distribution of travel demand for better overall
mobility in the transport network and individual quality of life (QOL). The activity-travel
planning extension also has the capability to accelerate lifestyle shift from traditional 9-to-5
working to flexible working by giving the information to people to raise their awareness
of the quality of life and social burdens, such as recommending alternative plans of daily
activity-travel for people in the form of flexible working, offering them enhancement to
their quality of life and contributing to social burden mitigation at the same time.

In this paper, the concept of Quality-of-Life oriented MaaS (QOL-Maa$) is proposed
as the extended Maa$S concept for space—time shift of activity-travel adopting a flexible
work-life. The potential impact of flexible working and the role of QOL-MaaS to support
future flexible working is examined by scenario simulation applying MATSim.
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2. Related Research
2.1. Maa$S Research

MaaS is the emerging concept that researchers in transport-related fields are paying
attention to. Many pilot systems of MaaS have been implemented based on their own defi-
nition. There have been studies on emerging Maa$S projects to understand its characteristics.
Jittrapirom et al. (2017) [4] studied the Maa$S definition by examining the service functions
in some Maa$S schemes. Additionally, the risk and opportunity of MaaS were taken into
consideration as well [5]. Sochor et al. (2018) [6] classified MaaS based on objectives of
integration into five levels: level (0) no integration, level (1) integration of information,
level (2) integration of booking and payment, level (3) integration of the service offer, and
level (4) integration of societal goals. Recently, Arias-Molinares and Garcia-Palomares
(2020) conducted a literature review of Maa$S applying the W-question framework [7]. In
the policy aspect, the framework to analyze Maa$S policies has been developed [8]. The
potential of Maa$S to support behavior change is examined by in-depth interviews with
people [9]. In the following section, we have selected some well-known MaaS applications,
which are frequently mentioned in the literature, to examine the service’s features and
reviewed its potential impact and limitation.

2.2. MaaS in Practices

Table 1 represents the service features of the six well-known MaaS schemes/applications—(1)
UbiGo, (2) Whim, (3) SHIFT, (4) Smile, (5) Moovel, and (6) Optymod Lyon. To understand their
similarity and difference, their properties are characterized based on three service functions:
transport modes, information services, and customization. Their details are described as follows.

Table 1. Summary of mobility as a service characteristics and function.

Ma.aS Operating Service Functions
Project Area
@ Tran'sp0%'t.mode 2) Infor.matlon (3) Customization
Availability Services
= o —_ S o0
2 g g S & 2 g
& = = = 5 g £
= v Y o = =]
& " P g E S = Services Options Route Search
t = % = = & % p Factors
= = = e —_- s =
) < < S « z
CAE- £ % 2
Transport modes
. Gothenburg, selection, Mobility
UbiGo Sweden v v v v v budget, Subscription
top-up,
Whim Hglsmlq, v v v v v v Mob}hty budget, Travel tnpe,
Finland Subscription top-up, green trip
Las Vegas, Mobility budget,
SHIFT USA v v v Subscription top-up
Vienna Transport Cost, Travel
Smile c v oY v Y vV b time, CO,
Austria mode filtering .
footprint
Moovel Germany v v v v v v Transport mode
transport mode,
Optymod Lyon, France v v v v v Personal capability
Lyon (Driving, riding,

walking)
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e Transport modes: As the first mode, public transport includes buses, railways, and
boats, which have at least one service in the application. The second mode, sharing
vehicles, enables their users to share their vehicles such as bicycles, scooters, or cars via
the application platform. The third mode is vehicle rental service where the existence
of cooperating or associating with the service of vehicle rental companies is considered.
Finally, on-demand service, the fourth mode, specifies the availability of door-to-door
services, including taxis and other paratransit.

e Information services: The first service is real-time information provider that supplies
real-time situation such as real-time road traffic situation, public transport congestion
level, real-time location of service vehicles. As the second service, notification triggers
alerts to users for upcoming travel activities such as warnings of the bus schedules,
the arrival of the booked on-demand taxi, or when to get off the bus. The route
planning, the third service, helps users to find the best route choices and mode
combination choices.

e  Customization: The users can customize their trips in terms of (i) service options such
as transport mode preference, payment options, personal capability /disability, etc.;
and (ii) route search factors, which allow users to set the factor for route optimization,
e.g., travel time, cost, distance, level of emission, etc.

According to the literature and examining the selected MaaS system, generally, trans-
port mode integration and payment integration are the Maa$S characteristics that many
projects have focused on and implemented. The wide variety of transport modes can
provide users more convenience and recognize the new or unknown services. The flexi-
ble payment options allows users to choose their suitable package [10], attracting more
people to participate in the system. Apart from that, the MaaS concept also creates a new
market for mobility services, such as bike-sharing or community transport [11]. Therefore,
these indicate that Maa$S focuses mainly on the trip-level to offer convenience and suitable
transport means to maximize the user’s satisfaction.

2.3. Potential of Maa$S in Bangkok and Its Limitation

In the future, it is high potential that Bangkok will have its MaaS system that integrates
all transport modes and payment systems—including public transport, sharing vehicles,
on-demand service, and rental vehicles. In Bangkok, many parts of the MaaS system have
been developed from the viewpoint of transport modes integration [12], and most of them
are on-demand services that become popular nowadays. This kind of service can help
reduce the rate of using private cars and shift people to use public modes of transport, but
some researchers showed that on-demand service might not reduce traffic congestion [13].
Bike-sharing or rental bike systems have been operated in many areas. In terms of payment
integration, currently, the government has been developing an integrated payment system
for public transport [14]. From here, we can see that Maa$S in Thailand is continuously
being developed actively.

Finally, when imagining the Maa$S system for Bangkok, the authors ask “how much
potential of Maa$S to reduce the burden on society?”. Obviously, MaaS can reduce the
burden limited only to the trip level by transport mode shift means. In a crowded city
like Bangkok, not only are roads traffic-congested, but the public transport system is also
crowded, especially during rush hours with very high travel demand that may make MaaS
unable to persuade people to shift to public transport. Perhaps even worse, it could turn
people using public transport to use on-demand service.

2.4. ICT-Based Transformation of Daily Activities

Valenduc and Vendramin (2002) [15] said the increasing use of ICT is blurring between
working time and other social times. Future work styles could be more decentralized [16,17].
People do not need to concentrate in the office all working hours [18]. The government
should promote a flexible working policy that allows employees to shift their fixed working
times and places. For example, work from home or working at a co-working space outside
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the city center avoids commuting during peak-hours and utilizes more ICT for cooperation.
This is also good for work-life balancing [19].

Since the end of 2019, the outbreak known as COVID-19 has spread quickly around
the world. Many cities have taken various measures to mitigate the pandemic of the
COVID-19 [20]. One of the most important measures is social distancing. Public transporta-
tion systems, especially during peak hours, are considered a high-risk place for spreading
the virus. Both governments and transport experts need to find solutions to reduce travel
demand. According to the social distance policy, the reducing working days and work
from home (WFH) regulations have been applied [21,22], and the flexibility of working
hours is also used in many organizations. The survey result shows that about 40% of
respondents perform flexible working during the pandemic [23]. Distance learning is also
applied in many schools and universities in Thailand [24]. These reveal the potential for
flexible working to be applied in future lifestyle for the post-COVID-19.

Flexibility in space and time of activity and ICT-based systems are the keys to improve
people’s quality of life and to reduce social burden. Therefore, the new generation working
should be more flexible in working and other activities without location and time con-
straints. This will be creating enormous potential demand for an ICT-based management
system, integrating business-living activity, transport, and communication.

2.5. Daily Activity-Travel Scheduling Models

As mentioned, future urban activities should be more supported by cyberspace,
creating greater flexibility in space and time constraints. Under this new paradigm, services
for personal activity-travel planning play a more important role in providing people a
better quality of life with less social burden.

There have been many researchers who proposed the daily activity-travel plan-
ning to support this flexibility, such as (a) trip-chain design combined mode and route
choices [25], (b) the activity-travel scheduling method for flexible space-time condi-
tion [26-29], and (c) activity-travel scheduling for inter-individual to travel or do some
activities together [30].

The authors think that these kinds of mentioned research are helpful to support
future people’s lifestyles and to induce the workplace and worktime shifting, which
are very useful for MaaS$ to increase the degree of sustainability in transportation. Still,
the point is, “What is the goal of recommendation for people to achieve sustainable
transport?”. Generally, MaaS services and activity-travel planning research are designed to
provide a person with the maximum user’s benefit or user’s efficiency, such as saving time
and/or travel costs. However, the burden on society created by personal activity-travel is
often neglected.

2.6. Analysis of Social Burden

Inevitably, the daily travels of people create social burdens on the economy, environ-
ment, and transport infrastructure. Choosing locations and timings for activity in the daily
plan is very significant to the level of social burdens. The planning system can exploit the
advantage of flexibility conditions to minimize the social burden from individuals’ daily
plans. For example, in daily life, people travel to the city center to work in the morning
and back home in the evening. It is known that this habit is the cause of severe peak traffic
congestion in the morning and evening. If people can divide their work hours to work
out of the office as a way of work from home (WFH) or remote working at co-working
spaces, the scheduling system can recommend a suitable place and time for travel to avoid
generating huge burdens. Therefore, the planning system needs to have a comprehensive
evaluation of social burdens in various aspects.

The first is the economic loss caused by traffic congestions. Many economists say that
it is the critical factor causing market failure and social problems [31]. The social cost from
this loss can be evaluated from the time loss in transportation, such as “delayed time” and
“queuing time”, in which the valuation of time loss can be assessed by the loss of GDP [32].
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J. Kim (2019) [31] conducted the research to determine social cost creating from traffic
congestion using individuals trip level datasets, and Li and Yang (2017) [33] estimated the
level of congestion charged as a social cost.

Second, environmental burdens are also crucial for global society to prioritize, as
they affect people’s well-being, via such issues as global warming, air pollution, and
natural disasters. In the transport sector, the most evident influence on the environment
is the emission from energy usage, including CO, and PM 2.5, etc. [34]. Therefore, these
impacts should be considered as one of the social costs. Many researchers are trying to
create models for estimating the value of these burdens. Barth and Boriboonsomsin (2008)
develop the emission function based on travel speed [35]. van den Bergh and Botzen (2015)
study the potential for the monetary valuations of CO; [36]. Du and Li (2016) estimate the
cost associated with the health impact resulting from PM 2.5 [37].

The third is the burden due to transport infrastructure and maintenance. The daily
commuting of people in the city causes damage to the transport infrastructure, resulting in
subsequent maintenance costs. Different types of vehicles cause various degrees of damage
to road surfaces [38]. Therefore, the vehicle conditions also need to consider:

These three critical aspects of the social burden—(1) economic, (2) environmental, and
(3) infrastructure—can be considered in the optimization process of the daily activity-travel
planning for counterbalancing with user’s benefit or the quality of life, for which Table 2
shows its related literature.

Table 2. Related literature of urban quality of life.

P-QOL Factors T-QOL Factors
Authors § %D 'g :3 g g t é Study Area
a g EC
H. M. Kim and Cocks (2017) [39] v v v v v Suzhou
Nakamura et al. (2017) [40] v v v v v v Bangkok, Nagoya
Berezny and Koneény (2017) [41] v v Zilina
Nakamura et al. (2016) [42] v v v v v v Bangkok
Gu et al. (2016) [43] v v v Nanjing
von Wirth et al. (2015) [44] v v v v Limmattal region
Nakamura et al. (2015) [45] v v N v v v v Bangkok
Lotfi and Koohsari (2009) [46] v v v v Tehran City
Doi, Kii, and Nakanishi (2008) [47] Vv v Vv Vv Vv v Takamatsu
Kachi, Kato, and Hayashi (2007) [48] N N4 v N N N4 lida City
Talen (2003) [49] v v Portland
Lever (2000) [50] v v N v v Mexico City

2.7. Quality of Life (QOL) Research

Quality of Life (QOL) use to evaluate a person’s benefits. QOL considers people’s
perceptions and expectations for a good life. The QOL approach can be extended to evaluate
Gross National Happiness (GNH) and Sustainable Development Goals (SDGs) [51]. Daily
activity-travel influences QOL in two main aspects: (1) the satisfaction of the place for
activity defined as place-specific QOL (P-QOL) and (2) the satisfaction of traveling defined
as travel-specific QOL (T-QOL).



Sustainability 2021, 13, 6547

7 of 19

e  Place-specific QOL (P-QOL) is defined as the level of satisfaction of individuals toward
place’s factors, including five groups of factors [47,52]: (1) economic opportunity
factors, (2) living opportunity factors, (3) amenity factors, (4) safety and security
factors, and (5) environmental factors. The importance of each factor differs for each
person and also the kind of activity.

e  Travel-specific QOL (T-QOL) is defined as the level of satisfaction of individuals during
traveling toward (1) route conditions, e.g., travel time, cost, walking distance, or a
number of transfers, (2) transport mode condition, such as comfort (e.g., congestion,
availability of air conditioner, or privacy), safety (e.g., accident risk, crime risk, or level
of protection).

3. Materials and Methods
3.1. Scenario Simulation Using MATSim

MATSim [53] is an agent-based mobility simulation on a virtual transport network
based on travel demand scenarios. This tool can be utilized to model and study the
characteristic of the traffic situation in the virtual transport network in both space and
time dimensions. This model is also applied to the evaluation of SDGs achievement of
urban policies along with the land use model [54]. The virtual transport network as a
supply-side of the transport system is one of the main components for simulation consists
of spatial information of roads, railways, bus routes, etc., in terms of nodes and links with
its attributes such as the free-flow speed, the number of lanes, and capacity. To simulate
mobility of citizens in the virtual transport network, activity plans of citizens or agents are
needed to assign as a travel demand scenario, in which each agent’s plan contains activity
times, activity locations, and travel means. Other than demand and supply of transport,
there are mathematical models that needed to configure which are (1) mobsim (mobility
simulation) module; (2) scoring module as a decision model of agent for plan selection;
and (3) re-planning module for plan optimization, which system flow is shown in Figure 1.

Initial Demand > Mobsim r— Scoring Result Analysis

Iterations

Re-planning 4=

Figure 1. Simulation framework of MATSim.

Mobsim or mobility simulation [55] is the part of MATSim that serves the route
planning for the population and calculates the traffic conditions of the transport network.
Generally, the size of the population and transport network for simulation are scaled down
to obtain reasonable calculation time. Therefore, scaling parameters for mobility calculation
are required to configure in this part. The scoring process serves the evaluation of the
agent’s activity-travel plans based on the Charypar-Nagel utility function [56] as a decision
model of agents for plan selection, in which the level of utility of factors are needed to
define. The re-planning perform to optimize the agent’s plans through the iteration loops
by modifying the travel plan of some agents, which strategies [57-59] of the modification
are needed to specify. The configuration of parameters in each module using in this study
is shown in Table 3.
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Table 3. Parameter configuration for MATSim in this study.

Modules Parameters Values Unit
. Flow capacity factor 0.125 -
Mobsim Storage capacity factor 0.125 -
Late arrival —18 utility /h
Early departure 0 utility /h
Scoring Performing activity 6 utility /h
Waiting 0 utility /h
Traveling —6 utility /h
; . Re-route probability 0.1 -
Re-planning Best score probability 0.9 -

Table 3, there are three modules that need configuration. For Mobsim, flow capacity
and storage capacity factors are the scaling value depending on the population’s sample
size. Since the sample size of the population in this study is about 0.7%, the scaling value
should be 0.007. However, the effect of the simplified transport network, in which public
transport network and non-main roads (alleyways) are excluded, causes the irregularity
high travel time. Therefore, tuning these parameters is necessary to obtain a reasonable
average travel time of simulation results compared with Bangkok’s actual situation. When
the tuning parameters are 0.125, the average travel time of agents in the business-as-usual
scenario is approximately 31 min, while the report of travel demand survey by OTP is
about 36 min [60]. Thus, the simulation result has an 13.9% deviation that we think it is
an acceptable discrepancy. The scoring module has five setting parameters to set up the
Charypar-Nagel utility function [56]. In the re-planning module, the re-routing strategy
randomly selects the 10% of the agents to re-routing their travel plans, and the rest 90% will
be assigned to the best score strategy, which selects the best score of their available plans.

3.2. Business as Usual (BAU) Scenario Simulation

The Business-as-Usual (BAU) scenario is representative of travel demand of 9-to-5
working style. This scenario assumes that all people travel to work in the morning and
go back home in the evening, which causes peak traffic congestion in these periods. The
process of BAU scenario simulation consist of three main parts: (1) target area and related
data, (2) travel demand modeling, (3) agent’s activity-travel plan creation. The methods
and details in each part of the framework will be described in the following subsections.

3.2.1. Target Area and Related Data

The target area is Bangkok Metropolitan Region (BMR) boundary, covering about
7.7 thousand square kilometers having approximately 14.6 million population in 2010 [61].
In this study, there are three types of data using for the simulation of the BAU scenario.
The first type is person-trip statistics. Second, traffic analysis zone (TAZ) data consist of
847 zones expressing the spatial attributes of census information and land use, which the
number of population and employment in zones are used to estimate initial travel demand
by gravity model. Third, the transport network is obtained from OpenStreetMap (OSM),
where only main roads are included in the simulation to save to computation time, as
shown in Figure 2.

3.2.2. Travel Demand Analysis

In estimating the initial travel demand between zones, the number of population and
employment are used for trip generation and trip attraction by means of gravity model.
Figure 3a,b show the population density and employment density in each zone. It is
obvious that population and employment concentrated in the inner part of the city. The
parameters of the gravity model are estimated in reference to the average travel distance
from person-trip data. Then, Fratar method is applied to adjust trip distribution among
zones for consistency of trip generation and trip attraction. The desire line of travel demand
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is shown in Figure 3c.
the city center.

It is again obvious that most of the travels are coming in and out of

—
Free-flow speed
30 - 40 km/hr
40 - 60 km/hr
— 60 - 80 km/hr
— 80 -120 km/hr

Figure 2. Road network of Bangkok Metropolitan Region (BMR).

Figure 3. Traffic analysis zone (TAZ) and the associated travel demand: (a) spatial distribution of population density;
(b) spatial distribution of employment density; (c) the desire lines of travel demand between zones (>250 trips).

3.2.3. Activity-Travel Plan Creation

The agent’s home and office (workplace) locations are selected based on travel demand
among zones. However, the schedule of trips in a day is also needed to specify for MATSim.

Considering Figure 4,

the graph shows the distribution of departure time, in which the

dash lines and solid lines represent the person-trip statistics and the Gaussian curve
fitting results. These Gaussian functions are applied to assign agent’s departure times for
morning and evening trips by starting time of destination activity is assigned 1-h after

departure time.
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Distribution of departure time

0.20

Probability

;3
H

-+ morning departure
-+ evening departure

= curve fitting (morning)
—— curve fitting (evening)

[ 1 2 3 4 5 6 7 8 9 10 11

12 13 14 15 16 17

Departure time (HH)

19 20 21 22 23

Agent'’s activity travel plan
Home

00:00 |
v
Morning departure time
(home to office)

Office

Time 1
v

Home

24:00

Evening departure time
(office to home)

Figure 4. Departure time distribution for agent’s activity-travel plan creation (BAU scenario).

3.3. Flexible Working Scenario Simulation

The flexible working scenario simulates travel demand in that x% of the agents can
perform flexible working, defined as the percentage of the flexible population (FP), which
assumes that agents have choices to do remote work from a co-working space before
or after going to work at the office. This scenario is created by modifying the agent’s
activity-travel plan of the BAU scenario without changing the home and office locations
and keeping the same work hours and home activity hours. The framework of the flexible
working scenario is shown in Figure 5.

Input ;
Agent's plan .
(from BAU) Point of Interest Transport Network
100-x % x% of flexible population (FP)
Activity-travel plan change
by flexible working Flexible working plan Assuming
creating ~ :
(as the optional plans) So-Avocking speces
i
Diminishing Decision model
parameter —  for co-working space -
(a: alpha) selection Set of co-working spaces
Flexible working scenario | pian option 1 Plan option 1,2, 3
Non flexible working agents Flexible working agents
| ]
Simulation !
MATSim

Figure 5. The framework of the flexible working scenario simulation.

3.3.1. Creating Plans of Flexible Working Space and Time

Figure 6 shows the three options of activity-travel plans assigned for flexible popula-
tions, which are 9-to-5 working (option 1), flexible working in the morning (option 2), and
flexible working in the afternoon (option 3). For options 2 and 3, the work hours (initially
100% in BAU) are split into two parts: 30% remote working at a co-working space and 70%

working at the office.
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Working at office

Figure 6. Daily activity-travel plan options for flexible population.

for each agent is 2 h and 22 h for all plan options.

The departure time of the first trip is the same as the original BAU plan. The time gap
sparing for trips is set as follow:

A trip between home and office trips is set to 50 min (for option 2 and 3)
A trip between home and co-working space is set to 20 min
A trip between office and co-working space is set to 50 min

Therefore, the total sparing gap for daily travels and the total activities hours in a day

3.3.2. Assuming Co-Working Space Locations

()

in the case of 200 clusters; (b) assumed co-working space locations (200 locations).

Since currently, there is no widespread development of public co-working spaces
in Bangkok and its vicinity, the locations of co-working spaces are assumed based on
residential POI data by applying the k-mean clustering method to assign a co-working
space locations (Figure 7a). In this study, three sets of co-working space locations with
different number are generated—i.e., sets of 200, 500, and 1000 locations. For example, in
the case of 200 potential co-working spaces, their locations are shown in Figure 7b.

(b)

Figure 7. Assuming co-working space locations by k-mean clustering of residential POlIs: (a) the example of POI clustering



Sustainability 2021, 13, 6547

12 of 19

3.3.3. Decision Model for Co-Working Space Selection
The probability of person or agent k selecting a co-working space j (Pz,‘wsj) is determined
by Equation (1), that is similar to a multinomial logit model, where the utility of co-working
space j to person k, is attributed by the Euclidean distance between person k and co-working
space j, dk,cws]- and way is a parameter for the specific person k. In this paper, the parameter
« is experimented for different values of 0.5, 1.5, 3.0, and 5.0.
1 _
Pk — e akdk,cws]v (1)

C’(US]‘ 7‘Xkdk,cws :
]- ]

3.4. Evaluating Effects of Space-Time Shifting

3.4.1. Traffic Congestion

Equation (2) shows the calculation model of congestion level of road network where p;
represent the congestion level at the time t where v fFi and v; ; denote the free-flow speed
and the actual speed at the time f for road segment i; d; and D represent the length of road
segment i and total length road network.

1 = v —
=15, <di'vff,i @)

3.4.2. Quality of Life (QOL)

The QOL evaluation in this study focuses on travel-specific QOL (T-QOL), considering
only route conditions. The QOL of person k (QOLy) is the exponential decay function of
total generalized cost of daily travels, where Cy T is a generalized cost for trip T and Nr is
the number of trips in a day, as expressed in Equation (3).

T=Nr
QOLy = exp (—’Y' ) Ck,T) 3)
=1
f=N¢
Crr= ), WipXry 4)
=1

where Wy ¢ is the unit cost value of factor f in perception of person k and X7 ; is the level
of factor f of trip T. The diminishing constant v is estimated by the assumption that QOL is
0.5 when travel time and travel distance are equal to the average of person-trip data [60,62].

Table 4 shows the considered QOL factors and its generalized cost parameters in this
study. The generalized cost of travel time estimated by OTP in 2010 [63] is applied and the
cost of travel distance is estimated based on the government assessment of expenses rate
per kilometer, which is 4 baht per kilometer for car travels.

Table 4. Quality of life factors and its generalized cost parameters.

Category Factors Values Unit
T-QOL Travel time 1.19 Baht/minute
(Route impedance) Travel distance 4.00 Baht/km

3.4.3. CO, Emission

Equation (5) shows the estimation model of daily CO, emission where E(v; ;) is the
average emission rate per distance as a function of travel speed, in which this study employs
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the model developed by M. Barth and K. Boriboonsomsin (2008) [35]. N;; represent the
number of vehicle flow between time t — 1 and ¢, and i denote the road segment index.

t=24i=]
COr= ) ) di-Nii-E(vy, ;) ®)
t=1 i=1

4. Results
4.1. Space-Time Distribution of Traffic Congestion

Figure 8 shows the traffic congestion level by time of the day comparing BAU and two
scenarios of flexible working represented by blue, red, and green lines. The flexible working
scenarios are tested at 100% flexible population (FP) and 500 locations of co-working spaces.
The diminishing parameter (x,alpha) is varied for 0.5 and 3.0 to examine the implications.

Traffic congstion level +BAL
-+-Flexible working (FP =100%, Ncws = 500, alpha = 0.5)

A #-Flexible working (FP =100%, Ncws = 500, alpha = 3.0)

e

o

\

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Time

Figure 8. Impact of space—time shifting of agent’s activity-travel on distribution of traffic congestion in time dimension.

As a result of the simulation, both flexible working scenarios have lower peak traffic
congestion during the morning and evening rush hours and slightly increase the congestion
level in the late morning and early afternoon resulted from travel time shift of some
population that perform activity-travel plan option 2 and 3. Also, the increasing alpha
parameter results in reducing traffic congestion level.

Figure 9a shows the spatial distribution of morning peak congestion of Bangkok
focusing on the city center. From this result, we can observe that main roads entering the
city center have heavy traffic congestion during the morning peak-hour in the BAU scenario.
In term of Figure 9b, the difference in traffic congestion level between the flexible working
scenario and BAU scenario is illustrated. The green color represents traffic congestion
reduction, and the red color represents traffic congestion increase. Considering the six
examples of the main roads represented by numbers and bounded by blue dashed lines,
The space-time shift by flexible working results in greater mobility on Vibhavadi Rangsit
Road (No. 1) and Ramkhamhaeng Road (No. 2) obviously. Sukhumvit Road (No. 3), Rama
II Road (No. 4), and Phet Kasem road (No. 5), are partly more congested.

The locations of co-working spaces are one of the factors influencing the traffic sit-
uation of the flexible working scenario. Considering Rama II Road (No. 4) and Phet
Kasem road (No. 5), we can observe that the traffic congestion is worsen around the co-
working space locations. Therefore, the allocation of the co-working spaces needs further
comprehensive analysis to obtain maximum benefit.

4.2. Effects of the Proportion of Space=Time Flexible Population

This section discusses the implication of the work-life shifting, from 9-to-5 working
style to flexible working, on QOL and the CO, emission by comparing different diminishing
parameters («, alpha). Figure 10 reveals that the increase of flexible population can increase
average QOL and reduce CO, emission significantly.
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Figure 9. Impact of space-time shifting of citizen’s activity-travel on spatial distribution of morning peak traffic congestion
(8 a.m.): (a) spatial distribution of traffic congestion level of BAU scenario; (b) the difference of traffic congestion level
between BAU scenario and flexible working scenario (at 100% of FP, 3.0 of alpha, and 500 locations of co-working space),
where the black triangle markers represent coworking space locations.
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Figure 10. Effects of change in flexible population: (a) average quality of life (QOL) as a function of flexible population
level; (b) average CO, emission as a function of flexible population level.

It is found that the value of alpha parameter affects QOL and CO, emission because
it is the diminishing effect of travel distance in the decision model for co-working space
selection. In the other words, the level of quality of life and CO, emission are dependent on
travel distance. The alpha parameter may be interpreted as the awareness level of the effect
of travel distance on QOL and CO; emission in a specific ratio. Therefore, it is considered
as an awareness parameter in this study.

4.3. Effects of Increase in Co-Working Spaces Available

Figure 11 shows the result of a varying number of co-working spaces with a constant
flexible population by comparing low awareness level case (alpha = 0.5) and high awareness
level cases (alpha = 3.0). The growing number of co-working spaces results in the QOL
increase and CO, emission reduction. In terms of awareness level, it has a strong influence
on the degree of QOL improvement and CO, emission reduction.
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Figure 11. Effects of change in the number of co-working spaces: (a) the effect on average quality of life (QOL); (b) the effect

on average CO, emission.

Besides the co-working allocation issue mentioned previously, many co-working
spaces with widespread distribution enhancing the ease of accessibility can lead to the
lifestyle shift to flexible working by 200, 500, and 1000 locations of co-working space can
induce the flexible population to perform activity-travel plan option 2 and 3 (Figure 7) up
to 40%, 45%, and 46%, respectively (the case of alpha = 3.0).

5. Discussion
5.1. Can Space-Time Shifting of Activity-Travel Practically Solve the Peak Traffic Congestion?

Obviously, the simulation results show that flexible working can mitigate peak traffic
congestion significantly, as shown in Figure 8. However, it is still limited under many
assumptions creating a gap between reality and simulation. Therefore, the potential of
flexible working in practice to solve traffic congestion is discussed in this section.

Flexible working, in practice, may mitigate traffic congestion more than what the
simulation shows. In the simulation, only three activity sequences are defined, as shown
in Figure 6. The result shows that increasing the number of activity sequences from
one sequence (BAU scenario) to three sequences (flexible working scenario) can mitigate
peak-hour congestion by equalizing travel demand throughout the day. Practically, there
are more various activity—travel patterns that can be created than defined sequences in
simulation. This implies that flexible working can cause a better distribution of travel
demand in the time dimension.

However, more various activity-travel patterns may create more activities and travels
in a day, causing a higher average travel distance of individual. Consequently, this situation
may worsen the levels of QOL, CO, emission, and also traffic congestion, which the degree
of worsening depends on people’s awareness of QOL and CO, emission. Therefore, apply-
ing ICT to stimulate people’s awareness by providing information and recommendations
is an important issue.

The locations and amount of existing co-working spaces may not enough and have
well distribution as the simulation. There is likely to be concentrated in the city center
or a prosperous district. This may not reduce traffic congestion as expected because of
the narrow distribution of activities in the spatial dimensions. Therefore, co-working
space allocation is an important factor in distributing activity /working locations, avoiding
concentration in the city center. For implementation, it is important to analyze the potential
locations of remote workplaces or co-working spaces further to realize the implications
on travel demand distribution in the spatial dimension. These measures would affect the
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spatial structure of whole urban activities and consequently traffic situations [64]. Our
approach can examine the impacts not only on the specific locations or activities, but also
on the metropolitan-wide transportation level of service and its temporal variations.

5.2. QOL-MaaS: The Extended MaaS Concept for Space—Time Shift of Activity-Travel

Reforming people’s daily activity-travel to achieve sustainable transportation needs to
balance both people’s utility and the burden on the ecosystem [65], which presents in the
aspect of the QOL and the CO, emission in this study. Although applying flexible working
results in a better quality of life, whether the level of awareness parameters is high nor low
(as shown in Figure 10a), there is the possibility of negative consequences in the ecosystem.
The flexible working with inefficient activity-travel planning can worsen the CO, emission,
which the level of awareness parameter can infer the efficiency of activity-travel planning.
According to Figure 10b, CO, emissions tend to increase in the situation of low awareness
case (alpha is 0.5). Therefore, it is crucial that flexible working should be applied together
with measures or strategies to prevent the worst case of awareness level and to achieve
optimal benefits for people and society.

Basically, the MaaS concept aims to shift the transport modes from private to public.
For countries with good public transport infrastructure, providing convenience for people
such as trip information, integrated payment, and integrated transport services may poten-
tially shift people to use public transport. However, the conventional Maa$S concept focuses
mainly on trip-level, which Maas$ left people to plan their daily activities and travels as
convenient. In the future, when people have more flexibility, the ecosystem may face the
risk of CO, emissions increasing from inefficient daily activity-travel planning. Therefore,
extending MaaS to serve in the level of daily activity-travel, as the high awareness planning
tool, will take a role in managing and balancing the benefit between people and ecosystems.

Of course, this QOL-Maa$S approach should be incorporated with the enhancement
of transportation infrastructure and services, as well as the spatial structure of travel
activities. Statistically, the viability of public transport operation is shown to be higher as
higher the population density is [66], then it would afford an opportunity to invest in the
transportation systems. That would change the locational value and induce development,
which would again change the transportation demand [67]. The potential of QOL-MaaS
would be further enhanced in coordination with these traditional urban and transportation
planning and policies.

6. Conclusions

This paper reveals that the space—time shifting of activities and travels can mitigate
hyper-congestion in Bangkok, which MaaS concept should be extended to cover this
space—time shifting strategy.

We propose the QOL-MaaS concept as the extended MaaS to induce space-time shift
of activity and travel, supporting the new-normal of flexible working. This study examines
the impact of a flexible working scenario in several cases on traffic congestion, quality
of life, and CO, emission by comparing it with the BAU scenario. The three factors of
flexible working scenarios are tested, which are: (1) percentage of the flexible population,
(2) awareness level of citizen, and (3) the number of prepared co-working spaces.

The analysis found that the increase of the flexible population can mitigate peak-
time traffic congestion and enhance people’s quality of life. The increasing number of
co-working spaces also results in a higher quality of life and lower CO, emission. However,
flexible working may induce more travel distance, worsening emissions if the population
has a low awareness of social burden.

Therefore, to achieve sustainable transportation for the new-normal of flexible work-
ing, strategies or methods to convince or manage people to perform the daily life with a
high awareness on the quality of life and CO; emission should be developed. The QOL-
MaaS concept is one of the strategies aim to reform people’s daily lives by recommending
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daily activity-travel plans and mobility services with high awareness of the quality of life
and ecosystem.
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