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This paper focuses on the potential role of Flexible Transport Service (FTS) in low and dispersed demand
area. In Japan, after the deregulation in 2002, some mass transit companies left from bus services in local
areas. This causes problems to some older people and disabled people with difficulties on traveling in rural
areas. To meet these needs, the term demand responsive transit (DRT) has been increasingly applied be-
cause it can provide passengers with alternative options on route, schedule, at a lower operating cost com-
pared to the infrequent fixed route local public bus services. DRT needs, however, a quite large subsidy for
the low density area and is not so popular for elderly people because of it’s level of service. On the other
hand, Taxi Subsidy Scheme (TSS) that subsidizes on the taxi fare is being carried out widely by local
authorities in Japan to support the special groups’ transport needs. In this research, we aimed to examine
the role of taxi subsidy system from the relation with on demand ride-sharing taxi in depopulated area.
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1. INTRODUCTION

A flexible public transportation service is a general
term which describes a range of arrangements that are
typically used in local public transportation. FTS is
defined as a transport service which has some flexible
characteristics on route, vehicle, schedule, and pas-
senger and payment system"). In the public transpor-
tation service, this competes with the traditional type
of service which comes along with a fixed timetable,
fixed route, and fare, and scheduled drivers with ve-
hicles on a regular basis. FTS system usually use
Travel Dispatch Centers (TDCs) to deal with the
booking and reservation process®. This device has
the ability to arrange passengers to vehicles and
schedule the time.

When we look at the previous time of FTS?, there
were door-to-door Dial-a-Ride services (sometimes
called as Special Transport Services - STS) in the
past. This service was provided for restricted groups

(usually the disabled and elderly). Customers must do
the telephone booking some days in advance before
they plan to travel so that the manager would arrange
the service manually the day before the trip.

Recently, Flexible Transport Services have been
playing vital rule in several European cities as well®,
areas and regions with advanced interest and benefits
as a creative supplementary solution to the tradi-
tional, fixed passenger transport service. Especially,
these types of flexible transport services become an
optimal method for low density population regions
where demand service hour is low, in addition to this,
target users are also disassembled among the special
groups such as elderly, disabled people and students
and tourists.

Implementing of FTS in rural areas may be the op-
timal solution for current state of rural areas transpor-
tation, but there are still some challenges to be con-
quered?. Compared with fixed, conventional ser-
vices, low demand rate also seems to an obstacle to
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cause insufficient service provider in dispersed rural
areas. Another factor that challenges the present situ-
ation of transportation for these regions, is that local
authorities often have funding barriers. And that
would be a reason for many services in rural areas or
areas of low demand have been stopped from service
since the level of subsidy requirement is too high to
satisfy within the set of competing requirements.

Now, the worldwide nation’s population is enter-
ing the aging society. The dramatic change on the
population will cause new challenges for the provi-
sion of transportation services. In low density, rural
areas, infrequent fixed route public transportation is
not able to meet the need of special groups such as
elderly who don’t have driving license or fear to drive
and disabled people. FTS plays an important role for
improving the social inclusion where demand is low
and often spread large area.

In Japan, after the deregulation in 2002, some mass
transit companies left from bus services in local ar-
eas. This causes problems to some older people and
disabled people with difficulties on traveling in rural
areas?. Demand responsive transit (DRT) are being
introduced in some rural areas of Japan as being one
of the solutions among FTS. DRT needs, however, a
quite large subsidy for the low density area and is not
so popular for eldrly people because of it’s level of
service. To meet these needs, Demmand Share-Ride
Taxi system is also introduced which uses normal
taxi vehicle and TDCs to match demand of people.

On the other hand, Taxi Subsidy Scheme (TSS)
that subsidizes on the taxi fare is being carried out
widely by local authorities in Japan to support the
special groups’ transport needs. TSS supports the
transport costs for limited groups who have difficul-
ties on utilizing public transport service because of
their physical weakness. This types of service affords
community members with general social inclusion
and participation of social activities.

According to the statement of Ishio et al.®, the
taxi subsidy scheme which is currently runned in ja-
pan is also classified into the following three types.

1. Elderly type — this type refers to the condition of
people who is at the age of 70 or over.

2. Welfare type — this type refers to the condition
of people with disability regardless of age.

3. Integrated type — this type refers to a type that
integrates both elderly and welfare type.

The taxi fare subsidy system was developed un-
der the charge of welfare department of the munici-
pality. To provide limited number of people who ex-
perience profound difficulties using other modes of
public passenger transport, a fixed number of tickets
per year are provided which can use as a part of pay-
ment when they take taxi. In depopulated areas, taxi
fare subsidy system is mainly used for outpatient visi

ts and shopping etc. However, there are restrictions
on the number of times of use per year, and it cannot
deal with the high frequency movement of demand.

However, the number of these types of rural areas
where the public transportation is not efficient, in ad-
dition the efficiency of on-demand ride sharing is
also low is increasing, which shows the pressure need
for satisfying the sustainable mobility of community.

On demand ride sharing taxi is a mobility service
that combines the features of both taxi service and lo-
cal bus service like providing door-to-door service,
sharing together with other passengers at fixed fare.
In the following, we address it DRST as abbrevia-
tions.

Therefore, this study aims to clarify the character-
istics of taxi subsidy system based on its potential
role for going out, and also to examine the role of taxi
subsidy system from the relationship with on-demand
ride sharing taxi in low density areas.

Specifically, in order to show the actual situation
for implementation of taxi subsidy system in depop-
ulated areas, we compare the scope of the target per-
son and the level of subsidies with the taxi subsidy
schemes.

2. EXISTING RESEARCH AND PURPOSE
OF THIS STUDY

According to the statement done by Nelson et al.”,
Finland and Belgium adopted DRT into their main-
stream public transport system for its citizens who are
over 65. From these experiences, the both countries
found that it is very important for government to con-
sider about the quality of life of its elderly citizens
and the ability to live independently. Also, it is not
difficult to find that, with the help of latest technolo-
gies like Travel Dispatch Centers (TDCs), Auto-
mated Vehicle Location (ALV), FTS service is able
to satisfy the large number of requests of people and
cars.

While such provision is common in economically
less developed countries where institutional and/or
land use factors prevent conventional buses from
meeting demand, in the UK and Western Europe as a
whole such flexible transport options have largely
been focused on meeting the needs of mobility im-
paired passengers’).

There are particular market niches, which cannot
be served without the ability to provide a flexible
transport solution. In particular, some user groups re-
quire door-to-door DRT provision to access the ser-
vices that they require. Overall, expansion of DRT
provision is an essential aspect of improving accessi-
bility in Scotland®.

In Japan, although there are many existing studies
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on demand ride sharing taxis and community buses,
but there are few studies on taxi subsidy schemes
from the viewpoints of rural transport planning be-
cause this schemes were developed under the charge
of welfare department of the municipality as men-
tioned.

A research by Hayakawa® in 2004 compared FTS
systems and showed that demand type taxi is the
mainstream for region with a population of over
6,000. But for population under 6000, and additional
situation if there is no taxi operator, a kind of private
car service without taxi licence, called
“jikayo_yusho” in Japanese provided by local resi-
dents is welcomed. However, if taxi operators exist,
they consider the implementation of taxi service with
subsidy for users. For example, Bicchu town of Oka-
yama prefecture (population approximately 2000) in-
troduced paid transportation by private cars as “wel-
fare transfer service”, and Nega village of Nagano
prefecture (population approximately 900) adopts the
demand ride sharing taxi service.

According to other Hayakawa’s'” research,
Tatebayashi city of Gunma prefecture (population
approximately 78.000) and Omachi city of Nagano
prefecture (population 29.000) also introduced taxi
subsidy scheme to the elderly with the elimination of
the bus service. In these two cities, elderly people
were supported by distributing taxi tickets, but the
pressure on municipality and users increased. This re-
vealed a fact that bus service is more efficient than
taxi subsidy system, which caused the restart of bus
service in these regions. However, Hayakawa said
that taxi subsidy system makes a certain sense be-
cause some elderly people has the difficulty to access
to the bus stop.

Meanwhile, according to another research done by
Moriyama 'V, demand ride-sharing taxi seems not to
be economical because of cost for the reservation op-
eration. In fact, sometimes it is necessary for driver
to wait for customers, which is costly. In addition to
this, reservation problems also form barriers for older
people. In this way, proper introduction, especially
the policies including taxi utilization would be vital
in considering the local condition in depopulated ar-
eas.

Ishio et al.” evaluated the characteristics of taxi
subsidy systems introduced in 57 local authorities,
the expenditure per user annually is high at 20,000
yen on average and 40,000 yen at the maximum, but
in the elderly type it is as small as 7,000 yen on aver-
age, 19,000 yen at maximum, even in the case of in-
tegrated type The average is 9,000 yen. The necessity
of covering the target people increases the require-
ments for the content of the service.

Ishio et al.® also conducted an online survey of
1000 samples as well to evaluate taxi subsidy systsme

from the viewpoints of taxpayer’s side. In the ques-
tionnaire about people’s opinions on this service, ap-
proximately 30 to 40% said “basically good”, 8% or
less said “no need”. People prefers taxi fare subsidy
scheme for elderly people with less amount of pay-
ment by government, they also agree to secure
enough mobility of persons in difficult situation.

From these results, they proposed that taxi subsidy
system would be more optimal for government than
on demand type service according to the operation
cost in depopulated areas. It is not still clear, how-
ever, what the conditions of characteristics of rural
areas is need for the adopt of taxi subsidy system by
local government.

Considering the above previous studies, this study
aims to examine the role of taxi subsidy system from
the relation with on demand ride- sharing taxi from
satisfying the demand of special groups in rural, dis-
persed population areas.

3. THE COST ANALYSIS OF TAXI
SUBSIDY SYSTEM AND DEMAND RIDE
SHARING SERVICE

(1) Outline of operating cost for simulation model

In this study, a simulation model is developed to
estimate the operating cost of taxi subsidy system and
on demand ride sharing taxi service, which consider
the sharing ratio according to population density. In
general, for the evaluation of mobility services, the
satisfaction level and payment of users, and manage-
ment by supplier and operation cost by local govern-
ment are to be considered. In this research, the au-
thors focus on the operation cost by government con-
sidering as funding barrier of FTS.

(2) Creating the targeted model area

Sana-gouchi village in Tokushima Prefecture is
chosen as a targeted model area, spreading virtually
from center to suburbs. The image of village area is
shown in Fig.1. The village is consist of 16 areas of
two grids of 1 km square, the population density de-
creases as going from the center to the outside. Ac-
cording to the actual situation of Sana-gouchi village
in Tokushima Prefecture, we assumed the population
of each areas as model A, and in order to evaluate the
effect of demand size, we assumed population model
B which is created by multiplied A by 5.0. The pop-
ulation of each model by area is shown in Table 1. In
this study, mobility support service is provided for
the trips of residents moving from each area to the
center.

(3) Assumption for targeted people
The population ratios of four target groups for the
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High density

Table 2 Estimated ratio of target group of FTS.
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Fig.1 Model region for simulation analysis. 20 years old and older NPA 2012
T4 R 21%
non driver licence holder

Table 1 Assumed population of model village.

Disabled : people who have issued Physical disability certifi-

mobility service are estimated, shown in Table 2. In
these cases, it excludes students commuting for
school. On demand ride sharing taxi targeted people
whose age is over 20 and without driving license co-
vers about 21% as marked T4. T4 is shown to make it
clear for the explanation of case of expanding the targets
of TSS.

In this simulation, we only adopted T1, T2, and T3
for simulation study case in order to focus on the
planning for the mobility of elderly people. The sub-
jects of taxi subsidy system were such persons like
disabled people (the one who have issued Physical
disability certificate by the Act on Welfare of Physi-
cally Disabled Persons), “old” elderly (over 75
years), and “young” elderly (aged 65-75 years). They
are marked T1, T2, T3 in the Table 2, and the popu-
lation ratios of these subjects are estimated to be 4%,
9% and 14% respectively.

(4) Case setting for service sharing by area
Regarding the target ratio of on-demand ride shar-
ing taxi and taxi subsidy system, the scope of each
subject was determined by the area described above.
However, the residential area of 16, the central
area supported by taxi service is excluded. The distri-

- P lati . .
Aera Ratio of oppaten cate by the Act on Welfare of Physically Disabled Persons
population Model A Model B
1 0.11% 3 15
2 0.32% 9 45 Responsibility Case
3 0.54% 15 75 211123 [a[5]6]7|8[9[10]11][12[13[14][15]16
o -10]O|0|O0[0|O[O]|O|O[O]O|O|O[O|O
4 0'87'? 24 120 -1 -10]0|O0|O[O[O|O|O|O|O|O|O|O|O
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6 1.62% 45 225 - -1-1-]10[O[O[O[O|O|O|O|O|O[O|O
P 5 |-]-1-1-1-10]0]|0|0[O0]O|O|O|O|O|O
L 1.84% o1 255 6 |-[-[-[-[-[-loloJololololololofo
8 2.38% 66 330 7 -[-I-1-[-[-I-lolololololo|olo]|o
9 2.74% 76 380 8 ————————08888888
9 - - - - - - - - -
10 4.15% 115 575 T T e T T - Tolelolotolo
11 6.21% 172 860 1 l-1-l-1-1-1=-T-1T=-1T=T-1T-Tolololo]o
12 8.84% 245 1225 12 [-[-[-[-T-T-T-T-T-T-T-T-Tofo[ofo
13 11.66% 323 1615 e e 1 e e e e Y B B T
14 16.17% 448 2240 -———————————————o
15 18.41% 510 2550 [O1:Responsible by TSS [—]:by DRST
16 22.96% 636 3180
Total 100.00% 2770 13850 Fig. 2 The distribution of mobility services by area.

bution of mobility services by area was set as shown
in Fig.2.

In Case 1, on demand ride- sharing taxi service
supports all areas except the central area 16. In Case
2, supporting area 1 with a taxi subsidy system and
the rest of the area is supported by on demand ride-
sharing taxi. In Case 3, the scope of the taxi subsidy
system is expanding. In Case 15, demand ride-shar-
ing taxi only runs in the central area, the remaining
areas are supported by taxi subsidy system. And Case
16, supporting all areas with taxi subsidy system ex-
cept the central area.

(5) Assumption for required travel distance of
demand ride-sharing taxi

In order to support the mobility of local residents
in the area by demand ride-sharing taxi, the distance
of necessary traveling route was estimated. Here, we
adopted the level of service for public transport that
is over 70% of the households in the area were pro-
vided access to the DRST within 200m operation
route considering the catchment area for elderly peo-
ple.

For the estimation, 20 districts with different den-
sity of buildings in Tokushima prefecture were chos-
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en randomly, an operating route satisfying the above
conditions was created, and the distance was measur-
ed. As shown in Fig.3, when the density of the build-
ing is low, the necessary route length varies from
short to long, but when the density of buildings be-
comes high, the length seems to be close to the max-
imum route length. However, the average length of
necessary route extension in 1 km square mesh does
not vary to the density of buildings as shown in Fig.4,
so we adopted the total average value of 1.84 km for
1 km square as the necessary route length of DRST.

(6) Taxi auxiliary ticket utilization rate

When setting the simulation model, it is not realis-
tic that everyone uses the maximum amount of sub-
sidies. For that reason, by using the differences be-
tween (1) average value of usage rate for elderly type
(ratio of used number to number of delivery) and (2)
the average value of “Annual subsidy amount in case
of using the maximum possible amount” and the av-
erage value of “municipal expenditure per targeted
person” in the elderly taxi subsidy system, it is known
that there were two patterns of usage rate of taxi sub-
sidy system.

Based on the Ishio et al.’s previous survey® of the
existing taxi subsidy system, the mean value of the
usage rate of the number of tickets (the ratio of the
number of used sheets to the number of delivery
sheets) is 48%. On the other hand, the amount of sub-
sidy at the maximum use of time and the mean value
of usage rate subsidized by municipal government
was only 9%. The difference of these values means
that people who have taxi tickets use taxi at lower
fare than maximum subsidy fare. From these results,
in the taxi subsidy system, the utilization rate out of
48 annual subsidiary times was assumed in two cases
of 48% and 9%.

(7) The utilization rate of demand ride-sharing
taxi
For on demand ride sharing model, the unit price per
km was set at 220 yen / km from the reference of
value of welfare paid transportation. In addition,
from the community bus assessment index by Hyogo
prefecture12) of March 2008 listed in the appendix,
the relationship between the usage rate and operation
frequency is calculated from the utilization rate of
number of service of lowest line operated per day
compared to the actual number of service operated
per day (those whose usage rate is very close to 0%
are excluded). As a result, the utilization rate was
0.625%, and the daily frequency was 3.75. However,
this usage rate indicates the number of users for the
population along the service route. Therefore, in this
study, since the ratio of non-driving license holders
who over 20 years old is 21% shown in Table 2, and
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Fig.4 The required travel distance per area.

the utilization rate is multiplied by 5 and about 3% is
used in this study. As for the service frequency, it is
assumed that four times in a day as well as twice a
week is considered as the lowest line, and 384 times
annually.

(8) Estimation for operation cost for taxi subsidy
system

The amount of grant for taxi subsidy system was
set to 3 patterns of 60 yen, 100 yen, and 140 yen per
km. This means that the unit price per km of taxi is
200 yen, supporting 30%, 50%, 70% of the amount,
and the remaining amount is supposed to be paid by
user. As for the travel distance, it was set to 1.84 km
which is the same as the required travel distance of
the on demand-ride sharing taxi. The number of sub-
sidies is, once a week, 48 times a year.

The estimation formula of the operation cost by lo-
cal government is as follows (1).

ZXizdtiXprntxurxpti (D
i

Here

X;: annual operating cost of TSS forareai ( Japanese yen)
dt;: Service distance from area i (distance to the center x 2)
sp: Subsidy per km (yen / km) — 60, 100, 140 yen
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nt: Annual distribution number of taxi tickets — 48
ur: Utilization rate (%) — 9%, 48%
pt;: Number of targeted people in area i (people)

(9) Estimated operating costs for demand ride-
sharing taxi

The unit price for on demand ride-sharing taxi was
estimated at 220 yen / km from previous study '?. It
was supposed that the number of service is 4 times a
day, twice a week, 384 times a year as a minimum
service level that users can see. The fare paid by the
user was set to three patterns, one ride 100 yen, 300
yen, 500 yen, which are seen commonly.

The estimation model of the operation cost by local
government is as follows (2).

Z}’i:dSiXCSan—stqu psi (2)
i

Here

v;: Demand ride sharing taxi operation cost to area i (yen)

s; : Service distance from area i (distance to the centerx2)

cs: Travel expenses per km — 220 yen / km

ns : Annual number of operations — 384 times / year

f's: Demand ride taxi fare —100, 200, 300 yen / times

us: Utilization rate of demand ride sharing taxi — 3%

ps;: Targeted population for demand ride sharing taxi for
area i

(10) An example of estimation

As an example, we show the simulation results of
the target group case T2 when the supplementary
amount of the taxi subsidy system is 60 yen and the
usage rate is 9% and the fare of the demand-coupled
taxi is 500 yen in the population model B. The results
are shown in the Fig.5. This figure shows the cost of
DRST (violet line) , TSS (green line) separately, the
total cost of DRST and TSS (orange line), and the
ratio of service area to whole village (red line), ac-
cording to the percentage of targeted people by
DRST for the responsibility cases formed as Fig.2.
The red point on the orange line indicates the lowest
total cost of both DRST and TSS for this case. This
optimal operation shows that DRST covers about
91.61% of'targeted population with service, however,
the service area of DRST is only 56%.

(11) Simulation results

In the simulation performed for each patterns, the
lowest case would be the optimal ratio among the to-
tal amount of each case for both taxi subsidy system
and demand ride-sharing taxi.

Table 3 summarizes the simulation results of each
pattern performed this time. This table shows, for ex-
ample, that it is optimal for operation cost to use TSS

30 1 100%
Ratio of service area by DRST 5L 15%
] S
T° 25 e 50%
2 . 31% 38%.
g—',- 13% % — S 25%
5 %
320 T 0%
0
,8, Lowest total cost point ;
. i)
—§~ 15 |(DRST share=96% population, 56% area )‘ [ §.
5 Total Cost \ 8
= \ 2
Os; 3 o
3 =
>y TSy g
8 5 z
3 2
Cost of DRST a

0
0% 20% 40% 60% 80% 100%
Percentage of targeted poeple for DRST(%)

Fig.5 Total annual operating cost for the proportion of target
users in DRST.

Table 3 Simulation results.
Optimal Resposibility Patern by DRST and TSS

TSS Model A [
target |Fare for Taxi_subsidy system
DRST

Model B

Utilizatio
n ratio of

Tss | &P
case

T

200~
500

9% T2

DRST=801~96%

T3

T1

48% T2

T3

for 100% in population in the conditions of blue
boxes, but to use DRST for more use than 98% in
population in the conditions of red boxes.

From Table 3, the factors which influence the de-
mand operation service ratio are the usage rate of taxi
subsidy system, the population of targeted people,
and the amount of grant and the ratio of targeted sub-
jects of taxi subsidy system.

Among them, it was found that the utilization rate
of the taxi subsidy system and the population of the
targeted people have a particularly great influence on
the demand operation service sharing ratio. On the
contrary, there is no change finding with the situation
in which the fare is at 200 yen / times, 300 yen / times,
500 yen / times. Therefore, these results shows that a
factor of fare for a demand ride sharing taxi have a
little effect on the demand operation service sharing
rate.

Also, in this simulation, the scope of the targeted
people of the demand ride-sharing taxi was 80% or
more when 0% was excluded. As you can see from
the table 3, two patterns of utilization rate of TSS 9%
and 48% is given, and also the model area is sepa-
rated into A and B. For the depopulated area like
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model A, it is better to support the area with taxi sub-
sidy system, in that case the utilization rate of taxi
subsidy is 9%, achieving the operation cost in low
level. On the other hand, with 48% utilization rate of
taxi subsidy, on demand ride-sharing taxi should
cover the more than 80% of targeted people. For
model area B, with the increasing number of targeted
people, it is better to support more than 80% of tar-
geted people with DRST and supporting the remain-
ing people with taxi subsidy system, in this way it can
be achieved at lowest cost.

4. CONCLUSION

From the simulation results, it can be found that
there are 4 reasons that affect the ratio of sharing re-
sponsibility by DRST, they are the utilization rate of
taxi subsidy system, population of targeted people,
amount of grant and the target ratio of taxi subsidy
system. Among them, the utilization rate of taxi sub-
sidy system and population of targeted people have a
big impact on the ratio of responsibility by DRST. On
the contrary, the different level of fare of DRST has
no any impact on the ratio of responsibility by DRST.

From the operation cost simulation, we learned
that the utilization ratio of TSS has a great influence
on the sharing ratio of DRST. There are two patterns
of utilization ratio of taxi subsidy system, 9% and
48%. With 9% of ratio, the operation cost in a lowest
level is achieved by two patterns. For low density
area like model A, it is better to cover all area with
taxi subsidy scheme. For areas like model B; five
times of population of Model A, to provide more than
80% targeted people with DRST, and cover the re-
maining part with TSS is better.

Regarding to the policy for Sanagouchi Village as
the simulation population model A, it is clear that taxi
subsidy scheme has advantage of operation cost for
most of utilization assumption cases.

The examination process proposed in this study
could be applied to the planning of the operation cost
of flexible transport system for depopulated areas in
Japan, and it would contribute the creation of discus-
sion on the joint policy of transport and welfare in
municipality as well.

There remain several problems for calculation of
operation cost. Refinement of the simulation models
should be discussed in the future study, for example,
to introduce the evaluation from the viewpoints of us-
ers as well as from operators.

Especially, it has been noticed that people tend to
have more different travel expectations and unpre-
dictable travel behaviors which is different from the

previous time. They expect more flexible and person-
alized service from the mobility providers, otherwise
they will be excluded from social community and it
will be the reason for causing several health prob-
lems. This is also future study for the evaluation from
the viewpoint of welfare benefits.
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