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Abstract

Ride-sourcing refers to a transportation service where private car owners make their own car
available for public hire for passengers. In recent years, ride-sourcing market has been growing
rapidly and became a huge market. Nevertheless, unlike the traditional taxi market, ride-
sourcing market is lack of regulation, which means that there could be some conflicts between
the platform who wants to maximize the profit and the city planner who wants to maximize
the social welfare. Therefore, regulation is necessary to achieve the balance between profit and
social welfare. One of the big issues that may caused by ride-sourcing is traffic congestion,
since the most vehicles are private cars. Therefore, it is necessary to take congestion into
consideration when establishing the optimal regulation. In this paper, the regulation for ride-
sourcing platform in terms of trip fare and commission is investigated in both situation where
congestion is considered and not considered. By comparing the two results, it can be conclude

that when considering congestion, the optimal regulation policy could be different.
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Chapter 1

Introduction

As the development of smart mobile device
and internet technology, location tracking ser-
vice becomes more reliable and convenient for
individuals to use. This brings a new kind of
transportation service, ride-souring. Matching
between traditional taxi and passengers usu-
ally based on the possibility that customers
meet an empty-crusing taxis on the streets.
Such traditional way makes the matching ef-
feciency relatively poor and lacks of comfort
since the waiting time is unpredictable. How-
ever, the appearence of ride-sourcing allows
customers and drivers to track the location
of each other so that if a customer sends a
demand from their smartphone, the platform
which run by the ride-sourcing company will
find a relatively close crusing driver to pick up
the passenger as soon as possible, which signif-
icantly raises the matching rate and efficiency.
After reaching the destination, customers will
pay trip fare to drivers and the platform will
charge a small percent of commission. Thanks

to the convenience and competitive price, ride-

sourcing service attracts many drivers and cus-
tomers.

Although ride-sourcing enjoys great success
in the last few years, some controversies caused
by ride-sourcing cannot be ignored. Unlike
the traditional taxi market, ride-sourcing has
comparatively fewer regulatory requirements
(1986) [1]. For the ride-sourcing company, the
goal is always to maximize the profit, which
may bring some issues. On the other hand,
for city planner, total social welware will be
considered in the first place, which may cause
a conflict against the ride-sourcing platform.
Previous study done by Zha, Yin and Yang
(2016) [2] indicated that without regulation,
price could be very expensive in a monoply
ride-sourcing market and they explored the ef-
fective regulation policies in terms of trip fare
in a hypothetical situation subject to the con-
straint that ride-sourcing companies are self-
sustainable.

Nevertheless, the model in the study didn’t
consider the effect of congestion which is a
rather important thing to be considered be-
cause the source of ride-sharing vehicles is
mostly private cars and taxis which are the
main cause of congestion in urban road net-
works. When ride-sourcing becomes popular

in a city, it is possible that too many drivers



are trying to make money by crusing around in
the downtown area and offer the ride-sourcing
service, which increases the congestion. Actu-
ally, New York City has already established
some regulations for ride-sharing companies
like Uber and Lyft to reduce congestion caused
by too many empty crusing vehicles. The regu-
lation emphasized that these companies should
mandate their drivers to carry a passenger at
least 69 percent of the time while operating in
Manhattan below 96th St (2019)[3]. Such kind
of regulation indicates the importance of con-
sidering congestion in the regulation making.
However, it might not be always true that re-
ducing the user of ride-sourcing is preferable
in terms of the social welfare. Since the popu-
larization of ride-sourcing can also reduce the
users of private cars, thus, subsequently reduce
the congestion. In conclusion, it is difficult to
decide the optimal regulation policy consider-

ing congestion.

In this study, the effective regulation for
ride-sourcing considering congestion in a hypo-
thetical city is investigated. In one situation,
public transportation is a substitutional op-
tion. In the other situation, public transporta-
tion is not a substitutional option. In these two
situations, the optimal regulation on the trip
fare and commission fee of ride sourcing is an-

alyzed considering congestion. After that, the

optimal regulation without considering conges-
tion is also analyzed and compared with those
cnosidering congestion. Then, based on the
result of the comparison, implications are de-
rived as to how the optimal regulation policy
is affected as congestion is considered.

The organization of this paper is as fol-
lows. Chapter 2 discusses the previous stud-
ies and their relation with this study. Chap-
ter 3 formulates the model composed of two
main parts, matching function part and cus-
tomer demands part. Chapter 4 shows the
result of numarical analysis and discusses the
properties of the optimal regulation for differ-
ent situations. The paper then concludes with
a summary of this study and the policy impli-

cations as well as the discussion of future work

in Chapter 5.



Chapter 2

Privious studies

Previous researches about the regulations
for ride-sourcing will be reviewed in the follow-
ing two sections. In the first section, studies
about the regulation for ride-sourcing market
will be reviewed. In the second section, studies

about the matching model will be reviewed.

2.1 Studies related to

regulation for ride-

sourcing

Compared with the relatively new ride-
sourcing market, taxi industry has a compre-
hensive regulation policies in many aspects,
such as fares, entry level and service accord-
ing to the report done by Frankena and Paut-
ler (1986) [1]. Researches also proved that
these regulations does not only protect the
drivers income but also reduce the external-
ity like pollution and congestion [4]. However,
when ride-sourcing company such as Uber and

Lyft appeared, the lack of regulation caused

unfair competition between cab drivers and

ride-sourcing drivers, which brought troubles
for goverment officials and legislators. Some
countries simply reject these kind of compa-
nies and treat them as illegal [2]. The others
accept the service after they regulate the ride-
sourcing market. Study by Shasheen (2014)
[5] found that although there are various laws
and regualtions, they all essentially codify the
insurance coverage, drviers background check
and inspection protocols that ride-sourcing
companies already have in place. Based on
this situation, Zha, Yin and Yang conducted
their study (2016) [2] of investigating the reg-
ulation for ride-sourcing in new aspects, service
fare and fleet size. Their study indicates that
in the monoply market, ride-sourcing company
maximizes the joint profit with the drivers. By
regulating trip fare and commision, the social
welfare could be improved. Nevertheless, the
study is based on the assumption that con-

gestion is not caused by the vehicles of ride-

sourcing.

On the other hand, some studies of the reg-
ulation in the taxi market already took con-
gestion externality into consideration. For the
work of Yang et al. (2005) [6], they use Hong
Kong as an example to show the high density
of taxi and then investigate the monopoly sce-
nario, the social optimum of cruising taxi ser-

vices in the presence of congestion external-



ity by adopting a realistic distance-based and
delay-based fare structure. As a conclusion,
they find the optimal solution is different ac-
cording to whether congestion is considered or

not, which shows the importance of consider-

ing congestion also in ride-sourcing regulation.

2.2 Matching model

The studies of taxi market were initiated
by Douglas (1972) [7] who developed the ag-
gregated model for the taxi sector. His work
had been adopted by many subsequent stud-
ies. For example, De vany (1975) [8] proposed
equilibrium solutions for different types of mar-
kets, such as monoply market and competitive
market. Most studies about taxi markets used
aggregated models with some basic assump-
tions [9]. Specifically, demand is a decreasing
function of the expected fare and waiting time;
the expected customer waiting time decreases
with the total vacant taxi-hours; and the cost
of operating a taxi per unit time is a constant.
The expected waiting time plays an important
role because it is the measure of service quality
and affects the custmoers’ desicions whether to
take taxi or not, which ultimately affects the
market equilibrium. Thus, the waiting time is
considered to be a crucial variables in many

studies.

However, some later studies, for example,
study by Yang and Yang (2011) [9], claimed
that it is not precise to express the customer
waiting time as a function of only vacant taxi-
hours. They argued that it is necessary to pay
more attention to the bilateral customer-taxi
searching and meeting relationship that char-
acterizes the real-world taxi market where the
customer waiting time is affected by both the
number of vacant taxi vehicles and the num-
ber of waiting customers. Bilateral searching
and matching are modeled by a matching func-
tion to account for time and efforts required to
look for each other, also known as the mar-
ket friction. Bilateral searching and math-
icng between agents is a topic first appeared
in economics. In economics, mathicng func-
tion is widely used to describe the time and
effort under the presence of market frictions
[10]. Mathcing function was firstly introduced
to the analysis of taxi market by Schroeter
(1983) [11]. He analyzed the services in a reg-
ulated market where radio dispatching and an
airport taxi stand are the primary modes of
operation. By applying a Cobb-Douglas type
function as matching function, Yang and Yang
(2011) [9] investigated an aggregate taxi mar-

ket with search frictions.

As the development of matching model in

taxi market, study of He and Shen (2015)



[12], Wang et al. (2016) [13] find that the
matching techonology used for radio dispatch
taxi companies is quite similar to the one of-
fered by ride-sourcing platform although that
of ride-sourcing is more effecient with a larger
matching area and more complete imforma-
tion. Thus, Zha, Yin and Yang (2016)[2] as-
sume that aggregate mathcing function is also
valid for ride-sourcing and analyze the solution

properties and general economic outcomes of a

hypothetical monopoly ride-sourcing market.

2.3 Relationship between
privious study and this

study

Although the study of Yang et al. (2005) [6]
explored the regulation for taxi service in the
presence of congestion externality, the market
friction between customers and drivers were
not considered. On the other hand, work of
Zha, Yin and Yang (2016) [2]explored the reg-
ulation policy for ride-sourcing market without
considering congestion. Therefore, the purpose
of this study is to develop the regulation pol-
icy for ride-sourcing market considering con-
gestion with the application of matching pro-

cess modeling.

In the study of Zha, Yin and Yang (2016)

2], since congestion is not considered, the
choice model consists of only two options, ride-
sourcing and other alternative modes. To bring
congestion into considerarion, it is necessary
to formulate the traffic volume as a function
of both ride-sourcing vehicles and private vehi-
cles. Then, by applying a BPR function, travel
time can be expressed as a funtion of the traf-
fic volume, which is different from the previous
study where travel time is treated as a con-
stant. Since travel time is one of the elements
that affect decision making of users, the degree
of congestion will ultimately affect the market

equilibrium.

To discuss the effect of congestion on the
regulation policy, a hypothetical city with only
two areas is considered as figure 2.1. Living
area and business area are connected by two
one-way road. People will use road 1 to go to
work in the morning and road 2 to come home
in the evening. Therefore, to make the match-
ing as soon as possible, drivers will be crusing
around in the living area in the morning and
business area in the evening, which also indi-
cates that vacant cruising vehicles are not con-
sidered as a source of congestion. Then, two
situation is considered in this city. The first
is that ride-sourcing and private car are the
only two options for transportation. The sec-

ond is that public transportations like trains



which are not affected by the road condion is
also added to the options. The optimal regu-
lation policies in these two situations are ana-
lyzed. Then, based on the result of the analy-
sis, implications are derived as to how the opti-
mal regulation polict is affected as congestion

is considered.



Chapter 3

Model derivation

The model derivation will be divided into
three parts, matching model, decision making
of the households and optimization problems
to analyze the optimal regulation policy as well

as the monopoly market.
3.1 General frame

Figure 3.1 shows the general frame of this
model. Users of transportation modes are de-
cision makers in this model and they will have
three options, public transportation, private
car and ride-sourcing. Each option has a util-
ity U based on the cost. By applying logit
model, number of users can be estimated from
the utility. And for each user, number of trips
x will be made based on the budget and cost.
After that, the number of users and their num-
ber of trips will determine the total traffic vol-
ume which related to the travel time [. If users
choose ride-sourcing, the platform will match

the user and the driver through a matching al-

gorithm. This matching process will determine

the waiting time w®. After reaching destina-
tion, user will pay trip fare F' to the platform
and platform will keep P as the commission.
Finally, drivers receive F'— P as their payment.
When considering monopoly market, platform
will always maximize their profit 7p. The reg-
ulation will be determined in terms F' and P
to achieve the first-best scenario where sum of
consumer surplus C'S and producer surplus 7p
is maximized. Details of matching process, de-
cision making and optimization problems will

be introduced subsequently.

3.2 Matching model

Previous study by Zha, Yin and Yang
(2016) [2] already proved that the mathcing
function for a radio dispatch taxi company is
also valid for representing the matching tech-
nology applied in the ride-sourcing market,
thus, this study will also apply the matching
function used in radio dispatching taxi com-
pany.

Let N¢ denote the number of waiting cus-
tomers and N** denote the number of vacant
ride-sourcing vehicles. I assume a stationary
state where N¢ and NY' are time invariant.
Then, N€¢ can be expressed as:

N® = w°Q (3.1)



where w® is the average customer waiting time
and @ is the customer demand per hour. N
can be expressed as:

N = ' (3.2)
where w"? is the is the average searching time
for a driver before the meeting and T is the
arrival rate of vacant vehicles per hour. The
purpose of matching function is to capture
the market friction between users and drivers,
hence, the matching rate or the meeting rate
m~t will be a function of both N*' and N¢.
More specifically, a Cobb-Douglas function is

constructed to express the meeting rate me*:

met = M(N", N°) = A(N"")* (N°3:3)

Here, a; and ay are the elasticities which
reflect the matching technology of the ride-
sourcing platform. The sum of a; and ay
determines the mathcing function exhibits in-
creasing returns to scale when the sum is larger
than one, constant returns to scale when the
sum is one, and decreasing returns to scale
when the sum is less than one according to
the previous study by Yang and Yang (2011)
[9]. Based on the previous study of Schroeter
(1983)[11], in radio-dispatching taxi markets
and other transportation systems, increasing-

returns-to-scale property is commonly discov-

ered. The reason is that higher density of both
deivers and users increases the matching prob-
ability. In this study, the focus will be also on
the increasing returns to scale matching func-
tion. A is a scaling parameter, which describes
the other factors in the metching technology
that are not fully captured by «a; and as. By
considering the stationary state, which implies

C

mt = Q = T, the following equation can be

derived from equations (2.1) (2.2) and (2.3):

1—aj—an 1 aq

Wt = (Q) " (A) M (w) B (34)

In this study, since the congestion is con-
sidered, it is necessary to focus on not only
the number of users () but also the numbers
of trips per user made in a certain period x
so that the total traffic volume can be calcu-
lated as number which affects the travel time

[. Therefore, equation (3.4) is be rewritten as:

l—aj—ag 1 _ay
w = (Qrzr)” 2 (A) "2 (w') 3.5)
where (g is the number of ride-sourcing users

and zg is the number of trips per user.

N is the sum of the number of vacant ve-
hicles N** and the occupied vehicles N°, thus,

the following equation is derived:

N = N 4+ N° = 'T" + IQrxpr = QRxR(wt(QrG)



3.3 Decision making of

households

There are three choices for households: pri-
vate cars, ride-sourcing services and public
transportation which does not share roads with
other vehicles, such as metros. Each household
first determines the option of transportation
according to a logit model. This logit model
determines also the number of the households
who choose each option denoted by ().Then,
each household determines the number of trips

X to maximize a quasi-linear utility function.

Because the law of diminishing marginal
utility, the utility of traveling is not linearly
related to the number of trips. As the num-
ber of trips increases, the marginal utility de-
creases. In order to express this property, the
following quasi-linear utility function with the

budget constraint is adopted:

u =z+alnx (3.7)

I=z+px (3.8)

where u; is the total utility, z is the total ex-
penses other than travelling, « is a parameter
related to the size of utility derived from mak-

ing trips and x is the number of trips. For

the constraint, I is the constant income and
[ is the generalized cost per trip. From the
maximization problem of the utility u subject
to the budget constraint of equation (3.8), the

indirect utility function can be derived:

u2=I—a<1+1nﬁ> (3.9)

(%

With this indirect utility function, the utility

for each transportation mode is formulated:

~

U():I—Oé<1+hlg) (3.10)

Up=1— a(l +1n g) (3.11)

Uyz]—k—a(l—i—ln@) (3.12)

(%

Uy denotes the utility of public transportation.
The generalized cost per trip of this mode is
denoted by a constant C. Ug denotes the util-
ity of ride-sourcing. The generalized cost for

ride sourcing is expressed by three elements:

p=F+Bl+ pu (3.13)

where F' is the trip fare, 5l is the travel time
cost, fw® is the waiting time cost and f is the
value of time of the households. Uy denotes

the utility of private car, k is the fixed cost for



purchasing a car and I is the travel time cost.
Based on the formulation of the utilities,
the households of each transporation mode is

determined by applying a logit model as fol-

lows:
On exp (AUR) ¥y
" exp (0UR) + exp (0Uy) + exp (6 j
exp (OUy
Oy = p (0Uy)

\_/r-él

exp (AUR) + exp (0Uy) + exp (¢

where (g is the number of ride-sourcing users
and Qy is the number of private car users. Q
is the number of households. @ is a positive
dispersion parameter of the logit model.

The other variable needed to calculate the
traffic volume is the number of trips z. From
equation (3.16) and (3.17), z can be calculated
by total travelling expenses devided by cost per

trip:

« (0%

tn =2 = et (10
Ty = % (3.17)

Finally, travel time [ can be determined by us-

ing the BPR function:

4
=1, <1 +0.15 (QMY i QR:”R)(?)B)

K

where [j is the free flow time and K is the ca-

pacity of the road. Since the public transporta-
tion does not share the road, the total traffic
volume will only depend on ride-sourcing vehi-

cles and private cars.

3.4 Optimization problems

In the business model of ride-sourcing mar-
ket, trip fare F' will be charged from the cus-
tomer, commission P will be charged by the
platform and F'— P will be the profit of drivers.
In the monoply scenario, ride-sourcing com-
pany always tries to maximize the profit m,

expressed as follows:
maxm, = PQRJZR — CPQRJJR (319)

where Cp is the constant operation cost per
trip.

On the other hand, the purpose of city
planner is to maximize the total social welfare
S, which is the sum of the consumer surplus
CS and the producer surplus 7p, by regulat-
ing the trip fare F' and commisson P. The

social welfare S is formulated as follows:

max S =CS +m, (3.20)

%|<©\

CS =

10

In(exp (AURr) + exp (0Uy ) + exp (L))



After formulating the objective functions,
the next step is to set the constraints. In
this system, there are 15 variables including
two decision variables, namely trip fare F' and
commission P. The degree of freedom is two
and the number of constraints is 13. The con-
straints are as follows. The first constraint
is the entry-exit equilibrium condition of the
drivers of the ride-sourcing platform. The con-
dition implies that the total revenue of the
drivers (F'— P)Qrxg is equal to the total cost
of the drivers (k4 ¢)N where ¢ is the opportu-

nity cost of a driver.
(F — P)QRZL'R - (l{? + C)N = 0(322)

The other constraints are transformations of
the previous equations that describe the equi-

llibrium of this system.

Equation of waiting time:

l—aj—ag 1 aq

(Qrar) ™ 2 (A) 72 (w')” = — w(32B)

Equation of number of total vehicles:

Equuations of utilities:

I— a(l +n g)—UR =0 (3.25)

11

[
I—k— a(l +1In %) —Uy = 0(3.26)

Equations of number of users:

exp (AUR)
exp (AUR) + exp (AUy ) + exp (6Uy)

Q — Q21

exp (0Uy)

exp (0Ur) + exp (6Uy) + exp (QUO)Q ~ Q3:29)

Equations of number of trips:

a a
-_ = — =0 (3.29
w  F+pBl+ puwe TR ( )
Q
Gi o =0 (3.30)

Equation of travel time:

4
lo <1 +0.15 (QY” ;; QRxR) ) —U(3:31)

Equation of total profit:

PQR‘%R — CPQR.Z'R — Ty = 0 (332)

Equation of total social welfare:

CS+m—S=0 (3.33)

Equation of consumer surplus:

%|@|

In(exp (OUR) + exp (0Uy) + exp (0Uy)) — CSB34)



Chapter 4

Analysis and Dis-

cussion

4.1 Analysis method

In this study, two situations are discussed
to demonstrate the regulation strategy. In the
first situation, the public transportation is as-
sumed to be unavailable, which means that
customers are only allowed to choose between
private car and ride-sourcing service and the
substitutability between public transportation
and other modes does not exist. In the second
situation, all three choices are available, which
means that the public transportation and the

road transportation are substitutable.

In each situation, the analysis procedure is
the same. First of all, the monoply scenario
where the platform maximizes its profit is in-
vestigated. Then, the optimal first-best regu-
lation in terms of trip fare F' and P is inves-
tigated when congestion is not considered. In
other words, the travel time [ is assumed to be
constant. Finally, the first-best regulation is

investigated considering congestion and com-

pared with the optimal regulation without con-
sidering the congestion. The following table
shows the parameter values used in the analy-

sis.

4.2 Results and discussion

4.2.1 Situation without the pub-

lic transportation

Table 4.2 shows the results of the first sit-
uation that public transportation is unavail-
able and the households can only choose ride-
sourcing and private car as the transportation
mode. In the monoply scenario, it is obvious
that trip fare F' and commission P are both
very high because the platform tries to max-
imize their profit and only limited customers
and drivers are using the platform. The social
welfare is comparatively low compared with
the regulated case. It is obvious that under the
optimal regulation of F' and P, lower trip fare
encourages the households to use more ride-
sourcing service. However, the regulation pol-
icy is slightly different depending on whether

the congestion is considered or not.

When congestion is considered, F' and P

are regulated to a even lower level compared

12



with the case where congestion is not consid-
ered. As a result, the number of ride-sourcing
users (Qr increases. Since the number of to-
tal households is constant, larger () means
smaller ()y. In other words, part of the pri-
vate car users switch to ride-sourcing.

The reason of this result is that when peo-
ple has their private car, they tend to make
trips by the vehicles more often compared to
the households using ride-sourcing due to the
lower marginal cost to make a trip. This is
shown in the table by the fact that xg is much
higher than zy. Therefore, as more people
choose ride-sourcing abandoning the use of the
private car, the traffic volume as well as the
travel time [ are reduced, which is also demon-
strated in the table.

To sum up, when congestion is considered,
F and P should be regulated to a lower level so
that more people use the ride-sourcing service
and the travel time becomes shorter because of

less congestion.

13



4.2.2 Situation with the public

transportation

Table 4.3 shows the results of the second
situation where all three transportation modes
are available. Just as the previous situation, ¥
and P are very high in the monopoly situation.
On the other hand, the optimal regulation pol-
icy changes compared with the previous situa-

tion.

When congestion is considered, F' and P
become slightly higher than the case where
congestion is not considered. In this situation,
higher trip fare actually realizes shorter travel
time. The reason is that ride-sourcing service
is highly substitutional with public transporta-
tion. If the price of ride-sourcing is regulated
to be cheap, people will switch from public
transportation to ride-sourcing, which invites
more ride-sourcing vehicles operating on the
road. The increment of vehicles worsens con-

gestions.

To sum up, when congestion is considered
and public transportation is a substitutable
choice of ride-sourcing, the F' and P should
not be set too low because some of the users of
public transportion will shift to ride-sourcing
service, which increases the number of ride-
sourcing vehicles N. Ultimately, the conges-

tion becomes worse and the travel time be-

comes longer.

14



Chapter 5

Conclusion and Fu-

ture work

In this study, the optimal regulation pol-
icy for ride-sourcing is investigated considering
congestion in a hypothetical city with a single
operator of ride-sourcing. First of all, it is obvi-
ous that in the monoply scenario, ride-sourcing
platform tries to maximize their own profit by
setting a reletively high fare, which reduces the
social welfare. Therefore, regulation is nec-
essary. However, the regulation policy varys
whether congestion is considered or not. To
investigate the optimal regulation policy con-
sidering congestion, travel time [ is formulated
as a function of traffic volume. The effects
of considering congestion was investigated by
comparing the optimal regulatiuon policy con-

sidering congestion with the one without con-

sidering congestion

When the substitutability between public
transportation and ride-sourcing is low, regu-
lating the fare to a lower price than the sit-
uation without considering regulation will be

more socially benificial. Because the lower trip

fare encourages the private car users to shift
their transportation mode to the ride-sourcing,
which finally reduces the congestion and travel
time.

When the substitutability between public
transportation and ride-sourcing is high, it is
not approriate to set the price too low be-
cause part of the public transportation users
will switch to ride-sourcing, which increases
the ride-sourcing vehicles and ultimately leads
to more congerstion.

There are some directions for future work
of this study. Model used in this study didn’t
consider the effect of vacant ride-sourcing vehi-
cles. Vacant vehicles is also a source of conges-
tion, therefore it is better to also include these
vehicles in the future study. Moreover, in this
study public transportation was assumed not
to share the roads with other vehicles, which
means that public transportation like bus was
not considered. It is important to also consider

such options.
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