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Abstract. Regulating on-demand ride-hailing services (e.g., Uber and DiDi) requires a
balance of multiple competing objectives: encouraging innovative business models (e.g.,
DiDi), sustaining traditional industries (e.g., taxi), creating new jobs, and reducing traffic
congestion. This study is motivated by a regulatory policy implemented by the Chinese
government in 2017 and a similar policy approved by the New York City Council in 2018
that regulate the “maximum” number of registered Uber/DiDi drivers. We examine the
impact of these policies on the welfare of different stakeholders (i.e., consumers, taxi
drivers, on-demand ride service company, and independent drivers). By analyzing a two-
period dynamic game that involves these stakeholders, we find that, without government
intervention, the on-demand ride service platform can drive the traditional taxi industry
out of the market under certain conditions. Relative to no regulations and a complete ban
policy, a carefully designed regulatory policy can strike a better balance of multiple
competing objectives. Finally, if a government can reform the taxi industry by adjusting the
taxi fare, then lowering the taxi fare instead of imposing a strict policy toward on-demand
ride services can improve the total social welfare.
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1. Introduction

On-demand ride-hailing services, such as Uber and
DiDi, leverage information and mobile technologies
to coordinate the connection between passengers and
independent drivers anytime and anywhere. These
on-demand ride services can scale up their operations
in a time-efficient and cost-effective manner owing
to the network effect and because they can operate
without owning physical assets and regular drivers.
In addition, many on-demand ride services disrupt
the heavily regulated taxi industry because many gov-
ernments are uncertain as to how to regulate these
innovative businesses. Uber and DiDi are growing
exponentially: Uber operates in 570 cities worldwide,
and DiDi serves more than 450 million users in more
than 400 cities across China as of 2017.

The benefits of on-demand ride service companies
include convenient service that is more economical
than taxi services for customers and flexible working
hours for independent registered drivers. However,
the rise of such companies leads to various social
costs, ranging from taxi driver protests over unfair

competition; public concerns over safety, privacy, and
traffic congestion; and legal battles over labor law
violations (e.g., Uber drivers should be classified as
employees instead of independent contractors). As of
August 2016, Uber was facing more than 70 lawsuits in
federal courts (Kendall 2016). Noting that on-demand
ride services incur social costs and benefits simulta-
neously, how should a government develop regulatory
measures to strike a balance between encouraging in-
novative business models, such as Uber, and sustaining
traditional industries, such as the taxi 1'ndustry?1

To balance the social costs and benefits created by
on-demand ride services, different governments have
introduced different regulatory measures ranging from
a complete ban in Denmark, I’caly,2 parts of Germany,
Alaska, parts of Oregon, Vancouver, and Hong Kong
to requlatory measures to control the “maximum num-
ber of registered drivers” for Uber in New York City
(NYC) and for DiDi in various tier-1 cities, such as
Beijing, Shanghai, and Hangzhou. Specifically, the
New York City Council in 2018 approved control
of the maximum number of registered drivers by
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“directly” capping the number of new Taxi and Lim-
ousine Commission (TLC) licenses. These TLC licenses
are required for Uber or Lyft drivers to operate legally.
In a similar vein, the Chinese government established
rules in 2017 to control the maximum number of reg-
istered drivers “indirectly” by imposing eligibility
criteria for drivers and cars to serve for ride service
companies.” According to an official press release on
the new regulatory control policy on July 28, 2016, the
Chinese government expressed concern about con-
sumer welfare, the sustainability of the taxi industry,
and innovative on-demand ride-hailing services.

Motivated by the different measures (e.g., complete
ban, direct cap on the number of new licenses, and el-
igibility criteria, etc.) adopted by different govern-
ments, we are interested in examining the impact of a
class of regulatory policy that controls the maximum
number of registered drivers on different stakeholders
(on-demand ride service platform, consumers, drivers,
and taxi drivers®), traffic conditions,” and the under-
lying competition between the on-demand ride service
and taxis as well as consumer modes of transportation.

We present a unified modeling framework to ex-
amine the optimal government policy that aims to
control the maximum number of registered drivers for
an on-demand service company.® Our modeling frame-
work captures (a) government control levers (e.g.,
policies for controlling the maximum number of regis-
tered DiDi drivers and a pricing strategy for taxi ser-
vice”); (b) vertical strategic interaction between the
government and DiDj; (c) horizontal competition among
DiDij, taxis, and public transportation; and (d) DiDi’s
pricing and wage strategies to coordinate its supply
and demand. Essentially, our intent is to answer the
following questions.

1. Can the taxi industry survive without govern-
ment intervention?

2. Relative to no intervention (laissez-faire) or a com-
plete ban policy, what is the impact of the regulatory
measures that aim to control the maximum number of
registered DiDi drivers?

3. If the government takes competing objectives
associated with different stakeholders (consumers,
taxi drivers, DiDi, and DiDi drivers) into consider-
ation, which policy (laissez-faire, a complete ban, or
some regulatory measures) strikes the best balance?

4. Besides directly regulating DiDi, should a gov-
ernment use taxi fares as an additional lever to con-
trol DiDi indirectly?

To answer these questions, we use a two-period
model to capture the dynamics of government, con-
sumers, taxi drivers, DiDi drivers, and DiDi. In period 1,
the government uses eligibility criteria to control the
maximum number of eligible drivers directly as in New
York City or indirectly as in China. Then, each eligi-
ble driver decides whether to register as a DiDi driver.

In period 2, DiDi decides its price and wage rate by
taking both price-sensitive customers’ travel options
and earning-sensitive drivers’ participating decisions
into consideration. At the same time, each registered
DiDi driver decides whether to participate. Our two-
period dynamic game involves four strategic parties
(government, DiDi, DiDi drivers, and consumers) along
with the competitive objectives associated with these
different stakeholders, and our analytical results can
be summarized as follows.

1. Without government intervention, DiDi can drive
the taxi industry out of the market if taxi fares are high
and there are a large number of registered DiDi drivers.

2. Relative to laissez-faire and the complete ban
approach, a carefully designed policy (i.e., eligibility
criteria) can balance various competing objectives
(Figure 1). Also, when taxi fares are higher than a
certain threshold, the government should either regu-
late or ban DiDi completely to sustain the taxi industry.

3. To maximize total social welfare, the govern-
ment’s optimal regulatory policy depends on the taxi
fares and the relative emphasis that the government
places on different stakeholders.

4. Besides controlling the number of registered
drivers indirectly through eligibility criteria in China
(or directly through a specific cap in New York City),
the government can use the taxi fares as a lever to
control the number of DiDi cars on the road indirectly.
Moreover, when the government assigns a compara-
tively small weight on taxi drivers” earnings, lowering
taxi fares and taking a less strict policy toward DiDi
can improve the total social welfare.

To the best of our knowledge, this paper is the first
to develop a multistakeholder modeling framework
for evaluating the impact of regulatory policies of on-
demand ride services on competing objectives associ-
ated with different stakeholders. Although our model
is motivated by the new measures implemented by

Figure 1. (Color online) Evaluation Graph for
Government’s Three Options Against Multiple Objectives
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the Chinese government and in New York City, our
results may offer policymakers a more formalized un-
derstanding of the implications of regulatory measures
of on-demand ride services.

This paper is organized as follows. We provide a lit-
erature review in Section 2. In Section 3, we frame the
general problem by providing some model prelimi-
naries. In Section 4, we use backward induction to
analyze the two-period model. In Section 5, we un-
dertake a comprehensive evaluation of the Chinese
government’s policy. In Section 6, we examine the
government’s optimal policy to maximize total social
welfare. In Section 7, we examine an alternative policy
to relieve traffic congestion. Section 8 concludes this
paper. For ease of exposition, all proofs are provided
in Online Appendix C.

2. Literature Review

Our paper belongs to a research stream that deals with
innovative business models in the sharing economy.
Many researchers have been inspired by start-up
companies that exploit advanced modern mobile tech-
nologies to facilitate peer-to-peer sharing of products
(Fraiberger and Sundararajan 2015, Jiang and Tian
2018) and services (Hall etal. 2015, Azevedo and Weyl
2016, Einav et al. 2016). For example, Li et al. (2015)
showed that professional hosts earned more than non-
professional hosts and that Airbnb should charge non-
professional hosts a lower commission rate. Fraiberger
and Sundararajan (2015) studied peer-to-peer car
rental markets using data from Getaround. Chen and
Sheldon (2015) showed that, by adopting surge price,
Uber could entice its drivers to drive more during peak
time by providing higher wages. Several papers deal
with the matching of customers and service providers
(Allon et al. 2012, Hu and Zhou 2015, Chen and Hu
2016). Although these popular business models have
been examined by economists (Rochet and Tirole 2003,
2006; Armstrong 2006) who focus on cross-network
effects (Weyl 2010), our paper and some others that
examine on-demand service platforms consider both
within- and cross-network effects.

Our work is closely related to recent literature that
examines pricing and various operational issues aris-
ing from various on-demand ride service platforms.
Cachon et al. (2016) showed that surge pricing would
benefit both providers and consumers when pro-
viders have a high opportunity cost. However, by
using a queueing theoretical model, Banerjee et al.
(2015) found that a static pricing strategy performs
well. Both Bai et al. (2018) and Taylor (2018) incor-
porated customers’ waiting time into their model
framework to examine the optimal price and wage
decision of an on-demand service platform. From the
perspective of the supply side of an on-demand ser-
vice platform, Gurvich et al. (2016) used a newsvendor

framework to study a self-scheduling firm’s optimal
decision on staffing capacity control. More recently,
Guda and Subramanian (2019) studied the impact of
surge pricing on supply adjustment in different market
zones. The authors showed that surge pricing can
provide incentives for a better balance of workers in
different market zones so that the platform can earn
higher profit.

By studying the price and wage matching problem,
Hu and Zhou (2017) found that a commission contract
can be optimal when both demand and supply curves
are affine functions with common price and wage sen-
sitivity. Feng et al. (2017) compared customers’ average
waiting time under the on-demand matching mech-
anism with that under traditional street-hailing sys-
tems. The authors found that the on-demand matching
mechanism may also result in lower efficiency and
proposed adding response caps to the matching mech-
anism so as to overcome the problem. Regarding the
matching system of a ride-sharing platform, Ozkan
and Ward (2017) also proposed dynamic matching
policies based on a continuous linear program. More
recently, Benjaafar et al. (2018) examined the labor
welfare of on-demand service platforms. They showed
that both average labor welfare and agent workload
are nonmonotonic in the labor pool size. Unlike this
stream of work that focuses on a single on-demand
service platform, our model framework incorporates
competition among the on-demand ride service plat-
form, taxis, and public transportation. In addition, un-
like previous research that takes the perspective of
a ride service company, we adopt the government’s
perspective, and we examine the impact of different
regulatory policies on competing objectives associ-
ated with different stakeholders as well as traffic
congestion.

Although on-demand service platform start-ups
are praised by consumers and venture capital firms,
they disrupt traditional industries that the govern-
ment may wish to protect to ensure social harmony.
There is a new stream of research that examines the
competition between the start-up companies and the
incumbents they challenge. Seamans and Zhu (2013)
conducted an empirical study to examine the com-
petition between Craigslist and traditional newspa-
pers. Zervas et al. (2017) investigated the impact of
Airbnb on hotels in Texas and found that an increase
in the market size of Airbnb would lead to a revenue
decrease in the local hotel industry. Cramer and
Krueger (2016) showed that UberX drivers enjoyed
a higher capacity utilization rate than traditional taxi
drivers by using data from Boston, Los Angeles, New
York, San Francisco, and Seattle. Based on evidence
from Shenzhen, Nie (2017) pointed out that the taxi
industry has experienced significant losses and ad-
vocated government regulation of the on-demand ride
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service market. In contrast to this stream of empirical
analysis, our work is motivated by Nie (2017) and the
new regulatory measures implemented by the Chi-
nese government in 2017. Furthermore, our analysis is
based on a multistakeholder framework that takes com-
petition and competing objectives into consideration.

Finally, our paper is related to the government
policy literature that examines various regulatory
issues arising from controversial industries, such as
gambling (McBurney 2005, Hancock et al. 2008),
drugs (Barry et al. 2014, Subritzky et al. 2016), and
prostitution (Kilvington et al. 2001, Chuang 2010).
Regardless of the popularity of the sharing economy,
Malhotra and Van Alstyne (2014) revealed its “dark
side”: for example, the growth of Airbnb has contrib-
uted to a shortage of affordable long-term housing,
and on-demand ride service companies are competing
unfairly with the incumbent taxi industry by circum-
venting taxes and regulations. As a result, many legal
experts are contemplating different methods to regu-
late the sharing economy (Koopman et al. 2015, Posen
2015, Ranchordas 2015, Rauch and Schleicher 2015),
protect consumer rights, and support incumbent in-
dustries. Our paper is the first to present a unified,
analytical, multistakeholder framework that captures
the interactions among different parties and evaluates
the impact of government policy on competing objec-
tives associated with different stakeholders. Further-
more, in addition to direct regulatory policies, we also
consider an indirect control policy using taxi fares as a
lever to control on-demand ride services.

3. Model Preliminaries
Consider the public transportation ecosystem depicted
in Figure 2 that consists of the DiDi on-demand ride

service, taxi service, and public transportation. In this
ecosystem, DiDi uses price rate Pp and wage rate w
to coordinate its customers and drivers. (For ease of
reference, we use the subscripts T and D to denote
quantities associated with taxi and DiDi services,
respectively.) Public transportation services are fully
controlled by the government in terms of price,
capacity, and scheduling. In many countries, the
government regulates the taxi industry by setting
a price rate (Pr per kilometer) and the number of
taxicabs (T) in a city. In our base model, we assume
that Pr and T are “exogenously given.”® (However, in
Section 7, we relax this assumption and examine the
implication when the government reforms the taxi in-
dustry by choosing Pr as a lever to control the on-
demand service indirectly.)

3.1. Decisions
Let us describe the decisions to be made by each of
the following four entities.

1. Government regulatory policy that intends to
control the number of registered drivers. We focus on
the case in which the government chooses to impose
eligibility criteria to control the maximum number
of registered DiDi drivers. For example, the Chinese
government imposed the following rules. First, a car
to be used for on-demand ride services cannot be
more than eight years old (or driven for more than
600,000 km) (Spring 2016). We model these car eli-
gibility criteria as an “entry fee” c¢; incurred by an
eligible driver. Second, to be eligible as a DiDi driver,
the driver must be a local resident (Li 2016) and have
at least three years’ driving experience (Russell
2016). Based on these driver eligibility criteria, we
model the maximum number of eligible drivers as Kj.

Figure 2. (Color online) A Multistakeholder Ecosystem of Transportation Services in China

DiDi sets its price rate Pp
and wage rate w
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Note that the cap of new Taxi and Limousine Com-
mission licenses approved by the New York City
Council can also be modeled as the maximum num-
ber of eligible drivers Ky without imposing any entry
fee ;.

2. DiDi’s price and wage decisions that intend to
coordinate customers and drivers. Given the gov-
ernment policy (Ko, ¢1) and the presence of competing
taxi and public transportation, DiDi will set its price
rate Pp (i.e., price per kilometer) and wage rate w
(i.e., payment to driver per kilometer).”

3. Consumers’ travel mode decisions that intend
to maximize consumer utility. To capture competi-
tion among multiple parties and to obtain tractable
results, we assume that customers do not wait; there-
fore, we do not consider the waiting time issue exam-
ined by Bai et al. (2018). In addition, we focus more
on the strategic interactions among different stake-
holders than on detailed operational-level analysis
because our goal is to examine the impact of differ-
ent regulatory policies on competing objectives as-
sociated with different stakeholders. We defer the
issue of waiting time for future research. To capture
the heterogeneity among consumers’ travel options,
weadopt the willingness-to-pay model widely used
in both transportation and operations manage-
ment literature (McFadden 1998, Hidrue et al. 2011,
Schwarzlose et al. 2014, Bai et al. 2018). Specifically,
we assume that the consumer utility associated with
transportation model i is given by

U,-(vi) =0; — P,‘, where i
= {DiDi, Taxi, Public Transportation}, (1)

where v; is consumer valuation of different travel op-
tions, and P; is the price rate of different travel ser-
vices.'” For ease of exposition, we scale the consumer
valuation and the price of public transportation to zero
because of its lower price and comfort level relative to
taxi and DiDi services. Thus, the consumer utility as-
sociated with choosing public transportation is zero.
To capture the heterogeneity among consumers, we
assume that the consumer valuation of taxi service
vr ~ U[0,1] and the consumer valuation of DiDi ser-
vice vp = € - vr, where { captures the extent to which
consumers prefer DiDi to taxis. We also assume that
¢>1 to capture the extent to which DiDi is preferred
to taxis."' The assumption that £>1 is reasonable
because most customers prefer on-demand ride ser-
vices, such as DiDi. For example, Lambert (2016)
reported that most Australian consumers prefer Uber
to taxis because Uber is more economical, safer, and
more convenient. In the United States, most cus-
tomers prefer Uber to taxis for similar reasons, and
their preferences are reflected by the fact that, from
2013 to 2015, the number of Uber rides increased

10-fold, and taxi rides decreased by 2.1 million (The
Economist 2015). In China, DiDi dominates the taxi
service in terms of price, efficiency, service quality,
and convenience.'?

For tractability, we use the uniform valuation (i.e.,
vr ~ U[0,1]) to show that the demand for each travel
option is a linear function of the price rates associated
with different modes."® The linear demand structure
enables us to analyze the case in which consumers and
the platform engage in vertical competition, and yet
different travel options engage in horizontal competi-
tion. Faced with the three travel alternatives depicted
in Figure 2, each consumer selects a particular service
that maximizes the consumer’s utility (more details
are provided in Section 4.1).

4. DiDi driver’s registration and participation de-
cisions in relation to reservation value. In period 1,
there are Ky “potential” DiDi drivers who meet the
driver eligibility criteria imposed by the govern-
ment. For example, Ky = 0 under a complete ban pol-
icy, Ky — oo if the government does not intervene,
and Kj € (0, o0) under some form of regulatory policy
(e.g., adequate driving experience, local residency,
etc.) Each of these Kj eligible drivers can decide en-
dogenously whether to register with DiDi in period 1
by considering the entry fee ¢; and the anticipated
net earnings in period 2. Among those Ky eligible
drivers, K is the “actual” number of drivers who
register with DiDi in period 1. Hence, K is capped by
Ky (i.e., K < Kp). In period 2, each of the K registered
drivers decides whether to participate in providing a
ride service by taking DiDi’s price and wage decisions
(Pp,w), total travel demand A, and market conditions
associated with taxis and public transportation into
consideration. We show that there are k (k < K) drivers
providing ride service in period 2 (more details in Sec-
tions 4.2 and 4.4).

3.2. A Two-Period Model

By considering the decisions to be made by the afore-
mentioned different entities over time, we can use
Figure 3 to depict the sequence of events over two
periods. Our two-period model is similar to that of
Cachon et al. (2016) in the following manner. At the
beginning of period 1, the government announces a
regulatory policy (Kp,c1) that intends to control the
maximum number of eligible drivers Ky. Then, each of
these K eligible drivers decides whether to register as
a DiDi driver in period 1 by considering the driver’s
long-term earnings and up-front investment costs c;.
We let K denote the actual number of registered drivers
in period 1, in which K < Kj.

At the beginning of period 2, DiDi announces its
pricing and wage decision (Pp, w) when the customer
demand A is realized. Given DiDi’s decision Pp, each
of the A customers takes this information along with
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Figure 3. (Color online) Sequence of Events
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the taxi price Pr (which is exogenously given in the
base model) and public transportation price zero
into consideration and selects the option that yields
the highest utility. At the same time, the K regis-
tered drivers decide whether to participate in pe-
riod 2 by anticipating the effective demand for the
DiDi service Ap along with the price and wage rate
(PD, ZU)

To capture the long-term earnings of each of the
K registered drivers, period 2 is long (e.g., N sub-
periods) and represents the lifetime of a driver’s car
or the average time span for a driver to serve DiDi.
For each of these N subperiods, each of the K regis-
tered drivers can use DiDi’s policy (Pp,w) and the
realized customer demand A to determine whether
to offer one’s service. We let &y denote the expected
earnings in each of the N subperiods within period 2.
Then, by considering the discount rate ¢ for the
subperiod, the total net present value of a driver’s
earnings over N subperiods is equal to 1‘1‘5_[:1 - &o,
which converges to 15 & as N — oo. Using the ex-
pected earnings and considering the up-front in-
vestment ¢, each of the Ky potential eligible drivers
registers as a DiDi driver in period 1 if the driver’s
expected surplus (- & —c1) exceeds the driver’s
reservation value.

4. Analysis of Two-Period Model

We now analyze the two-period model described
in Section 3 by using backward induction. In pe-
riod 2, given the number of registered DiDi drivers
K (determined in period 1), taxi price rate Pr, and the
total customer demand A, DiDi decides the opti-
mal price and wage (Pp, w*) to coordinate its supply
and demand by taking the horizontal competition
among DiDi, taxi, and public transportation into
consideration. In period 1, we examine the number of
registered DiDi drivers K in equilibrium by incor-
porating the strategic behavior of eligible potential
drivers.

4.1. Demand for Each Travel Mode in Period 2

In preparation, we first determine the demand for
each transportation mode in period 2 for any given
price (Pr, Pp). In this case, a customer with valuation
(vp,vr) chooses the DiDi service only if Up(vp) >
Ur(vr) and Up(vp) > 0, chooses the taxi service only
if Ur(vr) > Up(vp) and Ur(vr) > 0, or chooses public
transportation otherwise. Because vr ~ U[0, 1] and
vp = for, the potential consumer demand for each
transportation mode is as follows.

Proposition 1. Given the total customer travel demand A,
taxi price rate Pt € [0, 1], and DiDi’s price rate Pp € [0, {],
the customer demand for DiDi service (Ap), taxis (Ar), and
public transportation (Ay,p) satisfies the following:

1. when Pp>(-Pr, Ap=A-(1-2F1) Ap=2
(Po=Pr — Pr), and Ay = A - Pr;

2. when Pp<€-Pr, Ap=A-(1-22), Ar=0, and
Apub =A- (PTD)

When there is competition, Proposition 1 reveals
that, when Pp > ¢ - Py, the demand for DiDi service Ap
decreases in Pp but increases in Pr, and the demand
for taxis At decreases in Pr but increases in Pp, which
captures the underlying competition among differ-
ent transportation modes. However, if DiDi charges
a price Pp below (- Pr, the demand for taxis is zero,
which indicates that DiDi drives the taxi industry
out of the market. As expected, for any given Pr and
Pp, Proposition 1 implies that DiDi’s demand Ap in-
creases in {, whereas taxi’s demand At decreases in (.
Given the potential customer demand for each trans-
portation mode as shown in Proposition 1, we next
discuss whether DiDi can afford to charge an optimal
price low enough (i.e., P, < ¢ - Pr) so as to drive the
taxi industry out of the market.

4.2. Number of Participating DiDi Drivers (k) in
Period 2

Given the demand for each transportation mode for

any given (Pr, Pp, w), we first determine the number
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of participating DiDi drivers k in period 2, in which
k < K with K being the number of registered DiDi
drivers in period 1.

To begin, recall that we assume customers do not
wait. Hence, the total transaction quantity Qp of DiDi
in period 2 for any given number of participating
DiDi drivers k is equal to Qp = min{Ap, k}, where Ap
is the customer demand for DiDi as presented in
Proposition 1.'* In this case, the utilization of each of
these k participating drivers is QD = % <1. Com-
bining this observation with the wage rate and the
average service speed u (i.e., average service units
per unit of time), the expected earning rate of these
participating drivers is w - i1 - 92. Now, suppose each
of the registered DiDi drivers has a reservation rate
R, per unit of time,'> where R, follows a distribu-
tion Gy(:) with a density function g(-). In this case,
a reglstered DiDi driver participates in period 2 if
w - -9 > Ry, which implies that the proportion k/K =
Ga(w - y QD). More formally, we have

k=K-Gyw-pu- QD

@)
By noting that the total transaction quantity Qp =
min{Ap, k}, it is easy to verify from (2) that the num-
ber of DiDi drivers participating in period 2 increases
in the wage rate w.

4.3. DiDi’s Optimal Decisions (Pp, w*) in Period 2
Given the total transaction quantity Qp = min{Ap, k},
where k is as calculated in (2), we now determine
DiDi’s optimal pricing and wage decision (P},, w") in
period 2. By noting that DiDi’s payoff equals (Pp — w) -
Op,'® we can formulate DiDi’s problem as

Ilp = (Pp —w) - Qp

s.t. Qp =min{k, Ap}

max
Pp,w

k=K-Gyw-pu- QD

. A-(l—%) if Pp>(- Pr
PTlA=)  ifPy<e-Py
0<w<Pp<L. 3)

The first two constraints follow the definition of Qp and
k as explained earlier. The demand for DiDi Ap is gen-
erated from Proposition 1, and DiDi’s price rate Pp
must be above the wage rate w and below the maximum
consumer valuation ¢. To develop the closed-form so-
lution to this problem, we consider the case in which
R, ~ U[0,1] so that G(x) = x and obtain Lemma 1.

Lemma 1. There exists an optimal solution to problem (3)
that balances DiDi’s customer demand Ap and DiDi’s
participating drivers k in period 2 so that k = Ap.

Lemma 1 implies that there exists an optimal solu-
tion to problem (3) that has k = Ap; therefore, Qp =
Ap =k and k=K-Gy(w- pi-52) = Kwy. Hence, w= £ =
2—’;. These observations enable us to simplify problem

(3) as

max
Pp
{A-(1—%) if Pp> (- Pr

s.t D=

A-(1=f)  ifPp<e-Pr

A
HD=(PD—K—Z)'/\D

Ap
Ra<Po<t @)

Solving the simplified pricing problem given by (4)
yields the following proposition. In preparation, let
us define two thresholds: k1 = %, and xp =
:?((211; P Tl)). By noting that k1 <k, we obtain Proposition 2.

Proposition 2. For any given taxi rate Pr, the platform’s
optimal price rate Py, satisfies the following:
-1 pre _ ((-1+P)RA+Kp((-1)
1. When Pr < 375, P 2(AT+1<;,(€ 1)
case, P, > (- Pr.
((~1+P7)@A+Ku(£-1)) if K<

2. WhenZ4<Pr<0.5, Ppy=1 ~ 20+Ku(C-1)
f'PT lfKZKl.

Observe that P;,>{-Pr when the registered driver number
K<x;.

,and in this

((=1+Pr)(2A+Ku(t-1))
Z(AT+Ky([’ 0 if K<y

3. When Pr>0.5, P*DZ fPT llefKSKZ
{(2A+Kul) .
2(A+Kul) if K>1c.

Observe that Py,>{-Pr when K<xy and P;,<{-Pr when
K>1x,.

Finally,  the  corresponding  optimal  wage
M¢=1+Pr) Py, = (CLHPDEAKu(-)
2(A+Ku(f-1)) Zf 2(A+Ku(f-1))
w = {40 if Py =(-Pr
AL « _ (QA+Kul)
200+Kul) if Pp = 30txun) -

When the taxi price Pr is low, the first statement of
Proposition 2 exerts that DiDi should set P, > £ - Pr to
remain profitable. However, when the taxi rate Pr
is high, the second and third statements reveal that
DiDi can afford to charge a relatively low price P, <
¢-Pr when the number of registered drivers K is
large enough. Combining this observation with the
second statement of Proposition 1, we can conclude
that, without government regulations, K can be large
enough so that DiDi can afford to undercut taxi fares
(i.e.,, Pp < ¢-Pr) and drive the taxi industry out of
the market so that Ay =0. More importantly, this
result demonstrates why the control of K is an im-
portant factor to ensure the survival of the taxi in-
dustry, particularly when Py cannot be reduced in the
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short term. We state this implication more formally in
the following corollary.

Corollary 1. When the taxi price Pr> £7% and the regis-
tered DiDi driver number K > x1, DiDi sets its optimal
price P, < € - Pr to drive the taxi industry out of the market
so that demand for taxis At = 0. However, when the taxi
price Pr < %, DiDi always sets P, > € - Pr so that both
the taxi service and DiDi remain in the market.

According to Corollary 1, without government
intervention, DiDi can drive the taxi industry out of
the market when Pr is high and when the number of
registered DiDi drivers K is large. This is because,
when Pr is high, the taxi industry is not competitive.
At the same time, when K provides an ample supply,
competition among DiDi drivers is high, and DiDi can
afford to set a comparatively low price (i.e., P, < £ - Pr)
and a lower wage rate to drive the taxi industry out of
the market. Therefore, if the government wants to
sustain the taxi industry under these conditions, the
government can either (a) establish a regulatory policy
(Ko, C1) to control the number of registered drivers K
in period 1 or (b) lower the taxi price Pr to make the
taxi industry more competitive. This observation leads
us to examine the impact of regulatory policy (Ko, ¢1)
on the number of registered drivers K and to examine
the impact of Pr in Section 7.

Furthermore, from Proposition 2, we find that, for

the case in which P}, = %%@ or P, =1¢-Pr,

DiDi’s optimal price and wage are affected by the taxi

_ . LQAKul)
price Pr. However, when Pp, = 55207

longer exist in the market, then DiDi can set its op-
timal price and wage freely without considering the
taxi rate. Given the number of registered DiDi drivers
Kin period 1, we then compare the optimal P}, under
different cases and obtain the following corollary.

so that taxisno

Corollary 2. Given the number of registered DiDi drivers
K, DiDi sets its optimal price P}, lower in a market with
competition from taxis than in a market without taxis.

Corollary 2 implies that, when the taxi industry is
competing with DiDji, DiDi sets a lower price and the
government can then protect consumers from higher
surge prices set by DiDi. Therefore, in addition to
achieving social harmony, the Chinese government is
committed to sustaining the taxi industry to create
competition and keep DiDi’s prices in check.

4.4. Number of Registered DiDi Drivers (K) in
Period 1

We now utilize the results associated with period 2

to determine the actual number of registered DiDi

drivers K in period 1. Recall from Section 3.1, that, for

any given policy (Ko, ¢1), each of the Ky eligible drivers

registers as a DiDi driver in period 1 if the driver’s

expected surplus (ﬁ - &y —c1) exceeds the driver’s
reservation value Ry, where 0 is the discount rate, &g is
the driver’s net earnings in each of the N subperiods
in period 2 with N — o0, and ¢; is the up-front in-
vestment cost of meeting the car eligibility. To cap-
ture the heterogeneity among Ky eligible drivers,
we assume that they have a long-term reservation
price R; (i.e., the opportunity cost of joining the plat-
form), where R; follows a distribution G;(-) with a
density function g1(-).

Before we compute K, let us first analyze each DiDi
driver’s net earnings & in period 2. Recall from
Section 4.2 that DiDi drivers with short-term reser-
vation rates R, ~ U[0, 1] participate in providing ride
service in period 2 when w*-u >R, and their net
earnings are w" - u — Ry; otherwise, when w" - u < Ry,
they do not provide a service and their earnings are
zero. Therefore, an individual DiDi driver’s expected
net earnings in each subperiod in period 2 are

WU
&o = ./o (w" - u—Ra) - £2(R2)dRo

1 MZ
+ / 0- gQ(Rz)dRz = 7 . w"z. (5)
w

Given the regulatory policy (Ko, ¢1) and the net
present value of total earnings 1 - &, the number of
registered DiDi drivers K in period 1 corresponds to
the proportion of those Kj eligible drivers who de-
cide to register with DiDi (i.e., drivers with positive
surplus in which (ﬁ - &y —c1)>Ry). Because R; fol-
lows a probability distribution G;(:), K satisfies

1
KZKQ'G1(—1_6'EO_C1)

12
=K0'G1( '?'w*z—cl)/ (6)

1-6
where w* is a function of K in equilibrium as shown in
Proposition 2 and w* always decreases in K. In ad-
dition, from (6), K can be expressed as an explicit
function of (Ko, ¢1) as in Corollary 3.

Corollary 3. The number of registered DiDi drivers in
period 1 (K) is increasing in the maximum number of eligible
potential drivers (Ko) and decreasing in the entry fee (cy).

Asshownin Corollary 1, when Pr > % and K > x1,
DiDi can afford to set a low price P}, < ¢ - Pr to drive
the taxi industry out of the market (with Ar = 0). This
finding provides a plausible justification for Chinese
regulatory policy (Ko, c¢1) as a mechanism to help the
taxi industry survive.

5. Evaluation of Regulatory Policy (Ko, ¢1)
In this section, we use our analysis from Section 4
to evaluate the performance of a given government
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policy (Ko, c1) with respect to competing objectives
associated with different stakeholders (i.e., consumer
welfare, DiDi drivers’ earnings, taxi drivers’ earn-
ings, DiDi’s profit, and the number of cars on the road,
which can affect traffic congestion and air pollution).
Then we compare the policy (Ko, c1) against two bench-
mark policies (laissez-faire and complete ban); the
laissez-faire policy corresponds to the case in which
Ko — o0 and ¢; =0,' and the complete ban policy
corresponds to the case in which Ky = 0 and ¢; — oo.
(We determine the optimal regulatory policy (Kj, c})
in Section 6.)

Observe from (6) that the actual number of registered
DiDi drivers in period 1 (i.e., K) is an explicit function of
a policy (Kp, ¢1). For example, through (6), it is easy to
check that (1) the laissez-faire policy (Ko — o0,¢1 = 0)
results in K — oo; (2) the complete ban policy (Ko =
0,c1 — o) results in K = 0; and (3) a regulatory policy
(Ko €(0,00),c1 €(0,00)) results in Ke€(0,00). This ob-
servation implies that, instead of focusing on evalu-
ating the performance of a given policy (Ko,c1), it
suffices first to focus on examining the corresponding
performance of the corresponding value of K. Then,
once we determine the optimal value K*, we can ap-
ply (6) to identify the corresponding optimal regu-
latory policy (Kj,c;). Note that when K* € (0,0), (6)
reveals that the corresponding regulatory policy is
not unique. Therefore, the government has some
flexibility to consider different driver eligibility cri-
teria and car eligibility criteria to control Ky and ¢y so
long as (6) holds. If we were to consider the regulatory
policy approved by the NYC Council that imposed a
cap on Ko, then we can simply set ¢; =0 for our
evaluation.

Before we evaluate the performance associated
with a given value of K (i.e., the actual number of
registered DiDi drivers), let us first determine the
total consumer welfare function. It suffices to focus
on the total consumer welfare S for those who take
rides by DiDi and taxis because we scale the con-
sumer utility associated with public transportation
to zero. First, when there are only taxis in the mar-
ket, S equals the welfare of those who have valuation
for taxis vr € [Pr,1] and take taxis; that is, S=A-
fPlT(vT — Pr)dour. Second, when both taxis and DiDi
compete in the market, S consists of the welfare of
those with valuation vy € [P, 2 lg;:f ] who choose taxis
and the welfare of those with valuation vp = vt €

[K-Pfg:fT,f] who choo*se DiDi; therefore, S=A-

it (€01 = Pp)dor + [T (o7 — Pr)dor]. Third, when

-1

DiDi drives the taxi industry out of the market, S
equals the welfare of those who have valuation for

DiDi vp = ¢vr € [P}, €] and who take DiDj; that is, S =
A /i (¢-vr — Pj)dor. In summary, S satisfies
I

A - Q=P when Ap =0, A7 >0
S=4A- ([_ipb + ['P%JerZ_ZPE"PT) when Ap, Ar>0

2(0-1)
A- (5_21?7)2 when Ap>0,Ar = 0.
(7)

5.1. Performance Evaluation of Regulatory Policy
(KQ, C1) via K

Using the optimal DiDi price P}, as stated in Propo-
sition 2, we can obtain the corresponding total con-
sumer welfare (i.e., S) as stated in (7); each DiDi
driver’s net earnings in each subperiod within pe-
riod 2 (i.e., &) as stated in (5); the total earnings of all
K DiDi drivers in period 2 (i.e., £ = K- &0);'® the total
gross earnings of all taxi drivers (i.e., Ilr), where I1r =
T-(Pr- ATT) with Ar retrieved through Proposition 1;
DiDi’s profit (i.e., ITp = (P}, — w*) - Ap) with P}, and w*
retrieved from Proposition 2 and the corresponding
Ap retrieved from Proposition 1; and the total num-
ber of DiDi cars on the road (i.e., k) as stated in (2). By
computing these equilibrium outcomes, we can ex-
amine the impact of K on these performance mea-
sures associated with different stakeholders under
different conditions and obtain Corollary 4.

Corollary 4. Given the total travel demand A and the taxi
price Pr, the impact of the number of total registered DiDi
drivers K on DiDi’s optimal price P}, consumer demand for
the DiDi service Ap, the earnings of each DiDi driver &, the
total earnings of all DiDi drivers &, the DiDi platform’s
profit Ilp, the total earnings of all taxi drivers Ilr, total
consumer welfare S, and the number of DiDi cars on the
road k are listed in Table 1.

Corollary 4 reveals that, in a competitive market
in which both DiDi and taxis exist, DiDi lowers its
optimal price P}, so that demand for DiDi Ap increases
when K increases. In addition, as K increases, com-
petition among DiDi drivers increases. Consequently,
DiDi can afford to lower its wage so that the earn-
ings of each DiDidriver &y arereduced. However, as K
increases, the total earnings of all DiDi drivers & first
increase in K and then decrease in K when K becomes
larger. Next, observe that DiDi’s profit I1p and con-
sumer welfare S increase in K; however, the taxis lose
part of their market share, and the total earnings of
taxi drivers It decrease in K. Finally, the number of
DiDi cars on the road k increase in K.

In addition, when Pr> 2‘;7—_11 and the government

adopts no regulation of DiDi (so that K — o), DiDi
drives the taxi industry out of the market as stated
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Table 1. Impact of K on Various Performance Measures

Market condition Value of P}, Py Ap &o & Ip TIr S k
Competitive market %%w l T l Tl T l 7 T
Only DiDi £ Pr — — l l T X - —

i A S
Only taxis X X X X X X — —

Note. T (increasing); | (decreasing); — (no change); X (does not apply).

in Corollary 1 so that taxi drivers earn nothing. How-
ever, when the government adopts a complete ban
policy of DiDi (so that K =0), then DiDi, together
with its drivers, earns nothing.

Next, recall from earlier that (1) the laissez-faire
policy (Ko — o0,c1 =0) results in K— oo, (2) the com-
plete ban policy (Ko =0,c1 — c0) results in K=0, and
(3) the regulatory policy (Ko € (0,00),c1 € (0,00)) results
in K€ (0,00). We can compare the performance across
these three regulatory policies via different values of
K as listed in Table 2.

In the context of consumer welfare (S), the regu-
latory control (i.e., K € (0, 0)) corresponding to the
case in which (Kp € (0,),¢1 € (0,0)) can achieve
medium-level consumer welfare, which is higher than
that of the complete ban approach. Next, we observe
that, if one is only concerned about taxi drivers’
earnings (I1r), a complete ban approach would en-
able taxi drivers to achieve the highest level of earn-
ings, the laissez-faire approach would disrupt the
taxi industry (in particular, when Pr is high, taxis
would have no market share), and a regulatory con-
trol approach would help the taxi industry to survive.
Moreover, by reducing Ky, and increasing c¢; via
various driver and car eligibility criteria, the gov-
ernment would take the safety of consumers into
consideration.

In summary, we find that the regulatory control
(i.e., K €(0,00)) corresponding to the case in which
(Ko € (0,00),c1 € (0,)) can enable the government
to strike a better balance of competing objectives.
On one hand, relative to a complete ban, regula-
tory control supports the development of new busi-
nesses, which contributes to economic development,
creates job opportunities, and provides convenience
to consumers. On the other hand, relative to laissez-
faire, regulatory control solves the social problems
caused by the entry of new businesses (i.e., sustains

Table 2. Comparison of Three Government Policies

Government policy S TIr &o Ip k
Laissez faire: K — oo H X/L L H H
Regulatory control: K € (0, o) M M H L L
Complete ban: K =0 L H X X X

Note. H: high level; L: low level; M: medium level; X: none.

the taxi industry and relieves traffic congestion from
large numbers of DiDi cars on the road). Although
these qualitative results in Table 2 may appear to
be intuitive, our multistakeholder modeling frame-
work and analyses can be used to examine the details
of the impact of different policies on the competing
measures of different stakeholders; these details can-
not be determined without formal analyses. Therefore,
our modeling framework and analyses can serve as
building blocks for developing a more formal deci-
sion support system that can help policymakers to
evaluate the implications of different policies for dif-
ferent stakeholders in the ecosystem. In Online Ap-
pendix B, we use real DiDi data collected from
Hangzhou (capital of Zhejiang Province) to illustrate
the analytical results presented in this section.

5.2. Impact of £: Consumer Preference of DiDi to Taxi
As articulated in Section 3, we assume that consumers
prefer DiDi to taxis so that consumer valuation vp =
¢-vr with £>1. We now examine the impact of £ on
the welfare of different parties because DiDi can in-
crease { by improving its service quality. Given Kand
A, the impact of € on the welfare of different parties
can be described as follows.

Corollary 5. Suppose DiDi and taxis coexist and compete in
the same market. Then, when € increases, we observe the
following effects:

1. Consumer welfare S and DiDi platform’s profit Ilp
will also increase.

2. When K < %T, the total earnings of all DiDi drivers
& are increasing in €, and the total earnings of all taxi
drivers Il are decreasing in €.

3. When K> %T, the total earnings of all DiDi drivers
& are decreasing in €, and the total earnings of all taxi
drivers Ilr are increasing in €.

The first and second statements are intuitive: both
consumers and the DiDi platform benefit from higher
consumer valuation £. The third statement appears to
be counterintuitive because it suggests that the total
earnings of all DiDi drivers decrease in ¢ and the total
earnings of all taxi drivers increase in ¢. This result is
actually caused by DiDi’s pricing and wage decisions
as well as the underlying competition between DiDi
and taxis.
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To elaborate, recall from Corollary 1 that, for the taxi
industry to always remain in the market, the taxi
rate must be low so that Pr < 2{, 1 When Pris low, the
condition K> l/I\)T occurs when K is large. When the
taxi rate is low, the first statement of Proposition 2
states that it is optimal for DiDi to set its price rate

Py = = EUPORAMRUCD) ot P>t Pr, and set the

20 +Ku(e-1))
correspondmg wage rate w* = 2&%}% First, ob-

serve that the optimal price rate P}, increases in ¢, and
the optimal wage rate w* decreases in £. Second, ob-
serve from the first statement of Proposition 1 that,
when P}, > € - Pr, the resulting DiDi demand Ap = A -

(1—P _PT) and decreases in ¢, and the resulting

taxi demand Ar = A - (P o b

- PT) and increases in €.

These two observations 1mp1y that, when consumers
have a stronger preference for DiDi (i.e., when ¢ in-
creases), DiDi can increase its profit further by in-
creasing its price rate P}, and decreasing its wage
rate w* even though the resulting Ap is lower
(i.e., improve profit by having a higher margin even
though the demand is lower). As these K DiDi drivers
experience a lower wage rate w* and a lower de-
mand Ap, their total earnings decrease as ¢ increases.
On the contrary, as the resulting taxi demand Ar
increases in £, the total earnings of all taxi drivers
increase in .

6. Optimal Government Regulatory Policy
In Section 5, we evaluate the impact of regulatory
policies (Kp,c1) on different performance measures
by using parameter K. We now examine the optimal
regulatory policy by weighing different performance
measures.

6.1. Optimal Regulatory Policy

Recall from Corollary 2 that DiDi charges a higher
priceif the taxi industry exits the market. By assuming
that most governments are committed to (1) achiev-
ing social harmony and (2) protecting consumers
from paying higher prices, we focus on the case in
which the government is committed to helping the
taxi industry to remain in the market (i.e., At >0). In
addition, recall from (6) that there is an explicit re-
lationship between government regulatory policy
(Ko, c1) and the number of registered DiDi drivers K
in period 1; therefore, it suffices to determine the opti-
mal K* and then use (6) to retrieve the corresponding
optimal regulatory policy (Kj, c}). By focusing on K,
we can formulate a government’s problem as

max IIg(K) = ay - S(K) + a2 - &(K) + a3 - TIr(K)

+ ay - HD(K)
st. Ap(K)>0, (8)

where a; €[0,1] (with Z?:l a;=1) is the weight
assigned to different competing objectives. In addi-
tion, we define I'1¢(K) as the total social welfare. From
Corollary 1 we know that, to ensure Ar>0, ei-

2/\(1 Pr)
2€ 1 or K< K1 = W Furthermore,

from Proposition 2, we know that when taxis com-

pete in the market, DiDi’s optimal price P (K) =

(E-1+Pp)2A+Ku(€-1)) A(C-1+Py)
z(AT+1<p(€—1)) and w*(K) = 2(A+Kpu(l- =\

can further compute the consumer welfare S(K) =
1. (Z 2P | P3P 2P Py

Therefore, we

2(6-1)
drivers &(K) = K- & =
ings of all taxi drivers IIp(K) =
2A(1=Pr)+Ku(-1+Pr-20Pr)

2] AKu((-1+Pr)?
Ip(K) = (Pp = w") - Ap = Toisrurr—y-
government’s problem (8), we obtain the following
proposition.

) the total earnings of all DiDi

A2(2((=1+Pr)?
WW, the total earn-

T-Pr-4=Pr-A
and the DiDi platform’s profit

By solving the

Proposition 3. Suppose DiDi and taxis coexist and com-
pete in the same market and oy > apu (ie., the govern-
ment is concerned more about consumer welfare than about
DiDi drivers’ earnings)."® Then, the optimal K* that solves
problem (8) is listed in Table 3.

By noting from (6) that K* — co corresponds to a
laissez-faire policy (Kj — oo,¢j = 0), that K* =0 cor-
responds to a complete ban policy (Kj =0, c] — o),
and that K* — «; corresponds to a regulatory policy*’
with (Kj € (0,00),c] € (0,00)), Proposition 3 reveals that,
when the government is concerned more about con-
sumer welfare than about DiDi drivers” earnings (i.e.,
a1 > ap ), the optimal regulatory policy (Kj,cj) (through
K*) depends on Pr and the weights assigned to dif-
ferent performance measures as follows.

First, when Pr is low (i.e., Py < %), the first three
rows in Table 3 reveal that the optimal policy is either
the complete ban policy or the laissez-faire policy,
depending on the government’s relative emphasis

on different performance measures. Second, when

—((=1)(2 +2as—ar 1)
2(as—(€-1)ay —12a3)j—(2€2—1)a2y) and

when the government wants to support the taxi in-
dustry (i.e., when a3 is sufficiently high), the fourth
row suggests that the complete ban policy is opti-
mal. Finally, when Pr is high (i.e., Pt > 2{3 1) the fifth
and sixth rows reveal that a regulatory policy with
(Kj €(0,00),c7 € (0,0)) that yields K* — «; (through
(6)) is the optimal regulatory policy.

Pr is very high (i.e., Pt >

6.2. Numerical Analysis

We now numerically analyze the impacts of Pr and
¢ on the optimal regulatory policy (Kj,c;) (through
K* as stated in (6)). We set =1 and consider three
cases: (1) a1 =03, =02,a3 =01, 04 =04; 2) ¢ =
0.3, ap =0.2,a3 = a4 = 0.25; and (3) a1 =0.3,a, = 0.2,
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Table 3. Optimal Government Policy Under Different Cases

Conditions K*
Pr<fL a1 — 4as + 204 <0 and Pp > “Chwze) K'=0
a1 —4az +2a4 <0 and Pr < 77(;;7_12&‘;3%‘) K — o
ay —4az + 204 >0 K — o0
Pr> &4 2ay = (€= 1)ar = 2a3) + (20 = Dazp <0 and Pr> yp—pory iy K'=0
2(as — (€ = V)ag — 2a3) + (2 — )aau <0 and Pr < 2(a4:Eﬁjifvzﬁl;:é‘;i(_;fz—yl))azp K — 11
2(as — (€ = 1)y —2a3) + (20 = 1) > 0 K — 1

a3z =04, ay = 0.1. Here, the government places more
weight on taxi drivers (i.e., as a3 increases) and less
weight on DiDi (i.e., as as decreases) as we progress
from case 1 to 2 and from case 2 to 3. The optimal K*
associated with these three cases are provided in
Figures 4-6, respectively.

By comparing the optimal regulatory policy of the
three cases depicted in Figures 4-6, we observe that,
as the government is more concerned about the taxi
industry (i.e., as a3 increases), the government’s op-
timal policy becomes harsher (i.e., the regions associ-
ated with the laissez-faire policy, K* — oo, and the
regions associated with the regulatory policy, K* — «1,
become smaller). In addition, from Figures 4-6, it is
easy to check that, as ¢ (i.e., consumer’s preference of
DiDi to taxis) increases, the government’s policy is
less harsh toward DiDi in all three cases (i.e., K* in-
creases as { increases).

Finally, observe from Figures 4-6 that, as Pr in-
creases, the trend of the optimal regulatory policy be-
comes harsher to ensure the survival of the taxi industry.
Recognizing that Pr is regulated by the government,
this observation motivates us to examine in the next
section the implications of having the government use
Pr as an indirect control lever to regulate DiDi.

7. Taxi Fare as an Indirect Control Policy
In this section, we examine the implications of the
government using Pr as an indirect control lever to

Figure 4. (Color online) Case 1: Optimal Government
Policy When a; =0.3,a, =0.2,a3 = 0.1, and ay = 0.4

Pr

o<

regulate DiDi. We first analyze the impact of Pr on
DiDi’s pricing decision and traffic congestion for a
given regulatory policy via K (as explained in Section
5). Then we endogenize the Pr decision by studying
numerically the case in which the government sets
both the regulatory policy and taxi fares (i.e., (Pr, K))
to maximize the total social welfare I1;.

7.1. Analysis of the Strategic Role of Taxi Fare
For any given K, we now examine how the govern-
ment can use Pr as an indirect control mechanism to
regulate DiDi. To facilitate our analysis, we consider
the following sequence of events that is consistent
with our base model as described in Section 3.2 as
follows:

1. The government decides on Pr.

2. DiDi decides on its (Pp, w).

3. Consumers decide on their travel mode (DiDj,
taxi, or public transportation).

4. DiDi drivers decide whether to participate in
providing a service.

Note that DiDi drivers are independent contrac-
tors who can decide whether to participate in period 2.
However, we assume that taxi drivers accept rides to
recover their sunk costs. By recognizing these differ-
ences and by using the same approach as presented in
Section 4, we can use backward induction to analyze
DiDi’s optimal price decisions as follows. (Details are
omitted to avoid repetition.)

Proposition 4. Given the number of registered DiDi drivers
K and the demand rate A, DiDi’s optimal price P}, satisfies
the following:

20+Kp(t-1) . _ ((=14PPQA+Ku(C-1))
L If Pr< A+Ku(e-1y then Pp, = —Z(ATH(p(t’—l)) - In

this case, both DiDi and taxis coexist and compete in the
same market.

20+Kp(-1 20+0uK . .
2. I]‘WM < Pr < 3iioper then Pp = € Pr. In this
case, DiDi can drive the taxi industry out of the market
so that At = 0.

2A+LuK « _ C(2A+Kul) , -
3. IfPr > ST then Py, = 2TKAD) In this case, DiDi
can drive the taxi industry out of the market so that At = 0.

Note that Proposition 4 is akin to Proposition 2;
however, Proposition 2 is based on a given Pr, and

Proposition 4 is based on a given K. Furthermore,
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Figure 5. (Color online) Case 2: Optimal Government
Policy When a3 = 0.3,a;, = 0.2, and a3 = a4 = 0.25

Pr
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BT K =0
==
O'Sf [ K=o
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Proposition 4 has the same interpretation as Propo-
sition 2: for the taxi industry to survive in a competi-
tive market, the government needs to set a low taxi fare

2X+Ku(f-1) 2A+Ku(f-1) for

(-1
that has Pr < 5z oy Because 3= < srpin;

any K> 0, we obtain Corollary 6.

Corollary 6. Given the total number of registered DiDi

drivers K and the demand rate A, the taxi industry can
2A+Ku(f-1) I

2A+Ku(2e-1) 1
addition, if the government adopts a laissez-faire policy so
that K — oo, then the government should set an even lower

taxi fare Py < =L to ensure the survival of the taxi industry.

survive only when the government sets Pr <

Note that Corollary 6 is analogous to Corollary 1
and can be interpreted similarly. We omit the details.
We assume the number of taxis on the road will not
change because all taxi drivers will always serve in
period 2. Therefore, to reduce traffic congestion, the
government should focus on reducing k (i.e., the number
of DiDi cars on the road in period 2). The following
corollary establishes the relationship between k and
Pr where taxis and DiDi coexist and compete in the
same market.

Figure 6. (Color online) Case 3: Optimal Government
Policy When aq = 0.3,a, =0.2,a3 = 0.4, and a4 = 0.1

Pr

1B K*=0
0-4j B K-
EAL] K — oo
03[
02[
0.1}
00
1.0 1.2

Corollary 7. For any given number of registered DiDi
drivers K, DiDi’s optimal price is given as P}, =
%%@, and it is increasing in Pr. Also, the
corresponding number of DiDi cars on the road is given by

« _ AKu((=1+Pr) w s . .
k= SRy where k* is increasing in Pr.

Owing to the underlying competition, Corollary 7
reveals the impact of Pr on Pp, as well as k. This
observation suggests that the government can use
Pr as a lever to control DiDi’s price rate and the
number of DiDi cars on the road indirectly without
imposing direct regulatory policy over DiDi. For in-
stance, by lowering Pr, price competition forces DiDi
to lower its price P, and reduce the number of DiDi
cars on the road k*. We examine this issue next by
examining the case in which the government sets its
regulatory policy via K and the taxi rate Pt to max-
imize the weighted performance measure as stated
in (8).

7.2. Maximizing Social Welfare via Pr and K

We now consider the case in which the govern-
ment sets both regulatory policy (via K) and the taxi
rate Pr. Specifically, the government decides the
optimal pair (P}, K*) that maximizes the social welfare
as defined in (8) while ensuring the survival of the taxi
industry. Hence, the government’s problem can be
formulated as

max Ig(Pr, K) = a1 - S(Pr, K) + a2 - &(Pr, K)
Tr

+ a3 - (P, K) + ay - IIp(Pr, K)
s.t. /\T(PT/ K) >0, (9)

where a; € [0,1] (with I}, a; =1) are the weights
assigned to different competing objectives. Using
the results (i.e., K*(Pr)) as stated in Proposition 3, we
can further optimize Pr for each case to obtain the
optimal pair (P}, K*) that maximizes the government’s
objective function. To do so, we conduct two nu-
merical experiments by setting A =100 and y = 1. In
the first experiment, we fix £ =1.1, a, = 0.1, vary az
from 0 to 0.8, and set a1 at 0.1,0.2, or 0.3 so that oy =
1-a1— ap—as. Then we plot the optimal policy
(P7, K*) and the corresponding ITj; associated with the
first experiment in Figure 7. Similarly, in the second
experiment, we fix a; = ap = 0.1 and plot the corre-
sponding results in Figure 8.

Observe from Figures 7 and 8 that the government
should take a complete ban policy toward DiDi (i.e.,
by setting K* = 0) when the government’s emphasis
on the taxi drivers’ earnings (i.e., a3) is sufficiently
large but should take either a laissez-faire approach
(i.e., setting K* — o0) or a regulatory policy (i.e., setting
K* — «x1) toward DiDi when a3 is small. In particu-
lar, when a3 is small so that either K* — x71 or K* — o0
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Figure 7. (Color online) IT; and (P7, K*) When (a1, a3) Varies
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(depending on the value of a; as in Figure 7 or € as in
Figure 8), the optimal taxi rate P} is nonincreasing in
as to stay competitive in the market; however, when
as is very large and the government issues a com-
plete ban policy toward DiDi by setting K* = 0, then
the optimal taxi rate P7 is increasing in a3. This result
implies that, when the government does not place too
much weight on taxi drivers’ earnings (i.e., when a3 is
small), lowering Pr can improve the competitive-
ness of the taxi industry for survival. At the same time,
lowering Pr is an optimal strategy that maximizes
the social welfare ITg(Pr, K) by considering differ-
ent competing objectives associated with different
stakeholders.

Next, observe from Figure 7 that, when the gov-
ernment places more weight on consumer welfare (i.e.,
aj increases), it should lower P;. In addition, as the
government lowers P7, the bound x; = %

Figure 8. (Color online) IT;, and (Py, K*) When (¢, a3) Varies

01 (=14"
%
Il
15 A
K*=0
---K*— K1
10 I R L T R N S o K* _} o0
0.0 0.2 0.4 0.6 0.8

0.4 1
0.3
=0.2
P;j f\,l 0.2
021 . _
0.1 1 — K'=0
I O IRREE AT S Y G N K
ap = 0.3 ...... K* =
0.0 0.2 0.4 0.6 0.8
a3

becomes higher. Hence, when a3 is comparatively
small, the government should reduce P to ensure the
taxi industry can survive and take a less strict pol-
icy toward DiDi (i.e., set a higher K*) as a; increases
so that consumers can enjoy a lower P} and a higher
availability of DiDi cars (via K*). Similarly, when con-
sumers have a stronger preference for DiDi (i.e., when
¢ is higher), Figure 8 reveals that the government should
lower P} and set a higher K*.

From our numerical results, we can see that, if the
government can both adjust taxi fares and regulate
DiDi and not place too much weight on taxi drivers’
earnings (i.e., a3 is small), setting a lower Pr and a
higher K* can better balance the different objectives. In
particular, when the government is concerned with
consumer welfare and/or DiDi further differenti-
ates its service quality from that of the taxi industry
(i.e., aq is large and/or ¢ is high), it is optimal for the

0.4 1
*
Pr
0.3 1
— K"=0
———K*—>l€1
621'4 ...... K — 00
0.0 0.2 0.4 0.6 0.8
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government to simply set a more competitive P} in-
stead of tightening the control of DiDi or issuing a
complete ban of DiDi.

8. Conclusion

Owing to the social costs and benefits of ride-hailing
services, such as DiDi and Uber, many governments
are undecided regarding the regulation of these in-
novative services. As an initial attempt to explore the
implications of a class of regulatory policies (Ko, c1)
adopted by the Chinese government and the New
York City Council, we develop a unified two-period
game-theoretic model to capture the strategic inter-
actions among different stakeholders (government,
DiDi, DiDi drivers, and consumers). We show that,
without government regulation, the on-demand ride
service can drive the taxi industry out of the market
when taxi fares are high and when the number of DiDi
drivers is high. Furthermore, we show that once taxis
exit the market, DiDi increases its price. To protect
consumers from paying high prices and to sustain the
taxi industry, we examine the impact of different
regulatory policies (complete ban, laissez-faire, and
a regulatory policy that either caps the maximum
number of DiDi drivers or imposes various driver eli-
gibility criteria) on the competing objectives of differ-
ent stakeholders.

Our key findings are as follows. First, compared with
laissez-faire (i.e., no regulation), our analytical results
suggest that a regulatory policy (ie., Ky € (0, ),c;1 €
(0, 0)) can help the taxi industry to survive in the
market. Second, by imposing an entry fee ¢, the number
of registered DiDi drivers decreases, and DiDi in-
creases the wage rate so that each registered DiDi
driver earns more under this regulatory policy. Sec-
ond, compared with a complete ban policy, this
regulatory policy strikes a balance among different
competing performance measures: taxi industry sur-
vival, DiDi’s profit, DiDi drivers’ earnings, and con-
sumer welfare.

We examine the government’s optimal regulatory
policy that maximizes the total social welfare based
on the weighted sum of different objectives associ-
ated with different stakeholders (consumers, taxi
drivers, DiDi company and DiDi drivers). We find
that the government’s optimal policy (K}, ¢;) depends
on the taxi fare and the weights assigned to different
objectives. Specifically, when the taxi fare is higher
than a certain level (i.e., Pt > %), we show that it is
optimal for the government to intervene by imposing
a regulatory policy or complete ban to ensure the
survival of the taxi industry so as to (1) achieve social
harmony and (2) protect consumers from higher price
surges set by DiDi once taxis exit the market. By
conducting a numerical study, we find that, as taxi
fares increase, it is optimal for the government to set a

harsher regulatory policy to reduce the number of
registered DiDi drivers.

To reduce traffic congestion as well as balance the
welfare of multiple stakeholders, we also examine
an alternative way to control DiDi indirectly by
reforming the taxi industry via adjusting the taxi fare
Prinperiod 2. We show that, by lowering the taxi fare,
the government can force DiDi to lower its price and
wage so that there are fewer DiDi cars on the road.
Therefore, by allowing the government to set the taxi
fare freely (as a decision in period 2), the govern-
ment can control the number of DiDi cars on the road
without imposing direct control. By conducting a
numerical study, we also show that, when the gov-
ernment places a comparatively small weight on taxi
drivers’ earnings, it is optimal for the government to
lower the taxi fare and take a less strict policy toward
DiDi. In particular, when the government empha-
sizes consumer welfare and/or DiDi’s service quality
further improves, it can be optimal for the govern-
ment to simply set a competitive taxi fare instead of
a tightly regulated policy or a complete ban policy
toward DiDi.

Our study represents an initial attempt to analyze
the implications of government regulations regarding
innovative business models (e.g., on-demand ride
services). Our model and results can help governments
develop better regulations with a better understand-
ing of their implications. Despite the limitations of our
model, new avenues for future research have opened
up. First, it would be interesting to examine other di-
rect or indirect regulatory approaches that can enable
governments to support innovative start-ups with-
out destroying traditional companies. For example, a
government may adopt direct control of a start-up
company’s pricing format (e.g., the Chinese govern-
ment could request DiDi to charge above certain
levels), may require a company to differentiate its
service from that of existing industries (e.g., the Chinese
government could request DiDi to focus on SUV ser-
vices only), or may provide subsidies to reform tradi-
tional industries (e.g., the Chinese government could
provide subsidies to taxi companies to develop similar
mobile apps to compete and to reduce taxi drivers’
operational costs so as to reduce the taxi fare).

Our model focuses on strategic-level decisions with-
out dealing with various operational aspects, such as
waiting time, dynamic demand,”' competition among
taxi drivers, regulation of the taxi industry, and driver’s
career choice (i.e., to register as a DiDi driver or a taxi
driver) so that the number of taxi drivers is deter-
mined endogenously. Therefore, it would be of in-
terest to generalize our model by incorporating various
operational issues in the future. In summary, we find
that these innovative business models offer many re-
search avenues for researchers to explore.
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Endnotes

TFTC, 2016, The “Sharing” Economy Issues Facing Platforms, Par-
ticipants and Regulators, FTC Staff Report, November 2016.

2In 2017, the European Union’s top court decided that Uber should
be regulated as a licensed transport firm (BBC 2017).

¥ For example, the following rule of Hangzhou was effective on March
1, 2017. First, to qualify as a ride service car, the vehicle must be
locally registered, have been used for less than five years, have a
wheelbase no shorter than 2,700 mm (2,600 mm for new energy-
efficient cars), and an initial price of no less than RMB 120,000.
Second, to qualify as a ride service driver, a driver must be a local
resident or have had a local residence permit for more than six
months in Hangzhou, have at least three years’ driving experience,
and pass certain driving tests associated with private ride services.
Third, the new rules stipulate that the on-demand ride service is not
allowed to set its price below the cost of operations.

#Recognizing that taxi drivers have been viewed as entrepreneurs
after the economic reform in 1978, the Chinese government aims to
strike a balance between encouraging innovative business services
and sustaining the taxi industry to achieve social harmony—one
of the important goals of the Chinese Communist Party.

®For example, Chinese government officials claimed that these new
regulatory measures were intended to reduce traffic congestion (and
air pollution) in major cities. The director of the Beijing Municipal
Commission of Transportation stated that, as more than 100,000
private cars provide 600,000 to 700,000 trips each day for various on-
demand ride services, the traffic congestion in Beijing has worsened
(Yu 2016). Hence, these new measures can reduce the growth of on-
demand ride services and reduce traffic congestion. Like the objec-
tives of the Chinese government, those of the New York and London
governments are to reduce the number of cars on the road so as to
reduce traffic congestion (The Economist 2018).

®For convenience, we use DiDi to represent an on-demand service
company throughout this paper.

In many countries, such as China and Singapore, taxi fares are
controlled by the government.

8 This assumption is reasonable because these decisions are made
rather infrequently. For example, the 2017 taxi rate in Beijing was set
by the government in 2013. Before this rate reform in 2013, the
previous rate change took place in 2006 (Jin 2013). Also, taxi drivers
cannot switch to become DiDi drivers because they have signed long-
term commitments: (a) most of them sign long-term (three-year)
contracts with taxi companies and (b) most of them are in debt
owing to high taxi licensing fees (RMB500,000 or US$75,320 in
Shanghai).

®We restrict our focus on variable pricing so that (Pp,w) depends on
the customer demand A. In other words, we do not consider the true
dynamic price setting; therefore, (Pp,w) depends on the demand
rate at different geographical locations in every single time instant.
The support of variable pricing has been documented in the literature.
For example, as articulated in MacMillan (2015) and Taylor (2018),
many customers resist real-time dynamic pricing, and most on-
demand service platforms other than Uber and Lyft tend to adopt
this form of time-based variable pricing. More importantly, our variable
pricing assumption can be justified by the new DiDi’s time-based
variable pricing rule effective since April 2017 (China Daily 2017).

®Here we scale the customer travel distance to one because travel
distance does not affect a customer’s decision.

"In the event that some customers prefer DiDi and others prefer
taxis, we can extend our model as follows: within the population, a
proportion a of consumers prefer DiDi and, therefore, £>1 although
1 —a of the consumers prefer taxis and, therefore, £ <1. For ease of
exposition, we set 2 =1 to capture the preferences of the majority.

Nevertheless, we may use the same approach to examine the case
in which a <1, and we omit the details.

"2 Besides its own app, DiDi is also embedded in WeChat and Alipay
(two dominant apps in China); therefore, it is very convenient for
people to call the DiDi service and make a payment via these apps
(Muoio 2016).

3In Online Appendix A, we examine the robustness of our results by
(1) conducting a numerical study regarding the normally distributed
consumer valuation and (2) analyzing another boundary case with
independent consumer valuations. From these robust analyses, we
find that our key results hold.

“When Ap >k, we do not consider the case in which a DiDi driver
provides services multiple times because customers do not wait and
switch to other travel modes when no DiDi driver is available.
Therefore, when Ap >k, the excess demand is lost and the transac-
tion quantity Qp = k.

15R2 incorporates the operational costs in certain time periods. First,
R; varies among different DiDi drivers so that it captures the het-
erogeneity among them. Second, for each DiDi driver, R, may vary
from time to time.

"6 Based on real DiDi data, we found that the average travel distance
of a trip was rather stable across different hours. Therefore, we scale
the expected travel distance of a trip to one throughout the paper.

" Before the Chinese government imposed regulations, any driver
(both local residents or immigrants from other provinces with very
little driving experience) could use any car (old or new, small or large)
to register as a DiDi driver. First, as there were no eligibility crite-
ria for DiDi drivers, anyone could register as a DiDi driver. Given the
huge population in China, we simply assume K, — oo. Second, as
there were no requirements for cars, drivers could use any car to
provide services so that the entry fee was very low. For simplicity,
we assume ¢1 = 0.

8We can also consider the total net present value of all K DiDi
drivers’ earnings in period 2 (ie., K- &), and by setting the
discount factor 6 = 0, the net present value & = K- &.

19Although we focus on the case in which a; > ayy, we can obtain
the optimal government policy for the case in which a; < apu by using
a similar method, and we show the result of that case in the proof.

® As implied from Propositions 1 and 2, we use K* — ; to denote the
case in which K* = k1 —€ <« (€ is arbitrarily small) to ensure that
Ar >0 so that the taxi industry can remain in the market.

#'We examine the case in which demand follows a two-point dis-
tribution and obtain the same structural results. We omit the details
to avoid repetition and to simplify our exposition.

21n our data sets, we do not have DiDi’s exact price and wage data of
each trip for confidential reasons. However, we can learn DiDi’s
specific variable pricing rules from its mobile app. In Hangzhou, there
are two parts to the charging rates: mileage fee (2.4 RMB per kilo-
meter from 6:30 a.m. to 11 p.m. and 3 RMB per kilometer at night from
11 p.m. to 6:30 a.m. when the travel distance is smaller than 12 km;
otherwise, the excess 12 km part is charged an extra 0.8 RMB per
kilometer) and time fee (0.35 RMB per minute). The minimum
charge is 8 RMB. In addition to the regular variable charging policy
shown, DiDi claims that it also applies surge price during peak
hours (e.g. 1.2 times the regular price).

#Bai et al. (2018) showed DiDi’s average price rate in Hangzhou
across different hours from 8 a.m. to 12 a.m. between September 7 and
13, 2015. Owing to data incompleteness and to make a parallel il-
lustration, we show the average price rate from 8 am. to 23 p.m.
before and after the new rules in Figure 15 in the online appendix.
#The taxi’s pricing system of Hangzhou does not vary before and
after the new rules so that we have only one bar to show taxi’s
price rate in Figure 15 in the online appendix. In Hangzhou, taxis
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apply a tier pricing system: for the first 3 km, it charges a fixed
amount of RMB 11; then, for the part between 3 and 10 km, it
charges 2.5 RMB per kilometer; and for the part in excess of 10 km,
it charges 3.75 RMB per kilometer. And we also apply the taxi’s
pricing system to the average travel distance and time of our data
set to estimate the corresponding taxi’s average price rate across
different hours.
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