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Regulating platform competition in two-sided markets

under the O20 era

Abstract

Online-to-offline (O20) services permeate our défyand consumption along with the advanced
technology in e-commerce. In this study, motivdigdaxi-hailing market case, we analyze the
effect of government regulations on competitiotwn-sided markets featured network externality
under the O20 era. First, a model with Hotellingafication is formulated to describe the
competition in taxi-hailing markets using subsideglecision variables. In the model, platforms
subsidize two sides agents labeled drivers andepgsss, and the subsidies are given based on
whether a state of membership or every transacBenond, government regulations are introduced
into the model by adding corresponding modificaiitio agents’ utility, and new consequent
market equilibriums are compared with the benchrstatus. Major findings of this work include:

i) the effects of price adjustments regulation ceblargely on relative size of mutual network
externalities, which causes a negative impact crabwelfare except for extreme size level; ii) tout
joint with official platforms brings down platforrsost in both sides so that companies make more
profits, where social welfare including consumenptus and profits increases; iii) forbiddance
setting in time limited usage scarifies a littl@eomic effectiveness to ensure better safety.
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1. Introduction

In recent years, the advanced mobile technologyduhss into an online-to-offline (020)
community, where the mobile payment technology pkay increasingly important role. O20 refers
to an integration of offline commercial opportuegiinto online operation and services. An example
of 020 is the popularity of taxi-hailing applicati® (apps), mobile software that matches drivers
and passengers online to build offline connectitmaddition, the advent of O20 has increasingly
promoted transformation in many industrial sectorest of which feature the characteristics of
two-sided markets. Rather than going out to spetufictional zones for services, customers now
can enjoy services delivered to them at almostiereyand anywhere, so the way of bridging the
supply chain from suppliers to customers has beanged (Xu et al., 2009; Wu et al., 2008; Wu et
al., 2009). Various platforms are established toesas intermediaries for ordering goods and
service, e.g., clothing websites, online cosmetiailers, and take-out delivery service. In alkthe
cases, cross-group externalities exist, i.e., thgota connects two groups of agents and whether
one group of agents attend and enjoy a platformobrelying on how the platform performs on
attracting the other group of agents. For exantpketake-out service platform will attract more
customers if more restaurants would settle in. Agsflaurants are willing to participate into the

platform if the platform shows its potential to lkeaa large number of customers.

The definition of two-sided market can be givemirtwo angles. Kaiser & Wright (2006), Rochet
& Tirole (2006) propose that two-sided platformsecdo two groups of agents, where the trade
volume is sensitive to the distribution of the pador both sides agents, but not only the surhef t
two prices. Different from the definition with pacstructure, Armstrong (2006) gives an intuitional
instruction from the perspective of network extditpaA two-sided market involves two groups of
agents that are connected through a platform, wtheraumber of one group has a large impact on

the utility of the other group. Payment card matlgptcally operates in this way that the cards are



more valuable for consumers if more business aedegpem as one of the payments (Hunt, 2003).
Further, Weyl (2010) concludes three features ofs$wled market: multi-product firm, cross

network effects and bilateral market power.

The regulating problem rose along with the develepinof two-sided markets. To the best of our
knowledge, however, there is few published papsrading on quantitative analysis for policy
evaluation. This paper, motivated by the populaitg growth of 020 mode in China and the
competition between platforms appeared in taxismgiapps market, is devoted to policy
performance based on game theoretic method of mmgddkaxi-hailing app is mobile software
connecting drivers and passengers through onletéopin to enhance the offline service efficiency.
In 2014, taxi-hailing apps penetrated the largen€$e market, and two leading firms, i.e., Didi and
Kuaidi, competed through price, precisely subsighgto both sides -- drivers and passengers.
Figure 1 shows the Baidu Search Index of ‘taxithgiapps’ from 2012 to 2015 (Baidu Search
Index is produced by Baidu, a widely used seardinenin China, to reflect trends in specific key
words search frequencies).

Place Figure 1 about here

Figure 1 implies that attention to taxi-hailing aggoomed at the beginning of year 2014 in China.
A few weeks later, the search amount and frequéicgown along with people’s awareness of this
new taxiing way and the acceptance to it. The pajiyland wide-ranging usage of taxi-hailing
apps can be evidenced by China's smart travelrdptat issued by Didi research and CBN Data.
According to the report, smart travel platformsvee300 million registered passengers and 10
million registered drivers up to the end of 20562015, the number of registered taxi-hailing app
users increases at an average rate of 13% per nidnghexplosive growth in a two-sided market
breeds problems in various aspects. In this exaoffkexi-hailing apps market, the business model
challenges the licensing system in traditional tagtustry, and lead to safety risk because drivers

need to pay attention to the phone when drivingidis, the growth tendency in this market shows



a potential in becoming a monopoly market form wheaple get more stick to a platform because
of the network externality. Therefore, regulati@ame required, and as expected, this dramatically
increasing competition in taxi-hailing apps marttees not last for long time due to the intervention
of Chinese government, and local governments pepasous ways of regulations. This paper
discusses about effects of several governmentaggns$ of the above problem. Although the
problem is explored with detailed setting in modle& analysis of this paper is representative
because different industries are with similar depilg patterns. For instance, the take-out services
and bicycle sharing industry are currently expegiieg what taxi-hailing market experienced years
ago, where platforms offer discounts to competefbigher share of consumers. A theoretical
explication in the impact of government regulatiorthe taxi industry can provide guideline to the

development in many other industries.

The remainder of this paper is organized as foll&extion 2 provides the literature review. The
model to describe taxi-hailing apps market basethermodel built by Armstrong (2006) is
formulated in Section 3. Regulations carried outdmal governments are analyzed in Section 4. At

last, in Section 5, we conclude the paper and Idsiaie discussions.

2. Literature review

In this section, the literature review is condudieuin two aspects.

The first aspect is the price strategy in the cditipe in a two-sided market and also the welfare
situation. Large amount of research integratestigel@omplexity when exploring corporations’
logic of business, impact factors and new competithodes. Caillaud & Jullien (2003) study the
existence of effective equilibrium when group oéats is exclusive to one platform or multi-

homing. When platforms are indifferent, one platiattracts all agents is efficient. Rochet &



Tirole (2003) research on the logic behind platfsratrategy of making profit from one side to
subsidize the other side and impact factors, inotpglatform management, difference in platforms
and their pricing ability based on amount. Armsgy¢2006) discovers that the price structure is
largely affected by cross externality, the fixedgper-transaction types of fee, and whether agents
are exclusive to one platform or not. He shows pitetforms would charge high from multi-homing
agents to compete for those single-homing custaridfferent from Armstrong’s (2006) focus on
the membership externality, Rochet & Tirole (2088)eal the difference between membership and
usage externality and bring both into analysiseAffonsidering the proceeding basic problems
containing effectiveness, profit mechanism, typlesxbernalities, researchers begin to take differen
scenarios into account. Complements are made kchethie solutions to applications in various
market forms. Armstrong & Wright (2007) allows @ifént degrees of product differentiation
existing in two sides, and multi-homing as well. 8irsellers regard platforms as identical and
buyers not, the result in equilibrium reveals matis’ focuses on buyers yet leaves sellers no gains
from transactions. Azevedo & Leshno (2014) integtedterogeneity preferences into the model for
two-sided matching markets, and consider the contmof traders, giving price-theoretic analysis
of school competition. Jullien (2011) applies Stlbkrg game and the result shows the leader will
restrain trade with one side to moderate compatiftysman (2004) studies detailed real case of

Yellow Pages directories market resulting in a @refice to competitive market pattern.

Little current research brings subsidy into consatlen that means consumers are offered discounts
to choose a platform instead of being charged foertain price, which is a frequently used strategy
in this competition. However, Amelio & Jullien (2Bjluse tying as the implicit mechanism to
subsidy, which results in more participation framotsides and agents profit in monopoly platform
situation. Jay Pil Choi (2010) analyzes the welfailt of tying when allowing multi-homing in
platforms. Markus Reisinger (2014) considers therogeneity in trading behaviors of both two

sides of platforms under the two-part tariffs pricem, which cannot be distinguished by platforms



in advance. This can realize equilibrium uniquenbtek J. McCabe & Christopher M. Snyder
(2016) study the problem in the two-sided marketftademic journals involving free subscription
fees when traditional way changes to open-accesagb The efficiency and profitability are
analyzed and the result shows that the new waypeanofitable for a commercial journal since the
other authors’ side can compensate the loss iretider side. Market equilibriums are widely

discussed but much fewer researches concern tiedyariation in social welfare.

The other aspect is regulation in two-sided markektéch mostly aims at antitrust cases.
Economides (2004) points out that competition amdrast law act with the mission of efficiency
maximization. However in two-sided markets, thdreves more concerns with dynamic efficiency
rather than the efficiency in production and disition. Evans’s (2003) analysis gives five aspects
containing marketing power, entrance barrier, pi@garicing, market delineation and assessment
for market efficiency that need sufficient conceldnsRoson’s (2005) opinion, antitrust law is lack
of the update understanding of two-sided marke&ylting some problems. Researchers commonly
apply qualitative methods to draw conclusions alieaitures and impacts of antitrust actions in
two-sided markets. Wright (2004) analyzes real laggan policies for credit markets in the UK and
Australia. Similarly, this paper collects real r&gions that governments brought forward and
analyzes with game theoretic method without artraisti focus. Economides and Tag (2009)
consider net neutrality regulation that means rexgdnto content providers in two-sided markets.

In monopoly market, whether the net neutrality fation induces positive change in industry
surplus or not largely depends on the parametgesarin duopoly market, this regulation increases
surplus if content providers multi-home and custasingle-home. Kim (2016) researches on the
two-sided market with a monopolistic media platfamtheoretical framework. He analyzed how
the factors like matching technology, prosumergoénd advertising technology impact on the

social welfare, and policy tools are suggested.



Current research on the subject of two-sided mart@inmonly emphasizes the competition and
the antitrust regulations as above. Therefore,gher tries to make a complement in exploring
several other real regulations within the scopevotsided market and makes an assessment, to
give lights to recognize government’s impact. Thailing apps market is an instance we choose to

realize this disquisition under this O20 era.

3. The model

In this section, a model of two-sided markets witb platforms competing with each other is
formulated. The model comprises two types of agseitged by platforms as intermediaries to build
interactions between the two groups of agentshdreikample of taxi-hailing apps market, drivers
and passengers are the two groups of agents cedn@gcthe apps. In the model, consumers are
supposed to be exclusive to one platform, whiclsdue mean they only install one app but they
compare both platforms and choose one to useraealbecause usually apps of the platforms are
free to download. This is different from situationdigital media market, where considering multi-
homing is meaningful because usually consumerdgesyto obtain the membership for exclusive
content. However, in this taxi-hailing market, ttexo cost for downloading an app makes the
choice between services operates the same wayapedple do in selecting which to buy
between two things. So for this paper, the assumpsi that all the agents are able to get access to
the two platforms easily and free, and they arly &gnsitive to prices without loyalty to specific
platforms. One point worth noting is that this asption dose not lose much generality because
many two-sided markets under the O20 era sharsaiine features with taxi-hailing apps market.
Consumers can easily, especially freely acquiragps and then make a choice, where the content

are of a low level of exclusiveness.



The two groups of agents are indexedkoy1,2. For concreteness, we label drivers as 1 and
passengers as 2. It is assumed that they care tlgontimber of the other side agents, but are
careless about how many people from the same aidieipate into this platform. There is a
tradeoff if we consider the effect brought by agdnbm the same side. On one hand, agents wish
more participation on the same side so that mogatagn the other side can be expected. On the
other hand, the competition relationship among tdeoreases agents’ enthusiasm in calling on
more same side agents to take part in. The tworggyaeeffects counteract much leaving it
reasonable for this paper to suppose only crosspgeaternality as most papers do. The two

platforms are indexed by j .

3.1 Passengers

The reality of taxi-hailing apps market shows ttiet software providers do not charge agents for
using the app, instead, they give coupons to hddsof agents to encourage usage. This paper
adopted Hotelling model to characterize produdedintiation. As assumed, the two platforms are

located at the two ends of a line with length o&rdd agents of each side, are normalized to 1 with
uniform distribution along the line. The platforifij) gives coupons to passenger, the value of
which is denoted by’ (t‘) . A coupon can be used whepalssenger has a transaction with a

driver by matching a taxi ride through the platfoivihen a passenger opens the app and looks for a

taxi, there is a possibilityp that he is successfully matched to a driver, wisdargely depend on

the number of drivers on this platform. The fornassumed to bep)(nil) =a,n,, wheren! denotes

the number of drivers on the platforimand a, measures network externality, or intuitively the
increase in possibility when adding one more driVee transaction meets the car using demand of
a passenger, which averagely brings utility to ldenoted by, .

So the utility of the passenger who located at fp#iarticipates into platfornn is given by:



(1)

u, = afzni(v1 +ti)— I,X
where the poini refers to the position on the line distanses heoend platform  located at.

And the utility of the passenger when choosingfptat | is given similarly:

()

u =a,n (v1+tj)— 7,(1-X)
where 7, in both (1) and (2) is ‘transportation’ parametader Hotelling specification, depicting
the distance between the real product and the ateafor agents along witk.

More details in explanation are necessary for tebenhderstanding of this model formulation. The
distance between the two platforms is a descripgiotheir product differentiation in the Hotelling
specification. The notatiol is defined to spot the location of a consumer ating to his distance
to one platform in the line, assumed platforrhere. It is easier to understand the disutility of
choosing a platform if we make an analogy and ikze distances in model as in the real
geography and space. The consumer needs to widkaack ofx to arrive at platformi and reach
the product, while he Walk(i— x) distance to arrive at the position of platfojmWhat he spends
in walking to access a platform brings him distytiln proportion to distance, which is denoted by
T Lx and referred as ‘transportation’ cost. Therefbegk to the product differentiation context of
model in this paper7 [x and r [(1— x) refers to the disutility for the consumer to ukatfprm |

and j. We mention the real product and ideal produciffier a substitute explanation to the
‘transportation’ cost. The ideal platform for a samer positioned at distance to platform, if
exists, should be the one positioned where hehghwmeans he has no disutility for using it.
Platform| is a real platform in the market different frone tideal platform, and the difference
between them is described as the distance between r denotes the disutility per unit distance,

which is multiplied with the distance to denote tigole disutility.

Coupons are not given to all the passengers, sovierassume a passenger gets a coupon for a ride

with possibility 4. The size of possibility is assumed to be deteeahiexogenously. Otherwise,



when considering endogenous control of the possilplatforms’ strategies can be more
complicated like targeted coupons to agents wintose to them or making price discrimination.
For simplicity, these are not included in this modéen for those who do not get a coupon, the
utility is given by

Uy = @,nV, — I,X (3)

ué = 2nle1 -1 (1_ X) (4)

3.2 Drivers

Platforms offer subsidies to drivers in a differeuaty, which depend mostly on overall performance
in a period of time like a month instead of on@saction. For example, the platform sets up prize
rules for drivers in light of their performancesdicated by the rate of good reviews from
passengers, the number of orders per month. Theigptice’ for drivers, denoted by shows a
feature of membership fee rather than per trarmaétie, which should be added into their utility

function in a relatively fixed way:
Ul =anv, +s - 1,x ()
when the driver located at poirtparticipates into platfornh. And
ul =aniv, +s' - 7,(1-x) (6)
if she or he participates into platforin Similarly, 7, also means ‘transportation’ cost, same as

but is for drivers. All the parameters in the paper non-negative.

3.3 Market equilibrium

To obtain the market equilibrium state, this secficst deal with the demand on both sides and
then solve for profit maximization, followed witimalysis in consumer surplus and social welfare.
We begin with spotting the location of indifferasdnsumer, who has the same incentive to join

either platform because he receives equivalentyfibm two platforms. There are four categories



of passengers considering whether passengers gabe® from platforms. One category receives
no coupon, another refers to those receive coufponsboth two platforms, and the last two

categories contain those receive one coupon frptatborm.
Among all the passengel(s,—,u)2 of them do not get any coupon from platforms,reolocation

of the passenger indifferent between platfoinjsis given by:

m = (1_ Iu)z Dazvl(zni _1) +,

(7)

271,

Equation (7) also implies the number of passengarsparticipate in platform because
passengers who are closer to platfartan indifferent one would obviously choos€eThe
proportion of the passengers who get coupons froim platforms isg” , so as above, the position

of indifferent passenger implies the number of pagsrs of this type who participate in platform

azni(v1+t‘)—azn1" (v1+tj)+ T,

- 2 D 8
m, = u 21, (8)
The proportion of passengers who get coupons oaiy platformi is ,u(l— ,u), and then the
number of those participating in platforivis given by:
av,(2n —1)+a,nt' +1
rng — ,U(l_ ﬂ) D 2 1( 1 ) 2nl 2 (9)

271,
The proportion of passengers who get coupons oaty platform j is (1— ,u),u, and the number
of those participating in platformis:

azvl(Znil —1) —at! (1— n'1) +7,

m, =(1- ) u3 or, (10)

Therefore, the total number of passengers participan platformi, denoted byn, is given by

n, =m +m,+m, +m, (11)



Drivers do not need to be classified into seveagdgories because they do not receive subsidies

upon an exogenous possibility. Except for this,dame way can be utilized to imply the number

who participate into platfornh, denoted byn; :

av, (2ni2 —1) +s -s'+7,
21,

n = (12)

Platforms benefit from attracting agents, in folike the discount today of more future revenues in
advertisements, and the enormous profit regardibgeqquent mobile payment habit establishment.

All these are assumed to a valuelgffor one driver andl, for one passenger. Profit has the

denotation of7? (774) so the two platforms solve the profits maximiaatproblems:

Max 77 = (T, =8 )l +T,(m +m,) +(T, - a,nit')(m, + m,) (13)

Max 77 = (T, =8 )n + T, (1- - m - m,) +(T, - a,nit!) (- m, - m,) (14)

sht!

In the symmetric equilibrium, two platforms choadentical value ofs (sj) andt' (tj) which

meanss=¢ =<' andt =t' =t’. The optimal result is given by:

- (15)
o m{ 0,7, (<24 )} 2348 +2(=1% 1) (T, + 0w, ) [ Tot= 0y (=2 ),
+0’1,LN2] - Tz[Tl(_Z"',U)Z +,U(T2(—2+3/J)—0’2(—2+/J)V1+0’1(—2+3/J)V2)]}
t:_2(—r2+T2+cr1v2) (16)
a,(-2+p)
P i 1
= =ni=n= a7

Then the two platforms gain the same size of agamisalso profits, denoted by= 7' = n':

1
=, (24 ) + (e )+ (<14 1) (T, + ) ST+ da,
21,(=2+ ) (18)

—20,10, +30’1,LN2] +7, [T2(4 —2U- 3ﬂ2) + ﬂ(az(_z + UV, + 20, (1~ 2,U)V2)]}
As for consumer surplus, we first consider the gagsrs’ side. It can be divided into two parts

according to passengers’ utility functions (1), (3)



One part (positive item) is the utility of gettinges and coupons through platforms, and the other
(negative item) is the loss in distances betweemisgand platforms, or to say the dissatisfaction o
platforms, which in this Hotelling framework is e ‘transportation’ cost (see Subsection 3.1).
Correspondingly, the positive utility part, i.dhetpositive item would increase with the value of

a coupon, and the costs are concerned with positibagents choosing platforim|n this

symmetric equilibrium, because of the uniformitgtdbution assumption, the results show that
among the first and second types of passengergetthe coupons from both platforms or get no

coupons from any platform, half of them participati® platformi, and the other half in platform
. g ‘EES 2 1 2
J . Specifically, each platform attracz,u +§(1— ,u) number of passengers from the two groups.

While for the third type who only get one coupdre tndifferent agent locates no longer at the
center of the line. Substitutinginto (9) and (10), we can have the expressiompfind m, with
only exogenous parameters:

1 -7,+T,+a\,

m, :#(1‘#){5+W} (19)

(20)

m4:'u(1_#)_%a2t+1—2:y(1_ )|:1 —T2+T2+0'1V2}

21, 2 21,(2-p)
Hence, for agents who only get coupons from plaifoythe indifferent passenger is positioned at

-7, +T,+ .
%+% distance away from platform It is symmetric for agents who only get coupons
lL\e—H

from platform j. This can be put clearly in the Figure 2.

Place Figure 2 about here

According to Figure 2, it can be observed thatwill increase witht because the increase of

coupon value makes the platform more attractinghferpassenger who only gets a coupon from
this platform (indifferent point moves to the righPassengers further away are now able to get
reached by platformd, while the total ‘transportation’ costs get latgBnese two adverse effects

leave the gross consumer surplus ambiguous, buh¢hease in ‘transportation’ costs brings real



loss in efficiency. Symmetrically, a platform losgsractiveness to those who only get coupons
from the other platform. Wheh increases, the platform is only able to reach allemrange of
passengers. Since this group does not get coupamstiie near platform, the change in coupon
value has no effect except for the number decreftfes type of passengers. Then the surplus for
this group decreases.

Platforms give coupons to drivers in a differeniiram passengers, so in the equilibrium,
platforms attract half drivers respectively and dineer indifferent between two platforms is always
in the central position of the line. So surplushe whole drivers’ group is monotone to the subsidy
< that platforms offer.

The consumer surplus can be calculated separBdgengers’ surplus in benchmark is denoted by

CS), where subscript 2 stands for consumers and sujr® for benchmark. Drivers’ surplus is

denoted byCS'.

1
2

CS =(1-u)* UO ($a,v, - 7,x)dx + I;(% av, - 1,(1- x))dx}

+1 Uj(% a, (v, +t) - 7,x)dx + E(% a, (v, +t)-7,(1- x))dx}

(21)
+(1_ 'U)IUD‘O%(% a\h = sz) dx + '[; (% aV, ~ T, (1_ X)) dX}
+,u(1—,u)UOm"(%a'z(vl +t)- rzx)dx+J'nl1 (3a,(v,+t) -7, (1- x))dx}
CS’ = Jj(% av, +s—1,x)dx + Ll(% ay, +s-1,(1- x))dx (22)

The social welfare consists of consumer surpluscangpany profits. The weight is assumed to be
identical so the expression can be denoted as:

W°=CS’+CS + 277 (23)
Conditions are required to ensure the meaningiulte. Indifferent agents, who obtain the lowest
utility among their types, must receive a non-niggattility to guarantee all the agents attend

platforms. Relying on different types of passengfnsr conditions are given in sequence for



passengers who do not get any coupons, get bofionspget only coupons from platforimand

get only coupons from platfornp.

azEl;—[leﬂ)—%TzzO (24)
1

azD;'—Evl—Erzzo (25)
a, di[@v +t)- 2‘””2& >0 (26)

2

—sat+r1

a, G- 2% g s

22t 2r, ? 27)

The four inequalities (24), (25), (26), (27) caduee to the following condition which we assume

to hold throughout the paper:

a\N, =1, (28)

4. The analysis of government regulations

Chinese government took actions when several taking apps appeared in China and competed
for share in this emerging market by giving ougé&aamount of subsidies to attract drivers and
passengers. Many local governments announced gaieauporary provisions intending to control
this situation. This paper chooses three typesailations and makes assessment based on the
framework of preceding model. The first one aimgansfer price between the platform and two
sides’ agents. The second one asks for butt joitd say cooperation with official platforms. The
last one is absolute forbiddance for some periddsne like morning peaks to avoid phone usage

of drivers.

4.1 Price adjustments

Price adjustments refer to the regulation thatss@ager is required to pay a mandatory dispatch fee

to a driver when they are matched through theltaiing app. Before this regulation, the taxi-



hailing platforms did not charge dispatch feesfésial platform did, and the regulation is mainly
aimed for reducing impulsion the strong price cotitip@ brought to the official platform. Actually
the service of booking a taxi existed before thegbe business of taxi-hailing apps became popular
in China, which was usually supported by local goweent. People can call into an official line and
ask a taxi for an immediate use or making an appwnt. People usually need to pay for the
arrangement as well as the lack in publicity resuthe limited popularity of this service. This
painstaking operation got worse when private taatiiiig apps service rose. So when government
requires passengers to pay an extra fee for thgeusfaaxi, they adjust the price passengers faced
with, and also what drivers face if the fees amadferred to them totally. Precisely, we denote the

dispatch fee ag for every ride through taxi-hailing apps. The ieassumed to transfer

completely to drivers.

This changes agents’ utility functions, which cangiven by:

U =an (v, +p)+s -7, (29)
u, = afzni(v1 +t' - p) - I,X (30)
uiz :a2ni1(vl_ p)_ I,X (31)

When the extra fee is transferred directly to dsyglatforms’ profit functions remain unaltered.
The same method solving for equilibrium is appbed the results are given by:

-1 (32)

= —2{ —4r1,T, + 4a,pT, + 1,1, (—2+ p)’ + 2a,1,pu+ 41,T,u
r,(-2+p)

+27,T, 1= 60, pT 1 - 2T22,U + Tg,uz — 0, Py’ - z-2T1/J2 - 32-2T2/J2 +

2a, pTzlu2 + 2T22/12 —4a,Tv, —20,T v, +6a, T, v, + a, Tz:uzvl - 20’2T2,L12V1

+al[(r2(2— 3p) + AT, (~1+ p) ) u+ 202(2— 3u+ ,uz)( p—vl)J( p+v,)

+2a7 (-1+ 1) (p+v,) }

tl:_2[—r2+T2+al(p+v2)] (33)

0’2(—2+/J)




-1
2T2(_2+,u)2

+3'|_22,L12 + 0'2(—2+,u)(2T2(—1+,u) - Tzlu)( p_Vl) + Zal[ﬂ(rz + 3Tz(_1+lu)) (34)
21, +a,(2- 3u+u2)(p-vl)](p+v2)+3af(—1+u)u(p+vz)2}

7 { 4r,T,+ 1,1, (_2 + /'1)2 + Tzzlu_ 21, T, = 3Tzz/'1+ T§ﬂ2 - 31—21-2/'12

The subscript 1 0,,t,, 71, is labeled for this first kind of regulation. Bgmparing the new

equilibrium with the benchmark, changes values tehwith A are given by:

Asl:;p{—a (=2+ p)[ 2T, (-1+ p) - ropt ] - 202 (-1+ ) u( p +2v,) (59)
z_2(_2_'_/1)2 2 2 2 1 2
+a'l[,u(—2r2+4T2+3r2y—4T2y)—2a2(2—3,u+,uz)(p—vl+v2)}}
2a,p
At =—24bP
T, (2-4) (30)
-1 _ 14 ) - 2(_
Am_ZTz(—Z'*',U)Z p{az( 2+/U)[2T2( 1+:U) Tzﬂ]+3al( 1+/J)/J(p+2V2) a7

w20, (7, + 3T, (<14 1) - 21,00 + 0y (2= 3+ 7) (- +v,) |
All the parameters are positive and the possibjlitgatisfiesO < 4 <1, so we can derivét, >0.

The intuition behind is that, compared to the bematk, platforms give more subsidies to
passengers to keep their attractiveness againstdhdatory extra fees. Combine the regulation
impacts and platforms’ responses, a passengewvescaichange in subsidy frotmto t, but paysp

more, so the net change can be given by:

2a,-a,(2-p)
A=At -p=—21—=2
1 1~ P 0’2(2—,[1) (38)
Whether it is positive or not depends on the sig@a, - a2(2— ,u). Specifically, when the
condition 2% > 24 satisfies,A, = At, - p>0 holds. And we know1 < 2_H <1,soif 4y 1,
a, 2 2 2 a,

we can derive)\, = At, - p>0, and passengers surely benefit from this reguldiecause
platforms compensate passengers with more subsioiesing the dispatch fees. Singg a,

measure the degree of network externalityz a, implies passengers exert a larger externality



toward drivers, which reveals the importance fatfprms to retain the passengers’ side. Therefore,
platforms put more effort on this side, resultingpassengers benefit from this seemingly adverse
regulation.

The changes of subsidies for drivers and platfopnsit are hard to derive, so figures with
numerical values are used to obtain instructivaltes

The software Mathematica is used to produce figymesenting the relation betweds, and p,
and how it changes with parameters. Concerningelaéive size ofa, and a,, the discussion is
divided into two parts that contaun, is larger tharna, and the opposite. Denote the two baseline

situations with F1 and F2 (all the parameters at@as Table 1 (a)).

Place Table 1 about here

The only difference between F1 and F2 is the size,0 Under the two sets of parameters, Figure 3
shows howAs, varies with p. Then we set two series of parameters conditioamthe different

size of a, that are shown in Table 1(b).

Figure 3 shows the drivers’ subsidy change regpetcansfer price, and four subfigures represent
(a) the baseline only, (F1, F2), (b) baseline whhnges inl, or 7,, (F1, F2, F3, F4, F5, F6), (c)
baseline with changes ip, (F1, F2, F7, F8, F9, F10), (d) baseline with geminv, or v,, (F1,

F2, F11, F12, F13, F14) respectively.

Place Figure 3 about here

Focusing on whethef\s, is positive or not, we should pay attention torilative position of the
As, line and the 0 value horizontal line. Thg =1 group anda, =1.5 group present apparent
distinction. Whena, is larger thana,, there is much more possibility that appeass> 0, which
means the transfep will lead to an increase in the subsidy to drivieosn platforms.

The derivative ofAs, by a, and a, are:



0As, _ 1 (39)
oa, r,(-2+ u)’* p{2a2(2_3'”+"’2)(p_"1+"2)

+u[fz(2-3/J)+4(-1+ﬂ)(”1(p+2V2)+T2)}}

oDs, _ p{ 2(‘1+#)[T2+al(p—v1+v2)]—r2y} )
0a, ) TZ(—2+ﬂ)

The equations (39), (40) imply that wher-v, +v, > 0holds, the sign O% largely depends on
1

the size ofa, and u, and besides‘?ﬁ <0. The intuition behind is that relatively large, implies

da,
a large externality that the passengers’ sideactie drivers’ side, so when the requirement of
transfer p appears, platforms lose attractiveness to passgraged then drivers as well because of
externality. Passengers’ large influence on drieglarges the possible loss in drivers’ number,
stimulating platforms’ incentive to invest more dnvers. If drivers are not that sensitive to
passengers, which is implied by a relatively snagl) then there is no need for platforms to subsidy
drivers much since they already benefit from tla@sfer while the harmful impact on passengers do
not influence drivers much. Adversely, large means drivers are able to influence passengers a
lot, and then platforms can respond in making s é&ustment because now drivers can play some
role in getting back passengers who are unpleag#nthe transfer.
Meanwhile, the two sets both show tifsg are more likely to be positive whem is small. This
makes sense as the preceding explanation. If memsfers are given to drivers, less compensation
are needed to offer by platforms. All these caamayzed from the tradeoff that drivers are faced
with. The transferp satisfies drivers in a positive way, but displepassengers, which exerts a
negative influence to drivers through network exadity. The negative effect will increase when
the externality is large, and the positive effedt elecrease withp, which explains what figures
present.
The value ofAs, shows the size of the effect this regulation hasl, it fluctuates with parameters.

Derivatives can be calculated by:



ods, __2p(-1+ p)[ o, (=2+ p) +2a,u]

= 41
oT, r,(-2+p)° @
oV, I, (_2 + /—1)
0As __2a,p(-1+ p)[ a,(-2+ ) + 2a,] 43)
ov, r,(-2+ p)?
The effect of drivers’ value on passengers is datately positive. And when
0/2(—2+ ,u) +20,420, we have(:;ATSl >0, %A—Sl > 0. When a driver can bring more value to a
2 VZ

passenger, the change in subsidy after this regnlet larger than he who has a lower value/pf
To be specific, the requirement of transfemay cause a driver receive a larger size of sybsid
from the platform, and then if the driver’s valwea passenger lies in a higher level, he will egoy
higher change in subsidy than the lower value sdoaldentically, if the transfer brings to the
driver a loss in subsidy, then for a higher valugat, he would suffer a less loss in subsidy.

Therefore, to some extent, a higher value thahadcan bring to a passenger is beneficlgland

v, refer to values a passenger for a platform anavari and%A?Sl >0, aaA—Sl >0 share a parallel
2 V2

explanation with the former one.
Same baseline settings are adopted to explorerthie \ariation. The discussion is also divided

into two parts thaty, is larger thana, and the opposite. Denote the baseline two situsitigith

W1 and W2, where all the parameters are set ineTaljh).

Place Table 2 about here

Under the two baseline sets of parameters, Figsteodws howA7, changes withp. Then we set
two series of parameters conditioning on the dffi¢isize ofa, that are shown in Table 2(b).

Figure 4 shows platforms’ profit change respedtaasfer price, and four subfigures present (a) the

baseline only, (W1, W2), (b) baseline with chaniges,, (W1, W2, W3, W4), (c) baseline with



changes inv; or v,, (W1, W2, W5, W6, W7, W8), (d) baseline with chaagn z/, (W1, W2, W9,
W10).

Place Figure 4 about here

From Figure 4, we can observe that under the de¢wa Table 2, whemy, is relatively smaller
than a,, there is more possibility to haver, >0, and in most situations listed, lines that repnese
the largera, position higher. Among the numerical examples,ahly situation where\7, >0 is
that a, is large andu is small. The appearance of transfer price hamssgngers’ utilities so that
platforms are supposed to increase coupons’ valugaintain attractiveness. A small implies

that a small amount of passengers have the charat®din coupons, resulting in less money put in

the passengers’ side and room for profits. Theesgion ofAt, implies that Whenﬂ is relatively
aZ

large, this price adjustments regulation will dtiag profit because platforms’ costs increase artot

defraying more subsidies to passengers. Thus,vamén @ is not that large, the possibility exists
aZ

that platforms benefit from the regulation. Theuition behind is explicable by looking over
drivers’ tradeoff. On one hand the mandatory efdes reduce platforms’ attractiveness to
passengers, which also let drivers down becausetafork externality; on the other hand, the
transfer in price from passengers benefits drireesdirect positive way. Only whea, is
relatively small, the negative effect that passesigeing to drivers will not balance out the passti
effect by introducing transfer fees, can platfoimesable to offer less to drivers and gain more
profits.

Derivatives of A7, onT,, v,, v,are calculated:

oA, _ p(=1+p)| a,(-2+p) + 3a,4]
aT, r,(-2+ p)’*

(44)

0An __aa, p(_1+ /J)
v, Tz(_2+/1)

<0 (45)



0Am _ a,p(-1+p) a,(=2+ p)+ 30,4
ov, r,(-2+ p)’

(46)

Influences of these three parameters are simildrdse inAs , and the influence of, to A7, is
definite. Discussion abouks has shown that when a driver’s value for a passeingreases,

platforms would carry a smaller size of adjustmardrivers’ side to react to the regulation. Since

the change in profit depends on the variation @ind €, and given thaAt, expression does not

contain av, item, the change in profit decreases when a dvixegghs more value for passengers

through the influence os. Both the signs o?aATnl and aaAnl depend on the term
2 V2

a, (—2 + ,u) +3a, 4. When 2L > 2= 4 satisfies,aA—iZl <0 and 207, < 0. Therefore the variation

a, 3u oT, ov,
of a passenger’s value for a platform, as welliayvalue for a driver can exert an influence on the
intensity of the regulation.
As for consumer surplus, we analyze passengerdrarats separately. Drivers’ surplus varies with
the subsidies given by platforms. Comparing the égyoilibriums, we find out that each driver does
not change his choice for platforms. Because ih kquilibriums, two platforms have the same
strategy and offer an identical value of subsidythat half drivers participate platforimand the
other choose platfornj. Hence, the increase & will raise each driver’s utility, so does the
surplus of the whole group.
Passengers are divided into four types accorditiggmumber and type of coupons they receive.
For those getting coupons from two platforms, amhen A, = At, - p> 0, everyone at the same
position as in benchmark can obtain more utilitgmNhat indifferent passenger positioned at
center of the line, we can infer this type of pagees’ surplus increases. For those who do not get
any coupon, things remain as benchmark but an pagment ofp, so the surplus decreases.
Many changes happen to passengers who get onercbopoa platform. Take passengers who

only get coupons from platformas the example. When the net change of subsidiessrdispatch



fee is positive, that id, >0, the change of platforms” offers fully covers trensfer price, and
then a passenger’s utility increase compared waticbmark. The expression of, implies

platforms are able to reach passengers farther,avagh brings up ‘transportation’ costs.
Symmetric setting shows the more this type of pagses are attracted, the less passengers who
only get coupons from the other platform are até@cSo apparently the whole consumer surplus

heavily relies on the parametersaf, a,, 4.
Denote passengers’ and drivers’ consumer surpliis @8 and CS respectively, and the welfare

situation under this regulation W*. Then we have:

(47)
+,L1(1—/J)U0 (1a,(w+t-p)-1,x) dx+J':b(% a,(v, - p)-7,(1- x))dx}
+(1_ ﬂ)ﬂ[IOmA(% a, (V1 - p) - sz) dx + J-:]A(%az (V1 +i- p) b (1_ X)) dx}
CS = jj(%al(vz +p)+s—1,x)dx+ _E(%%(Vz +p)+s-7,(1-x))dx (48)
W'=CS +CS, + 2711 (49)
Compared to welfare in benchmark, the effect orfaxelinduced by this regulation can be
calculated, shown in (50).
AW =W*-W°
1
= p{-azfz(-2+ﬂ)2 +ay| AT, (<14 p) p= Az (14 i)’ 12
2T2(_2+ﬂ) (50)
LT, (<14 ) g2 =213 (<14 ) 12+ 205, (<14 1) 1+ 1, (4= 32) |
vt (-1 ) 24203 (<14 ) 74 (-1 1) 12 )+ 20
Simplifying the expression we obtain that the sidfit conditions fodAW* <0 are
1+ 15 (-1+ p)u=0 (51)

a,<4a, (52)



This delivers that when passengers’‘transportatiost is not that large and the relative size
between cross-group externalities remains at anadte level, this price adjustments regulation
will have a negative impact on social welfare. Ogpf|ly, when passengers’ external effect on
drivers is much higher than drivers’ attractivengspassengers, the equilibrium before regulation
requires platforms subsidy passengers a lot totaiaitheir attractiveness but less attention on
drivers’ side because they can largely be drivethbyincrease in passengers’ number. Under this
scenario, the mandatory price transfer from passsrtg drivers serves as a tool to balance the
heavy bias in platforms’ subsidies to drivers andsengers, which makes it possible to increase
social welfare. Normally, the welfare decreasedh®yprice adjustments is reasonable when the
transfer feep is small. First we are aware that platforms chabseébenchmark equilibrium even
though they are able to imitate this regulatiordyucing a same value of subsides for passengers
and transferring them to drivers, which impliest ttmey prefer the benchmark more. Thus,
platforms receive a down slope in profits aftepmasding to the regulation, by increasing their
subsidies towards passengers, which brings uptipres attractiveness to those who only receive
one coupon from this platform. The capability thatlatform can reach further customers results in
a loss in efficiency because of the disutility geed by ‘transportation’ costs that cannot be
compensated somewhere else. Nevertheless, whermspatch fee is large and the price transfer
cannot be realized at the initial stage by plat&muvn choice, it could be possible that the

government regulation serves to a higher leveboiad welfare.

Proposition 1:

Price adjustments lift platforms’ subsidies to gaggers. Whenai >22_—ﬂ is satisfied, passengers’
a, H

extra pay of the mandatory fees can be coveredadifppms’ increase in coupons but causing
efficiency loss. The relative size of mutual netwexternalities exerts an impact on the positive or

negative effect of this regulation, and the intgnsf the regulation largely depends on the level o



a customer’s value. Platforms are easier to gairempmfit whena, is relatively smaller thamr,
since less subsidies are offered to drivers. Wthiewhole customer surplus is vague, if the two
sufficient conditionsl+ 72 (—1+ /J)/JZ 0 and a, < 4a, holds, the regulation brings negative impact

on social welfare.

4.2 Butt joint with official platforms

The regulation of butt joint between private tagilimg apps and official platforms is what
government did to enforce corporation between thelnigch means they share customers and
information. We assume no market share for pubitfigom in this paper because their size is quite
small compared to the private apps. To put it taillevhen a passenger calls for a taxi no matter
through the private apps or the official platfotims information goes to an overall dispatching
center, and then a driver matches to a passengiealpy from the other platform but submitting to
a kind of priority that agents from the same platfeenjoy a higher possibility to be matched with
each other. The feasibility is based on that etaxyin operation is installed with the equipment
through which the official platform is able to geicess to any taxi and make dispatchment. Making
the private taxi-hailing apps get butt joint wittiical platforms is aimed at a higher level of

control by government. Given the model specifiaatihis regulation means a driver who
participates in platform is now able to get access to all passengers imgutiose who choose the

platform j, and the symmetric things also apply to passenyjéssreasonable to assume the

drivers’ side benefit more from passengers shahegame platform than those from the other
platform because of the priority. The utility furtest of the agent located at distance from

platform | is thereby rewritten as below in (53), (54), (55).
i1 = (alniz +:81n£)V2 +8 - X (53)

uiz = aznil(vl+ti)+ﬁ2nljvl_ X (54)



uiz = aZn;VJ +:82n1jV1 T X (55)
where S, B, share similar implications witlr,,a,, and they denote the externality induced by
agents of the other side and from the other platfdr is assumed that, > S, a, > £,. Now that

platforms still give out coupons to agents on thdreir profit functions do not change and stilldhol

the expression of (13) and (14). The results &f tl@w equilibrium are given with subscript 2:

1 2 2
S=—F7 1 ) Lb =2+ p) +TT,(2+u) —| 2T, (-1+ p)+ 1,U

e R R A R AR w

_2(a1_:31)(_1+ﬂ)V2][:u(T2_Tz_Vz(al_ﬂl))+(_2+ﬂ)vl(a2_:82)}}

__2[—T2+T2+(0'1—,81)V2]

th 0’2(—2+ ,u) &0

= m{ 1,7, (=2+ )’ + 2 u(1+ p) + (-1+ /U)[Tz +(a, ‘ﬁl)Vz][
[3Tp=2B3,(2- 1) = 20, (=2+ p) v, + 3w, (@, - B) ]+ 7,0 (°8)

[T, (4-2u-312)+ u((a, - B,)(-2+ 1) v, - 2(a, - B)(-1+ 2”)"2)]}

Compared to the benchmark in section 2, variatexpgessions are shown in (59), (60), (61):

Tz(Tl"’:U)Z{ =B, (=24 p)vi| 2T, (=1+ p) = r,u+ 2( @, = B)(-1+ p)V, | 50

BV, [ 1,(2-3u) p+ 2(=1+ ) (2T =, (-2+ )y, +(2a1—ﬁz)ﬂvz)]}

As, =

28V.
At,=——12 60
2 a,(—2+p) (60)
1
AT,=——— -2+ 2T, (-1+ ) - r,u+2(a, - B,)(-1+
1, ZTZ(_ZW)Z{I?Z( [ 2T, (~1+ p) = T+ 2( e, = B) (-1+ ), ] on
+:31V2[2T2(_1+ 2:“),“_ (_1+ ,u)(zaz(z_ ,U)Vl - 3(—20’1 +:31)/N2 + 6T2:u)]}
It can be easily proved thdit, <0. The expression ofAs, can be changed to:
1
As, = —2{ _ﬁz(_2+ﬂ)vl[2-r2(_1+,u) - T2ﬂ+2(al _ﬁl)(_l"':u)vz]
r,(-2+u) (62)

+ [ 7,(2- 30) - 2a, (2 3+ 12 v+ 2( -1+ ) (2T 0+ (20, - 5,) v, |}



Assume2a, = f3,, then based on conditions includifigc /<1, o, > f, and the non-negativity of
parameters, we can obtain thatif(2 - 3u) u— 2(-1+ u)a, (-2 + p)v, <0 holds, As, <0. Then
using the condition (28), we have

r,(2-3p)u-2(-1+ p)a, (-2 + p)v, < 1, (2- 3p) p—2(-1+ p) (-2 + p) 7,

2 63
ol o

Therefore,As, <0 can be derived.

The expression ofA77, can be transformed to:

1
— = B (~2+ [ 2T, (-1+ p) - r,u+ 2(a, = B)(~1+ p)v, |+ B, [
rer COOP DA R TR ARSI

[25(‘“ 2y)y—(—1+y)202(2—,u)v1—(—1+,u)(—3( =2a,+ 3,) pv. +6T2/1)]}

A, =

Conditions 0< <1, a, > f, and the non-negativity of parameters imply that if
21, (-1+2u) = (-1+ p)2a,(2- p)v, > 0, we haveArn, > 0. Using the condition (28), it can be
induced that

21, (-1+ 2p4) p= (-1+ p) 20, (2= p) vy 2 27, (=14 2p) = (=1+ p) 27, (2~ )

? (65)
26r2(,u—§j +gr2 >0

Therefore, we can deriva7, >0 which means platforms gain more profits after tegulation.
The regulation of cooperation allows one platfoongét access to agents in the other platform,
which draws down their incentives to cost a loattracting agents. Whereas, this cooperation
increases platforms’ attractiveness to agents lsecagents are no longer forced to give up
significant match possibility in choosing betwedatiorms. Therefore, platforms respond in

reducing coupons and realize higher profits. Theagsquite symmetric in the drivers’ side.

Consumer surplus for drivers and passengers arelatdd:

CS = j (% a,+ BV, +s- rx)dx+j (3(a,+B)v, +s-1,(1-x))dx (66)



1
2

CS: =(1- )| [ (3 + 3 A - X+ [ (30 + 1 A - 7, (1- ) o

Nl=

+ 17 UO (%crz(vl +t)+18Vv, - rzx)dx+J';(%a2 (v, +t)+18v —1,(1- x))dx} o
+u(1- ,u)“?(% a,(v, +t)+ 1BV - rzx) dx + j;(%azvl +1Bv, - 1,(1- x))dx} 0
+(1- p) ,u“om" (fav, +1Bv, —1,X)dx + j; (3a,(v,+t)+ 1By, - 7,(1-X)) dx}
Therefore, we have social welfare:
W? =CS’ +CS + 277 (68)

And the variation in social welfare compared to bleachmark equilibrium is:

AW? =W? -W°
1 { 2 2
S -2+ + -2) +
2T2(_2+,U)2 IBZTZ( lu) Vl 161V2|:T2 (,U ) (69)
(-1+ p) (21, - 2T, - 2, + B, ) |1+ (72 (-1+ ,u),u+1)2ﬂ]
The implied condition from expression (57) gfprovides
“LtTtay, - :81V2 >0 (70)
Then we can obtain
AW? >0 (71)

Cooperation between official platform and privabenpanies brings a positive impact on social

welfare. The logic behind is that consumers inglggrassengers and drivers both benefit from the

capability of accessing more agents on the otlaer. &§inder the view of social welfare, their loss in

subsidies from platforms can be covered by increaptatforms’ profits. The decreases in
subsidies for passengers influence the positiomsdifferent passengers. Specifically, platform

loses part of consumers who receive only coupans filatformi but locate far away with high

‘transportation’ costs. For a passenger who locate® than% distance away from platformand

is closer to platformj, it is more efficient for her or him to attend fitam | because of the

‘transportation’ cost. Hence, after this regulatiorore passengers choose the closer platform,



causing less efficiency loss for the whole sociaty the result in social welfare change is pasitiv

under this regulation.

Proposition 2: Cooperation between private taxiimgiapps and official platforms connect both
platforms with each other through sharing customadsinformation, so that passengers enjoy
more drivers and platforms profit from less costrgging in coupons to maintain attractiveness to
passengers. Subsidies to drivers decrease wheengass have a high possibility of getting

coupons. The whole society benefits from this ratyoih and reaches a higher level of welfare.

4.3 Forbiddance setting

The usage of mobile phones installed with thesa apping driving creates large traffic risk. Road
condition is complicated in morning and eveningkpeeariods, and it surely will grow worse if taxis
need to find specific passengers they match in.afjperefore, in some regions, local governments
forbid the usage of taxi-hailing apps during spltimae period as morning and evening peaks. This
regulation also contains the consideration for searaor citizens who have trouble in new
technologies.

When considering the intention of this regulatibms supposed to take into account of agents’
benefit in a safer traffic environment if it is tbasic motivation when evaluating the effect.
However, this kind of effect is hard to evaluated ave could try to ignore this impact first to
analyze the influence within the framework of mod#ithout the usage of apps, both sides of
agents can still get utility from getting matchédtlioe, but their utilities get hurt in the aspéhat

they are not able to use coupons to save costanwlele, platforms are not willing with the
software getting aside in that they cannot be alithout agents’ usage. So this forbiddance setting
harms both customers and platforms.

As a consequence, restrictions in usage time berefthe agents’ utilities gaining from

participating in platforms and platforms’ ability making profit from getting used. This is scarifie



to serve for the safety of transportation environtmehich lies at a higher priority in government

targets.

5. Conclusions

This paper studies the effect of government reguiadn competition in two-sided markets featured
network externality under the O20 era. In particudamodel describes platforms competition with
Hotelling specification is formulated and we madalgsis by incorporating regulations into this
framework. Except for the results of current p@sg;ithe work can also be applied for further
assessment of similar market and regulations.

The topic is motivated by the popularity and growtl©20 in China and the case of competition
between taxi-hailing platforms along with local govment regulations in recent years. Among
various regulating ways, this paper explores thypieal of them, including price adjustments, butt
joint with official platforms and forbiddance setji. The results indicate that the effects of price
adjustments are greatly relying on network extetisaland coupons distribution probability.
Platforms would definitively offer more subsidiespgassengers to maintain their attractiveness to
them, but whether the increased subsidies can theeatispatch fees or not depends on coupons
distribution probability. When the externality fraanivers to passengers is relatively larger than th
from the opposite, there is a higher possibiligtttrivers can benefit from this regulation and
platforms thereby make more profits. Social welfsu#fers loss when the two platforms have a low
level of differentiation, along with the conditidimat the externality from passengers to drivers is
not greatly larger than that from the opposite. iHg\private taxi-hailing apps cooperating with
official platforms benefits agents by allowing ags¢o more agents from the other side. Thus,
platforms cut down their costs in both sides tovdemore profits because agents are willing to
attend platforms even with low subsidies. Socidfave gains positive effect as well because all

groups including passengers, drivers and platfaitain benefits. And the time limit forbiddance



Is scarifying agents’ utility and platforms’ prcdifor safety consideration among the multiple goals
of a government. Many two-sided markets, thougthifierent industries, share the similar features
with taxi-hailing apps market under the O20 eranc¢¢g the analysis and conclusion in this paper
do not lose much generality and is revealing t@iotmnline-to-offline services such as the
competition in take-out delivery service and bieysharing industry.

However, there are still a couple of directions @unalysis can be extended to. First, other
competition modes can be adopted to explore diftarearket forms, like Stackelberg game used by
Bruno Jullien (2011) to solve for price strateggsiles, parameters like the possibility of obtajnin
coupons by passengers are not endogenously degsfrtmynplatforms in this model. So extensions
could be made in decision variables and contrabbées as well. Exclusive contracts between
agents and platforms are worth discussion aboaniisompetitive character and the effects it
would realize. In addition, platforms’ strategiasdiscriminating price upon passengers at different

time and position is worth exploring for a furtltgsquisition in taxi-hailing market competition.
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