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A B S T R A C T   

Bicycling is a green transportation mode that is essential for the sustainability of population-dense cities. 
Bikeshare is an emerging business-to-consumer (B2C) model that sustains bicycling and complements other 
public transits. By 2021, the number of shared bikes in China had grown to 437 million and its revenue to 1.31 
billion US dollars. Previous research has focused on businesses’ profit-maximizing decisions but has not 
considered the societal sustainability impacts of these decisions that could produce an excessive number of bikes 
and often conflict with the environment. In other words, sustainable cities need a sustainable growth of bike 
sharing. Our research fills this gap by building a novel game-theoretic model in which a bikeshare firm will make 
decisions regarding the trade-off between the accessibility (quantity) and sustainability (quality) of its bikes to 
maximize its rate of return. Our analysis deduces that the firm with more financial capital attains higher platform 
performance by prioritizing accessibility over sustainability. We offer government policies, such as number 
limitation, oversupply taxation, bike infrastructure investment, and technology advancement subsidy, to correct 
firms’ excessive drive for profit over sustainability. These policies help address the Sustainable Development 
Goal 11 to achieve sustainable cities and communities.   

1. Introduction 

The global Sustainable Development Goal 11 (SDG 11) aims to make 
cities and human settlements inclusive, safe, resilient, and sustainable 
for human beings (Xue et al, 2022). Bikeshare is a solution to address the 
SDG 11 and provides clean and healthy transportation in smart and 
sustainable cities (DeMaio, 2009; Qiu and He, 2018; Si, 2018; Eren and 
Uz, 2020). Shared bikes are associated with various environmental 
benefits, such as reduced energy consumption, carbon dioxide emis-
sions, and traffic congestion, and improved air and health quality 
(Pelechrinis et al., 2019; D’Almeida et al., 2021). Bike-sharing has been 
adopted around the world, in Barcelona, Chicago, Delft, Singapore, and 
Warsaw, to name a few (Zhang et al., 2015; Shen et al., 2018; Bieliński 
et al., 2019; Faghih-Imani et al., 2017; Freund et al., 2019; Ma et al., 
2020; Macioszek et al., 2020; Yang et al., 2021). Bicycling is a major 
choice for public transit, paralleled only by bus and subway (Ma et al., 
2019). Besides being a stand-alone travel mode, bike sharing serves a 

crucial purpose as a feeder method of public transportation (Guo et al., 
2021, Yu et al., 2021, Zhou et al., 2021). For example, on weekdays in 
Taipei, 95% of the leading origin-destination pairs were located near 
metro stations (Lin et al., 2019). In 2017, bike-sharing spread to over 
200 cities with 309 million registered users in China. Similarly, Amer-
ica’s largest bikeshare firm, New York City’s Citi Bike, has 10,000 bikes 
and 236,000 subscribers, Paris has 21,000 shareable bikes, and London 
has 16,500. 

However, the downside of bikeshare economy emerges and places a 
conflict with SDG 11. An excessive number of shared bikes are dropped 
to market but cause a huge waste of resources and environmental 
problems such as countless abandoned bikes (Figure 1). For example, the 
Chinese market has 437 million bikes for sharing in 2022, namely more 
than 300 bikes per 1,000 people (Statista, 2022). The bikeshare industry 
was overcrowded due to rapid and chaotic growth, whereby many 
startup companies emerged and competed (i.e., rush effects; Xie, 2018). 
In Beijing, the idle rate of shared bikes was about 50% in 20182. Almost 
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200,000 bikes were broken or abandoned in 2019, and about 10 million 
bikes retired in 2020 (Jiemian, 2019). As a result, at least 10 million 
shared bikes in China were declared beyond repair in 2020, which 
produced around 160,000 tons of solid waste and posed a danger to the 
environment3. 

Obviously, a vicious spiral in bikeshare — where many companies 
collapse, e.g., in 2017, while survivors enter another round of 

competition — hits the efforts towards SDGs. The bikeshare industry is 
criticized for its emphasis on the number of bikes (i.e., quantity), which 
often has negative environmental consequences and relatively little 
emphasis on bike usability and reusability (i.e., quality). Therefore, the 
goal of this study is to advance our understanding of the bike-sharing 
competition and seek solutions to break the vicious spiral. We model 
the competition between a quantity-focused strategy and a quality- 

focused strategy in the bikeshare market. The model helps explain 
why quantity-focused growth is dominant, and how the sustainable 
quality-focused growth can be facilitated. We develop a duopoly game in 
which bikeshare firms choose their optimal growth strategy to match 
more consumers who are distributed in a certain geographic area. Each 
firm is endowed with initial funding (e.g., from venture capital) and has 

Figure 1. Environmentally wasted bikes after failed competition (Erzhile, 2019).  

3 How China is coping with its piles of abandoned shared bikes CGTN. Available 
at: https://news.cgtn.com/news/2019-09-27/How-China-is-coping-with-its-pi 
les-of-abandoned-shared-bikes-KjemNhws4E/index.html (Accessed: December 
24, 2022). 
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two dimensions of choices to compete in this matching game: (1) spend 
money to increase the number and availability of bikes to consumers 
(the quantity-focused strategy); or (2) spend money to improve user 
experience, such as the technology, travel comfort, and attractiveness to 
consumers (the quality-focused strategy). 

The rest of the paper is organized as follows: Section 2 provides 
background and literature; Section 3 describes our mode; Section 4 
analyzes the equilibrium in both analytical solutions and simulation 
results; Section 5 examines relevant case studies and related empirical 
evidence; and Section 6 offers some concluding thoughts. 

2. Background 

We define quantity-focused growth in the bike-sharing context as the 
wide provision of bikes and consequently higher consumer accessibility, 
which is often enabled by greater financial capital. For example, ac-
cording to BigData-Research, the cumulative number of bikes of Ofo, a 
firm equipped with rich sources of funding, was 150% higher than 
Mobike’s in March 2017. We define quality-focused growth as a high 
technology level, greater user comfort, and better durability. For 
example, bikes from Meituan Bike are equipped with location-based 
services, GPS tracking, Bluetooth unlocking, and QR code scanning. 
Quantity-focused growth is not sustainable and causes many problems, 
such as resource misallocation and social inefficiencies (Rong et al., 
2019); negative externalities and resource waste; and the 
over-occupancy of public spaces, with millions of abandoned bicycles 
piled everywhere. Cao and Shen (2019) studied the impacts of shared 
bikes on carbon dioxide emission reduction and found that the usage 
rate of shared bikes was one of the influencing factors. Thus, 
quantity-focused growth reduces the usage rate of shared bikes, which 
could lessen the benefits of bicycle sharing for CO2 emissions reduction. 
Surprisingly, most bike-sharing companies that failed early seem to have 
been quality-focused. Overall, there is a lack of systematic understand-
ing of why the less sustainable quantity-focused growth could dominate 
the bike-sharing competition. 

This study shows that in equilibrium, most of the money will be spent 
to increase the quantity of bikes when the size of available funding is 
small. Interestingly, when two competing bikeshare firms are asym-
metric in their available funding, the firm with more access to funds 
tends to spend a larger share on increasing the quantity to get a higher 
return rate than the firm with less funding. Our study reveals a vicious 
cycle in the bikeshare industry whereby the company with more in-
vestment must spend more on quantity instead of quality for a higher 
return rate to attract more investment, which results in oversupply and 
redundancy. Consequently, the firm with higher quality is more likely to 
be knocked out of the market. 

We briefly discuss the mechanisms behind this result. Note that in the 
first few years of shared bikes, the pool of potential consumers was much 
larger than the pool of shared bikes. If a firm’s bike is unavailable at a 
particular location, there is no chance for the firm to attract a potential 
consumer, even if its technological level is very high. That is, the com-
pany with a higher technological level will only have an advantage if its 
bikes are in the same location as their competitors’ bikes. Therefore, 
increasing the quantity, which will help increase market share, becomes 
the optimal strategy of the firm with more investment. 

Given the equilibrium outcome—whereby firms are more likely to 
value economic profit over sustainability—we offer the following 
governmental solutions and management insights from several per-
spectives. First, from the perspective of market competition, the gov-
ernment should regulate the number of shared-bike providers in one city 
by granting a fixed number of operating licenses to avoid both monopoly 
and excessive competition. Second, from the perspective of externality, 
the government could charge a tax to internalize the cost of negative 
externalities for oversupplied platforms. Third, from the perspective of 
technology improvement, the government should give subsidies to 
platforms to encourage technological progress. 

Different from extant publications in bikeshare, this study contrib-
utes a novel theoretical model to examining the competitive dynamics of 
the bikeshare industry (Table 1). The game-theoretic approach provides 
a valuable contribution to the literature and fills a gap in the existing 
knowledge of the bike-sharing sector. Game theory provides a lens 
through which we can further examine the competition and its features 
in the sharing economy. Wang and Wu (2017) use a duopoly game to 
predict that the bikeshare market should eventually reach a low-price 
equilibrium. Ma et al. (2018) analyze a four-party game to charac-
terize the interactions among three tiers of brands as well as consumers 
and identify the cost advantages of second- and third-tier brands when 
competing with first-tier brands. Rong et al. (2019) analyze “redun-
dancy” in the bikeshare industry with a game-theoretic model and 
conclude that a monopoly could alleviate redundancy to a certain 
extent. Additionally, our study pays special attention to innovative firms 
when they face financing problems and generalizes the results to other 
firms and industries, which has not been explored in previous studies. 

This study also contributes insights into the problem of quantity- 
quality trade-offs in the bike-sharing competition. As shown in 
Table 1, the literature on bike-sharing and sustainability focuses on 
business strategies, demand prediction, built environment, etc., while 
overlooking the competition aspect. Qiu (2016) examines the differ-
ences between bike-sharing platforms and aspects of the sharing econ-
omy, such as Airbnb and Uber, and posits that bike-sharing marked a 
significant transformation of the traditional sharing economy. Wang 
(2017) and Zhang and Wu (2017) argue that there is a lease relationship 
between consumers and bikeshare firms, with rent as the main source of 
revenue for these firms. Song and Zhang (2017) conduct a SWOT anal-
ysis to describe the multi-homing strategy in the bikeshare industry. 
Song and Zhang (2017) emphasize the importance for Ofo to produce a 
breakthrough in technology, improve its core competitiveness, and 
make up for password loopholes and the lack of GPS positioning. 
Moreover, recent papers study the relationship between bike-sharing 
and the built environment. Mix et al. (2022) model the demand for 
bike-sharing trips and the optimal location of stations and they find that 
the built environment has impacts on public bicycle use primarily from 
residential and office land uses, and the presence of long bicycle lanes 
near the stations. Brown et al. (2022) estimated bike-sharing demand 
based on a spatial modeling approach and GPS data. Alaoui et al. (2021) 
propose an automatic management system predicting the number of 
bikes to overcome bike sharing challenge. Cheng et al. (2022) find that 
the built environment has inverted u-shaped effects on bikeshare-metro 
integrated use. Their findings provide suggestions for the government 
and the companies to reduce the redundancy of shared bikes. In contrast, 
our findings are significant because they shed light on the impact of 
financial constraints on the strategic behavior of innovative firms, and 
offer generalizable insights that can be applied to other 
innovation-driven industries. The trade-off between quantity and qual-
ity in competition is not well addressed in the economics literature, 
although it is often explored from a biological or sociological perspec-
tive. Dixit (1979) constructs a precise model to describe oligopolistic 
competition with respect to both quality and quantity decisions. He 
argues that product specification is the most important strategy when 
entry can be controlled. More recently, Yang and Nie (2017) establish a 
two-stage dynamic game model to analyze the effects of asymmetric 
competition on the food industry in terms of product substitutability and 
find a higher equilibrium point for quality and production under the 
Cournot quantity competition model. Alvisi and Carbonara (2020) 
analyze the effects of introducing a product that consists of a proportion 
of two imperfectly substitutable products and identify its positive po-
tential influence on consumer surplus. Soriguera and Jiménez-Meroño 
(2020) study the strategic design of variables for bike-sharing systems, 
such as the number of bicycles and stations. They find that free-floating 
configurations may cause problems; for example, bicycles tend to clog 
up city centers and entail longer walking distances to bikes during peak 
hours. 
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3. Model 

Figure 2 shows the modeling flowchart where we suppose two 
competing firms in the bikeshare market provide bikes to serve all 
consumers, who are evenly distributed in a certain geographic area. A 
consumer can choose to ride her favorite bike at her location and pay the 
bikeshare firm that owns the bike. Each of the two bikeshare firms has 
two strategies to attract consumers: (1) supply more bikes to the 
geographic area and increase the distribution density of bikes—i.e., the 
strategy of increasing quantity, and (2) improve bike durability and user 
experience, such as more precise GPS tracking, improving the comfort of 
the bike, Bluetooth unlocking, and QR code scanning; this is the strategy 
of increasing quality. Therefore, the core of shared-bike firm’s compe-
tition is twofold—improving density of its bikes (to increase coverage) 
or improving quality of its bikes (to increase the probability of being 
chosen by consumers if there are competitors in the same location). An 
analogy can be drawn to the competition by cell phone carriers. People 
don’t just consider the coverage area of the carrier, but also the signal 
quality (when there are multiple carriers in the same location). 

Each bikeshare firm is endowed with a certain amount of investment 
at the beginning of the simulation. In dealing with its constraints in 
terms of available funding from outside investments, a firm maximizes 
its expected revenue by choosing the quantity of bikes needed to gain a 

greater share of the market and increasing the quality of its bikes by 
conducting research and development. Each firm tries to maximize its 
profit, which may align with society’s goal of maximizing overall wel-
fare and/or the goal of maximizing sustainability. 

3.1. Geography of the market 

Circumstances: The bikeshare market is composed of many locations 
(as shown in Figure 3). Consumers are randomly distributed at these loca-
tions and there is at most one consumer per location. 

The model assumes one consumer per location and one bike per firm 
per location should not be taken literally here. Instead, the circum-
stances represent a probability in game models. There are many loca-
tions the firms offer bikes. The consumers are randomly distributed 
across these locations. There could be ten consumers in a location who 
each pick up a bike. But for any individual consumer who shows up at a 
location, a bike is either available or not. Hence, it suffices to model the 
firm’s problem as providing service to a consumer at a location or not. 
“Putting a bike or not” is the firm’s relevant decision. 

There are two bikeshare firms, so the maximum number of types of 
bikes that can appear at each site is two. The total number of locations in 
this area is C, so each firm can bring at most C bikes to the market in 
total. We assume that there is an alternative means of traveling—e.g., 

Table 1 
Comparison of This Study with Similar Published Papers.  

Aspect Work Focus Merit 

Research 
Approach 

Dixit (1979) Oligopolistic competition model Product specification is the most important strategy when entry can be controlled  

Yang and Nie (2017) Two-stage dynamic game Higher equilibrium point for quality and production under Cournot quantity 
competition model  

Alvisi and Carbonara 
(2020) 

Product composition model Positive potential influence on consumer surplus from introducing a product consisting 
of two imperfectly substitutable products  

Soriguera and 
Jiménez-Meroño (2020) 

Design variables for bike-sharing 
systems 

Free-floating configurations can lead to problems, such as clogging up city centers and 
longer walking distances to bikes during peak hours  

Wang and Wu (2017) Duopoly game Prediction of the bike-sharing market reaching a low-price equilibrium  
Ma et al. (2018) Four-party game Cost advantages for second- and third-tier brands when competing with first-tier brands  
Rong et al. (2019) Game-theoretic model of redundancy Monopoly could alleviate redundancy to a certain extent  
This Study Innovative game theoretical model Deep analysis of the quantity-quality competition in the bike-sharing industry; 

Attention to innovative firms facing financing problems 
Research 

Problem 
Qiu (2016) Differences between bike-sharing 

platforms and the sharing economy 
Bike-sharing marked a significant transformation of the traditional sharing economy  

Wang (2017), Zhang and 
Wu (2017) 

Lease relationship between consumers 
and bike-sharing firms 

Rent is the main source of revenue for bike-sharing firms  

Song and Zhang (2017) Multi-homing strategy in the bike- 
sharing industry 

Ofo should produce a breakthrough in technology, improve its core competitiveness, 
and make up for password loopholes and the lack of GPS positioning  

Mix et al. (2022) Demand for bike-sharing trips and 
optimal location of stations 

The built environment has impacts on public bicycle use primarily from residential and 
office land uses, and the presence of long bicycle lanes near the stations  

Brown et al. (2022) Demand for bike-sharing trips Bike share demand is higher on links with access to transportation infrastructure and 
bikeways physically separated from automobiles.  

Alaoui et al. (2021) Intelligent management of shared 
bicycle systems 

They propose a global system using ensemble methods to improve bike sharing 
program in smart cities.  

Cheng et al. (2022) Bikeshare-metro integrated use The built environment has inverted u-shaped effects on bikeshare-metro integrated use  
This study Bike-sharing competition addressing a challenge to sustainable development posed by competition in China’s 

bike-sharing industry  

Figure 2. Flowchart of the game modeling.  
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taking a taxi—for each consumer. 
We assume a fixed single-use price $P for each bike trip. Based on the 

facts in the shared-bike industry, the prices of different bikes are the 
same. For example, the most popular shared-bike platforms in Chi-
na—Meituan, Qingju, and Hellobike—charge the same price, 1.5 yuan 
(about 0.2 USD) per 30 minutes (That’s Magazine Online, 2022). 
Therefore, if there is only one bike at a particular location, a consumer 
has no choice but to ride that bike. However, the consumer will tend to 
choose the bike with the higher technological level if there is more than 
one bike available at a particular location. Equal price across platforms 
may also be an equilibrium outcome in which individual firms engage in 
Bertrand-like competition: When consumers choose the bike with the 
lowest price, firms will price equally in equilibrium even if we allow 
them to compete on the price dimension. 

3.2. Consumers 

The total number of consumers is M. Consumers are randomly 
distributed among the C locations. We assume M<C, and there can be at 
most one consumer at any location. 

A consumer can choose any firm’s bike to ride at each site. This 
means that all consumers can choose bikes. For simplicity, we assume 
that the cost of walking (i.e., and not riding a shared bike) from one 
location to an adjacent one is sufficiently high for a consumer to choose 
some other means of transportation. However, no other form of trans-
portation is available from one location to an adjacent one because of 
the relatively short distance. That is, it is too far to walk from one 
location to an adjacent neighbor and too close/expensive for the use of 
other transportation methods, such as a taxi or driving. 

If no bike is available at a particular site, then the consumer will get 
zero utility. In general, we assume that consumers will have the 
following preference: 

U =

⎧
⎨

⎩

0 (does not ride any bike)
U0 + T1 − P > 0 rides the bike of firm 1
U0 + T2 − P > 0 rides the bike of firm 2

(1) 

The utility function consists of three terms: the basic utility of using a 
bike U0; the additional utility brought by the technological level of the 
shared bike T; and the cost of the single-use price expressed by P. 

When there is only one firm’s bike at the same point: 

PrBikej is selected
⃒
⃒only bikej is available at the site= 1; (2) 

When bikes from Firm 1 and 2 are available at the same point: 

PrBikej is selected|bikes from both firms are available =
Tj

T1 + T2
. (3) 

This functional form is in line with a discrete choice model (Berry 
et al., 1995, 2004): The probability of choosing a bike is proportional to 

its technological level. Based on the nature of seeking higher utility, a 
customer’s probability of choosing a bike depends on the utility level 
associated with it. When only one type of bike is available at a specific 
location, the customer chooses to ride it to take advantage of the con-
venience. When the bikes of two competitors are available at the same 
location, the probability of choosing a bike with a higher technological 
level should be greater since comfort is associated with greater utili-
ty—and this probability should decrease if the technological level of the 
other bike (the competitor’s bike) increases. Hence, we assume that the 
probability of bike j’s being selected is Tj

T1+T2
.

3.3. Bikeshare firms 

At the beginning, each of the two bikeshare firms (indexed by j = 1,
2) is endowed with an investment funding of size Ij=1,2. In the first stage, 
each firm will conduct research and development and/or invest more 
cost to obtain bikes of appropriate technological level. Quality 
improvement is assumed to be equal for the two firms. We then assume 
the cost of improving a unit level of the bike’s technology to be $x. At 
this stage, firms simultaneously choose the technological level of their 
bikes. Afterward, each firm will simultaneously decide the number of 
bikes to produce and bring to the market. All bikes from a firm will adopt 
the same technology the firm obtained from its research and develop-
ment stage. We set the production cost per bike as $s, which is equal 
across the two bikeshare firms. 

With the support of this investment fund, each firm will conduct 
research and development, and it will simultaneously make decisions 
concerning the number of bikes to bring to the market. We assume that 
the cost of improving a unit level of the bike’s technology is $x, i.e., 
research and development efficiency is equal across the two firms and 
the production cost per bike is $s, which is also the same for each firm. 

Therefore, each firm j will choose its bike’s technological level Tj, as 
well as the quantity of bikes Nj to bring to the market, with its own 
budget constraint Ij. The following budget constraint should be satisfied: 

sNj + xTj ≤ Ij. (4) 

In addition, we assume that the total number of locations C is large, i. 
e., Nj < C, to guarantee one bike at each location demands at least C 
bikes and costs sC in total. We assume that the size of the investment 
fund for each firm is not sufficient to provide bikes for all possible lo-
cations, and thus Ij < sC.

The two firms are fully aware of the current unit price relating to 
both quantity and technology in the market, and the amount of invest-
ment that they receive is also common knowledge in the industry. Under 
this set of circumstances, the firms make their choices simultaneously 
and remain strictly committed to their respective decisions. 

After a certain number of bikes at a certain level of technology are 
randomly put on the market, the probability that a bike from firm j is 
selected by the potential consumer would be 

Pronly firm j′ s bikes are available at the site =
M
C

⋅
Nj

C
⋅
(

1 −
Ni

C

)

⋅1, i, j

∈ {1, 2} and i ∕= j (5)  

Prboth bikes are available but firm j
′

s bike is selected =
M
C

⋅
N1

C
⋅
N2

C
⋅

Tj

T1 + T2
.

(6) 

Firms 1 and 2 provide services under a unified single-use price. The 
revenue function of Firm 1 would therefore be 

R1 =

[
N1

C

(

1 −
N2

C

)

+
T1

T1 + T2

N1

C
N2

C

]
M
C

P. (7) 

According to the above setup, firms must make decisions about the 
optimal allocation of their available funding to research and develop-
ment and production, respectively, and essentially face a trade-off 

Figure 3. A sample illustration of consumers and shared bikes.  
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between the quality and quantity of the bikes they will eventually bring 
to the market. 

Therefore, the decision problem for Firm 1 is 

max
N1 ,T1

R1 =

[
N1

C

(

1 −
N2

C

)

+
T1

T1 + T2

N1

C
N2

C

]
M
C

P (8)  

s.t.sN1 + xT1 ≤ I1  

where N1,T1, I1,R1 represent Firm 1’s choice concerning the quantity of 
bikes, its choice concerning the technological level, the size of its 
available investment fund, and its expected revenue, respectively. 

Firm 2 faces a similar decision problem as Firm 1: 

max
N2 ,T2

R2 =

[
N2

C

(

1 −
N1

C

)

+
T2

T1 + T2

N1

C
N2

C

]
M
C

P (9)  

s.t. sN2 + xT2 ≤ I2 

We also wish to explain why we assume the firms’ primary goal is 
maximizing revenue rather than maximizing profit. This is because the 
basic setup, whereby both firms are at the stage of obtaining financing 
from venture capital—that is, when firms are extremely likely to spend 
every penny of their investment fund on their competition with rival 
firms and, as a result, make no profit. Hence, the amount of the total cost 
is exactly equal to the amount of the investment, i.e., sNj + xTj = Ij. To 
attract larger investments of capital during the upcoming financing 
round, the two firms compete to obtain a higher rate of return on the 
investment, which can be expressed as R− I

I = R
I − 1. It is thus evident that 

under our assumptions, maximizing revenue is equivalent to maxi-
mizing profit and is consistent with the firms’ periodic goal. 

4. Equilibrium Analysis 

The two bikeshare firms make a simultaneous move represented by 
equations (8) and (9). This is essentially a matching game: Every firm 
designs its optimal competitive strategy to match more consumers with 
its own bikes. Each firm has two dimensions of instruments with which 
to compete in this matching game: increasing the quantity of bikes (i.e., 
availability to consumers) and raising the quality of bikes (i.e., traveling 
comfort and attractiveness to consumers). 

In this section, we will solve and analyze this Nash equilibrium. 
If n1 = N1

C , t1 = xT1
sC , i1 = I1

sC, r1 = CR1
PM , then the optimization problem 

for Firm 1 becomes 

max
n1 ,t1

r1 = n1(1 − n2) +
t1

t1 + t2
n1n2 (10)  

s.t.n1 + t1 ≤ i1  

where n1 stands for the geographic density of Firm 1’s bikes in the 
market and t1 stands for the technological level of Firm 1’s bikes. 
Therefore, r1 is proportional to firm 1’s revenue. 

Note that we have previously assumed that Ij < sC and this implies 

ij =
Ij

sC
< 1.

The problem for Firm 2 will therefore be similar. 
To simplify notation, we can expand the set so that t1 = ai1, t2 = bi2, 

i1 = ki2 = i. Then the game for the two firms would be 
⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

max
a

r1 = (1 − a)i
(

1 −
b(1 − b)i
k(ak + b)

)

max
b

r2 =
(1 − b)

k
i
(

1 −
a(1 − a)ki

ak + b

) (11)  

where a and b, respectively, represent the ratios of the technology in-
vestment to the total capital chosen by Firms 1 and 2 to improve the 

technological level. The variable k measures the relative size of the in-
vestment funds available to Firms 1 and 2. In the following discussion, 
we assume that k ≥ 1, which means that Firm 1 has a relatively larger 
amount of investment funding. 

4.1. Baseline scenario: A symmetric equilibrium of equal endowment 

We first consider the symmetric scenario in which Firm 1 and Firm 2 
are endowed with the same amount of investment funds (i1 = i2) at the 
very beginning. From Equation (2-9), we can derive the best response for 
each of the two firms: 
{

a = − b +

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

ib
(
1 − b2)

√

b = − a +

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

ia(1 − a2)

√ (12) 

In this symmetric equilibrium, the share of technology investment in 
its total investment for the two firms can be solved from (12): 

a∗ = b∗ =

̅̅̅̅̅̅̅̅̅̅̅̅
i2 + 4

√
− 2

i
. (13) 

The rates of return on investment for the two firms is 

r1

i1

∗

=
r2

i2

∗

=
sC2

PM
R1

I1

∗

=
(1 − a∗)(2 − (1 − a∗)i)

2
. (14) 

We can then derive the following proposition. 
PROPOSITION 1: In a symmetric equilibrium in which two firms 

have the same amount of investment funds available at the beginning:  

a) With a low amount of available investment fund, the share of technology 
investment will be small.  

b) As the amount of available investment funding decreases, the share of 
technology investment will eventually converge on 0. 

Proof. We can take the limit i→0, to examine lim
i→0

a∗, where a∗ =
̅̅̅̅̅̅̅̅
i2+4

√
− 2

i . 
By applying the L’Hôpital’s rule (Figure 4), we can get 

lim
i→0

( ̅̅̅̅̅̅̅̅̅̅̅̅
i2 + 4

√
− 2

i

)

= lim
i→0

(
i
̅̅̅̅̅̅̅̅̅̅̅̅
i2 + 4

√

)

= 0.

That is, lim
i→0

a∗ = 0. 

Q.E.D. 

If there is only one bike at a certain location, the consumer can only 
choose that bike to ride. If there is no bike at a particular location, there 
will be no chance for a consumer to take this firm’s bike even though the 
firm’s technological level is higher. Therefore, it is of the utmost 
importance that each firm increases the total number of bikes available 
to the market. When the size of the available funding is relatively small, 
most of the investment will be devoted to increasing the quantity of 
bikes (Proposition 1). 

PROPOSITION 2: In the symmetric equilibrium in which two firms have 
the same amount of investment funding available at the beginning:  

a) When the size of the available investment fund increases, both firms will 
slightly increase their share of technology investment; and  

b) the maximum share of the technology investment is less than one-quarter. 

Proof. We can take the derivative of the share of the technology in-
vestment in equilibrium (a∗) with respect to the size of investment fund 
(i) and get 

∂a∗

∂i
=

2
̅̅̅̅̅̅̅̅̅̅̅̅
i2 + 4

√
− 4

i2
̅̅̅̅̅̅̅̅̅̅̅̅
i2 + 4

√ > 0. (15) 

This means that a∗ is an increasing function of i. 
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Moreover, we have assumed before that j = Ij
sC < 1 and, because a∗ is 

an increasing function of i, 

a∗ <

̅̅̅̅̅̅̅̅̅̅̅̅
i2 + 4

√
− 2

i
=

̅̅̅
5

√
− 2 ≈ 0.236 < 0.25. (16) 

Q.E.D. 

When bikeshare firms get a larger amount of investment, the 
importance of improving the technology of bikes increases accordingly. 
Therefore, the proportion of technology investment will increase. 

Nevertheless, the ratio of technology investment to the scale of the 
total investment increases very slowly. Also, in equilibrium, the ratio of 
technology investment (i) is insignificant compared with quantity in-
vestment (1 − i) even if the two firms receive an extremely large in-
vestment. Note that i = 1 means that if the firm uses all its investment to 
increase quantity, it can reach a distribution density of 1. In other words, 
the investment received by a firm at this time can finance the production 
of enough bikes (with no technological value added) to cover the whole 
market. However, even under such an extreme condition, the ratio of the 
technology investment to the total investment is still lower than 
0.25(a = b = 0.2361). It is for this reason that bikeshare firms will tend 
to refuse to spend most of their investment on technological improve-
ment. This is true although a very large quantity of shared bikes and the 
various problems that often come with them (for example, bikes parked 
in roadways and the deposition of wasted bikes) have inconvenienced 

people and there have already been strong social and public appeals 
concerning these issues. 

PROPOSITION 3: In a symmetric equilibrium in which two firms have the 
same amount of investment funds available, the rate of return on investment 
in equilibrium decreases as the scale of investment increases. 

Proof. We can take the derivative of the investment return in equi-
librium with respect to the overall investment and get 

∂r∗/i
∂i

< 0. (17) 

Q.E.D. 

In this symmetric equilibrium, a larger amount of available funding 
is associated with a lower rate of return. This is consistent with the 
principle of a return rate’s decreasing with scale. In this model, the 
marginal profit associated with an additional bike will decline as the 
number of existing bikes increases, while improving the technological 
level of bikes will become relatively more profitable, as suggested by 
Proposition 2. The transition to technological improvement, however, 
cannot reverse the aggregate trend of a return rate’s decreasing with 
scale, as demonstrated by Proposition 3; this reveals why some shared- 
bike companies lack the motivation to improve their bikes’ technology. 

4.2. Equilibrium with an unequal endowment 

We now consider the scenario in which Firm 1 and Firm 2 receive 
different amounts of outside investment (i1/i2 = k > 1) and there is an 
assumption that Firm 1 receives a larger investment fund. In turn, this 
produces an asymmetric equilibrium. 

In this case, the best responses of the two firms to each other would 
be 
⎧
⎪⎨

⎪⎩

a = −
b
k
+

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
bi(1 − b)(b + k)

√

k3/2 ,

b = − ak +
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
kai(1 − a)(ak + 1)

√
.

(18) 

However, it is difficult to solve Equation (18) in such a way as to 
achieve a closed-form solution. Therefore, we mainly present our 
simulation results and calibrations in this subsection. 

4.2.1. Situations with a fixed k and a fixed i 
We start with the situation in which k and i are fixed. 
RESULT 1 
In the asymmetric equilibrium in which two firms have different amounts 

of investment funding,  

(1) The firm with a greater investment will spend a relatively small share 
of its funding on improving technology and it will have a lower tech-
nological level.  

(2) The firm with a greater investment will achieve a higher rate of return 
on investment. 

Simulation. Set k = 2, i = 0.1. 
We can calibrate the values of k and i based on actual data from the 

Chinese bikeshare industry. In practice, the initial investment received 
by the first two competing bikeshare firms in this market (prior to Round 
B) is about 2:1 and the small value of i reflects the fact that the market is 
huge and neither firm has enough capital to put bikes at all those 
locations. 

According to (2-9), the two firms’ revenue would be 
⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

r1 = 0.1(1 − a)
(

1 −
0.1b(1 − b)
2(2a + b)

)

;

r2 = 0.05(1 − b)
(

1 −
0.2a(1 − a)

2a + b

)

.

(19) 

From (2-11), the two firms’ best responses to each other would be 

Figure 4. The relationship of available investment fund with the (a) share of 
technology investment and (b) rate of return. 
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⎧
⎪⎪⎨

⎪⎪⎩

a = −
b
2
+

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
0.1b(1 − b)(b + 2)

√

2
̅̅̅
2

√ ;

b = − 2a +
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
0.2a(1 − a)(2a + 1)

√
.

(20) 

In equilibrium (Figure 5), the ratios of technology investment to the 
total investment received for each firm can be solved as: 
{

a∗ = 0.012336;
b∗ = 0.0252968. (21) 

According to the simulation (Figure 6), the relative ratio of the two 
firms’ technological level and rate of return on investment in equilib-
rium would be 

t1
∗

t2
∗
=

a∗i1

b∗i2
=

ka∗

b∗
= 0.975301 < 1; (22)  

r∗1
i1

/
r∗2
i2

= r∗1

/

kr∗2 = 1.07929 > 1. (23) 

To check the robustness of our result, we calculated the two firms’ 
relative technological level and investment return in equilibrium when 
given different sets of {i, k}. The results presented in Table 2 show that t∗1 
/t∗2 < 1 while (r∗1 /i1)/(r∗2 /i2) > 1, if k > 1, which is consistent with these 
results. 

According to this model, when the two firms receive different 
amounts of investment, the one with the larger scale of investment (k>1; 

Figure 5. The proportional relationship between revenue and technology investment for the two firms receiving different amounts of investment (i = 0.1, k = 2).  

Figure 6. The best reaction curve for the ratio of technology investment for the 
two firms, which receive different amounts of investment (i = 0.1, k = 2). 
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thus Firm 1) would have a lower share of technology investment to total 
investment and a lower absolute amount of technology investment. This 
firm will also end up with a correspondingly lower technological level. 
This is because the firm receiving the smaller amount of investment is 
aware of its unfavorable position during the “matching” step. That is, 
even if that firm spends all its investment funding on increasing its 
quantity of bikes, it will not increase the probability of being selected 
and crowding out the opponent’s product. Therefore, it would be unwise 
to adopt an aggressive quantity-oriented strategy for the firm with less 
investment. Instead, it would tend to attract potential consumers at the 
selection stage with a higher technological level. This is the logic by 
which the firm receiving a smaller amount of investment will adopt a 
more aggressive technology-oriented strategy in comparison with the 
firm receiving more investment. 

With that said, though the firm with less investment will tend to 
attempt to attract potential consumers at the selection step, the 
matching step (which happens prior to the selection step) has a more 
significant influence on the firm’s revenue. Therefore, in terms of the 
rate of return on investment, the firm with less investment has no 
advantage against its opponent. Hence, to attract more investment, the 
company will increase its quantity and keep its technology share low, 
which might lead to oversupply. 

4.2.2. Situations with fixed k, changing i 
We can consider cases in which k is fixed and i changes. 
RESULT 2 
In an asymmetric equilibrium in which two firms have different amounts 

of investment funding and the relative ratio between their investments remains 
constant,  

(1) The firm with more available funds tends to perform at a lower 
technological level, and the technological level difference is further 
enlarged as more capital flows into the industry.  

(2) The firm with more available funds tends to achieve a higher rate of 
return, and this difference is further enlarged as more capital flows 
into the industry. 

Simulation. We can set k = 2 and change i within the interval of 
(0,1). 

The value of k is chosen for the same reason we have discussed 
previously, and we can set i in the range of 0 to 1 since this interval can 
cover most cases in practice—even extreme ones. A value of i close to 
0 represents an untapped market, while a value of i close to 1 implies 
that even the less invested firm can cover the whole market with its bikes 
if it spends all its funds on improving quantity. 

Figure 7 shows how the two firms’ technological level and the rate of 
return on investment in equilibrium will change in relation to their 
overall scale of investment (i): 

When both firms receive a small scale of investment, the less invested 
one would be able to dominate the selection step with a higher tech-
nological level despite its disadvantage during the matching step. 
However, its disadvantage in the matching step would be more signifi-
cant as the absolute investment scale grows, which motivates the firm 
with less investment to salvage the situation by using an even more 
aggressive technology-oriented strategy. The gap in technological level 
between the two firms is thus further widened. However, although this 
strategy is the optimal choice for the less invested firm, it fails to attract 
a sufficient investment return and becomes less effective as the indus-
trial investment scale grows. As we can see in Figure 7, the gap between 
the two firms’ rate of return on investment is further widened. 

According to this model, when the overall scale of investment is 
small, even though one firm has an investment several times larger than 
the other, their rates of return on investment are almost the same. This 
suggests that taking into consideration various real-life factors (for 
example, market uncertainty and the fact that different investors would 
tend to invest in different companies within the same industry), the 
receiver of the smaller amount at the beginning is quite capable of 

Table 2 
Two firms’ relative technological level and investment return with different 
levels of i and k  

Ratio i k=1 k=2 k=3 k=4 k=5 

t∗1 /t∗2 i=0.01 1 0.997503 0.996672 0.996257 0.996008  
i=0.1 1 0.975297 0.967209 0.963192 0.960790  
i=0.5 1 0.881080 0.845701 0.828759 0.818826 

r∗1
i1 

/
r∗2
i2 

i=0.01 1 1.00376 1.00502 1.00565 1.00603 
i=0.1 1 1.03896 1.05216 1.05880 1.06279  

i=0.5 1 1.23056 1.31260 1.35443 1.37976  

Figure 7. The relationship between the relative ratio of two firms’ technological level and the rate of return on investment in equilibrium, and the scale of in-
vestment i when k = 2. 
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getting financial support from investors and even having a chance to 
turn the tables in terms of the scale of its investment received. The early 
stage of the bikeshare industry is indeed full of opportunities. 

However, when the overall scale of investment is large, the invest-
ment return would be significantly influenced by the difference between 
their own relative scales of investment. At this time, we would find some 
extremely advanced bikes on the market. However, the firm with this 
type of bike will probably be quickly knocked out of the market due to its 
unsatisfying performance in terms of its investment return—if a mature 
bikeshare industry would calmly and efficiently eliminate the firm that 
receives relatively less investment. 

4.2.3. Situations with a changing k and fixed i 
We can consider the case in which i is fixed and k changes. 
Result 3 
In the asymmetric equilibrium in which two firms have different 

amounts of investment funding available, one has a constant scale of 
investment and the other’s investment varies:  

(1) The firm with more available funds tends to perform at a lower 
technological level, and the technological level difference is further 
enlarged as the disparity in investment received by the two firms 
grows.  

(2) The firm with more available funds tends to achieve a higher rate of 
return, and such difference is further enlarged as the disparity in in-
vestment received by the two firms grows. 

Simulation. We can set i = 0.1 and change k within the interval of (1,
5). 

The value of i is chosen for the same reason we have discussed pre-
viously and the range of k from 1 to 5 would be sufficient to enable a 
clear view of the trend. 

As Figure 8 shows, with some fluctuation, the relative ratio of the 
two firms’ technological level and the rate of return on investment in 
equilibrium would change as their ratio of investment received (k) 
increases: 

In general, the ratio of the two firms’ technological level and in-
vestment return rate increases as the disparity in funding received is 
increased. When there is a significant disparity in terms of investment, 

the less invested firm would be more motivated to attract potential 
consumers with an aggressive technological strategy, while it still falls 
behind in the competition for a higher investment return rate. 

However, we can see that this trend is not consistent. When the value 
of i changes from 1 to 2, the relative ratio of technology level and in-
vestment return experiences significant fluctuation in which they both 
drop rapidly to a negative value and then recover to the original 
trajectory. 

The two bikeshare firms must achieve a relatively higher rate of 
return on investment than their opponent to obtain further investment. 
However, this requires a large scale of investment obtained beforehand. 
In other words, a large scale of investment received in the earlier stage 
leads to a greater possibility of obtaining further investment and a lower 
possibility of capital chain rupture in the future. 

For investors in bikeshare firms, if they want a relatively high rate of 
return on investment, they should give their money to the more invested 
firm. In fact, if investors continue to support Firm 1 and keep its scale of 
investment received greater than that for Firm 2, Firm 1 will be able to 
reward its investors with a relatively higher rate of return on investment 
than Firm 2. This means that investors don’t even need to have infor-
mation about the firm’s profitability when making investment decisions; 
they only need to identify the company with a larger amount of 
financing. The rationality of investing in one rather than the other would 
then be self-reinforcing. In fact, this situation for investors is like a game 
of kingmakers, in which investors can only prove the correctness of their 
decision by choosing one alternative and funding it without too much 
consideration given to budgeting. 

From this point of view, bikeshare firms will struggle to obtain more 
investment than their opponents, while investors will reasonably invest 
as much as they can. The reason behind the enormous capital influx into 
this industry is not, as suggested by behavioral economics, such as 
bounded rationality or irrational investment in consequence; instead, it 
is exactly the opposite. Firms and investors act rationally and self- 
certification of the soundness of investment is further demonstrated as 
the number of investments increases. This explains the logic behind the 
capital influx in the bikeshare industry to a certain extent and offers a 
major reason why this industry developed at such a remarkably high 
speed. 

Figure 8. Relationship between the relative ratio of the two firms’ technological level and their rate of return on investment, and their ratio of investment received k, 
when i = 0.1. 
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5. Case studies and empirical evidence 

China’s bikeshare industry has so far experienced three stages of 
development. In 2007, China introduced a government-controlled 
public bike system, and bike docking under the management of each 
city began to appear (Figures 8 and 9). In 2010, Yonon Technology 
Company was founded, and private enterprises started to participate in 
the business of docking bikes. Around 2015, Ofo and Mobike were 
founded, and the dockless bike-sharing services provided by private 
enterprises using internet of things technology sprang up. Since then, the 
development of China’s dockless bikeshare industry has experienced 
significant acceleration, in terms of both the number of firms (and the 
types of bikes) on the market and the rapidly growing number of con-
sumers. In 2017, however, several shared-bike firms went bankrupt and 
left the market. The bikeshare firms that closed in 2017 include Wukong 
Bike (June); 3Vbike (June); Xiaoming Bike (July); Dingding Bike 
(August); Kuqi Bike (September); and Bluegogo (November). Although 
two firms with a combined market share of 93% (Ofo with 52% and 
Mobike with 41%) maintained their leading positions, negative news 
about them (for example, that the firms could not obtain continuous 
funding, that they would compete for market share through the envi-
ronmentally unfriendly “sea of bikes” tactic without improving tech-
nology, etc.) spread significantly. The inherent reasons for these 
phenomena are worth studying. 

In this section, we examine some representative cases in China’s 
bikeshare industry and analyze their development based on our model. 
By combining theory and practice, we can better confirm the real-life 
significance of our model’s conclusion and gain a better understand-
ing of bike-sharing as a newly emerging aspect of the sharing economy. 

5.1. Ofo and Mobike 

As pioneers of China’s dockless bikeshare industry, Ofo and Mobike 
were the top two firms in the industry (Ma et al., 2019) until Ofo’s 
bankruptcy in December 2018. Although there are many more than 
these two firms in China’s dockless bikeshare market, the remaining 
firms cannot compare with these two in terms of either entry time or 
market share. For this reason, the game between Ofo and Mobike can be 
captured by our model. 

Founded in December 2014, Ofo focused on providing bikes on 
university campuses and did not enter the market until it launched in 
Beijing in October 2016 (Table 3). Mobike was founded in January 2015 
and officially started its dockless bike-sharing business in Shanghai in 
April 2016. As we can see in the following table, since each is specific to 
one city, it is reasonable to consider the two companies as entering the 
market at the same time. 

For Ofo bikes, the riding fee is 1 RMB per 60 minutes, the average 
riding distance is within approximately 2 kilometers, and riding 1 
kilometer takes around 10 minutes. For Mobike, the riding fee is 1 RMB 
per 30 minutes, the average riding distance is around 2 kilometers, and 
it takes about 8 minutes to ride one kilometer. Most of the consumers of 
these two firms ride for under 30 minutes, so the two firms can be 
considered to have established the unified single-use price in the market. 

Prior to Round B, Ofo received about twice as much investment as 
Mobike, and this difference in investment scale at the initial stage is why 
the two firms made different strategic choices (Table 4). According to 
Result 1 of our model, the more invested firm would spend a relatively 
small percentage of its funds on improving technology and would have a 
lower technological level. Ofo, with a larger scale of investment, adop-
ted a quantity-oriented strategy while Mobike, with a relatively small 
scale of investment, chose a more technology-oriented strategy. 

The data show that Mobike was not immediately knocked out of 
market, even though it received relatively little investment at the initial 
stage. According to Result 2 of the model, the more invested firm’s rate 
of return on investment, compared with its opponent’s, is higher than 1 
and increases as they both obtain more investment funding. Therefore, 
at the initial stage, when the overall scale of investment is small in ab-
solute terms, even though the investment received by Ofo was twice that 
of Mobike, the gap between their investment return rate was not sig-
nificant. Based on such a strategic consideration (investing in different 
enterprises in the same industry along with other investors), investors 
would naturally assume that Mobike might have potential value despite 
its slightly lower rate of return on investment and therefore would be 
worthy of investment. 

Furthermore, Mobike received more investment than Ofo in subse-
quent Rounds B, C, and D despite attaining a smaller investment during 
the initial stage and the continuing narrowing of the gap between the 
two companies’ investment scale. This was because investors in Mobike 
were motivated to help the firm achieve a higher investment return rate 
by providing further investment to prove the correctness of their initial 
decisions. As the gap in investment scale shrank, the difference in 
quantity and technology between the two firms also narrowed. Ac-
cording to BigData-Research and Qianzhan, Ofo’s cumulative number of 
bikes was 150% higher than Mobike’s in March 2017. And in May 2017, 
Ofo had 36% more bikes than Mobike. Moreover, though Mobike was 
once well known for not prioritizing advanced technology, the firm also 
introduced smart locks and a GPS system in 2017, which indicates that 
the disparity in the two firms’ technological level was no longer very 
great (Table 5). This phenomenon corresponds very well with our 
Result 3: The ratio of the more invested firm’s technological level to its 
competitor’s is lower than 1 and decreases as the disparity in their in-
vestment scale grows—or, looking at this another way, the gap would be 
narrowed as the disparity in their investment scale disappears. 

During the bankruptcy wave for bikeshare firms in the second half of 
2017, Ofo and Mobike still occupied leading positions in the industry 
with extremely high market shares. However, this did not mean that Ofo 

Figure 9. Market share of the main bike-sharing firms in 2016 and 2017. 
Source: iimedia.cn and Sootoo Institute (2017). 
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and Mobike could rest easily. In 2018, Ofo and Mobike canceled low- 
price promotions (such as riding a bike with a fixed fee of 1 RMB per 
month). There was then more speculation that Ofo and Mobike’s capital 
chains were about to break. The converging scales of investment led Ofo 
and Mobike to be considered firms that received equal funding. Thus, 
the capital crisis for both can be explained by Proposition 1 of our 
model: The rate of return on investment in equilibrium decreases as the 
scale of investment increases. In a case in which a huge scale of in-
vestment was obtained, the two firms could maintain the original in-
vestment rate of return and the capital crisis was thus inevitable. 

The predictions of our model provide one of the main reasons for the 
two firms’ demise. In 2018, Mobike was purchased by Meituan and then 
ended its existence as an independent firm. At the end of 2018, Ofo 
started to have difficulty returning its users’ deposit and later went 
bankrupt. 

5.2. Bluegogo 

Founded in November 2016, Bluegogo chose Shenzhen as its starting 
point in the dockless bikeshare industry. Bluegogo received Round A 
financing of 400 million RMB in January 2017 and was known as the 
most easy-riding shared bike because of its ergonomic design. However, 
Bluegogo’s good performance did not last long; it failed in its Round B 
financing plan and stopped operating in November 2017. 

Unlike Mobike, which was once at a disadvantage in terms of its 
investment scale yet managed to catch up with its competitor, Bluegogo 
was never able to turn the tables. The reason is that when Bluegogo 
entered the market, the overall scale of investment was much larger than 
what it was when Mobike entered. Mobike entered with an investment 
of 1.46 million RMB, while Bluegogo obtained 400 million RMB (and is 
still less funded compared with other early comers in the industry). This 
indicates that the bikeshare market has experienced rapid expansion. 
Just as Result 2 and Result 3 suggest, when the disparity between two 
firms’ available investment scale is large and their overall investment 
level is high, their difference in technological level and investment re-
turn will be increased. Compared with the bikes of other firms, the kind 
of bike released by Bluegogo is far superior in terms of comfort level, 
which resulted from the fact that an aggressive technological strategy 
was its optimal choice. Nevertheless, when Bluegogo made that choice, 
it should have realized that as the firm with the most easy-riding bike, it 
would suffer a crushing defeat in terms of its investment return rate and 
inevitably be knocked out of the market soon after. 

6. Conclusions 

In this paper, in addition to the traditional consumer-to-consumer 
sharing economy (Acquier et al., 2017; Murillo et al., 2017), we pre-
sent a novel game-theoretic model to explore the mechanism behind 

Figure 10. Daily active users (in thousands) of the main bike-sharing apps in the second half of 2018. 
Source: iimedia.cn 

Table 3 
Time at which Ofo and Mobike entered their main cities  

City Ofo Mobike 

Shanghai 2016/10 2016/04 
Beijing 2016/10 2016/08 
Guangzhou 2016/11 2016/09 
Shenzhen 2016/11 2016/10 
Chengdu 2016/12 2016/11 
Xiamen 2016/12 2016/12  

Table 4 
Financing history of Ofo and Mobike  

Round Ofo Mobike  

Time Title Investment Time Title Investment 

1 2015/ 
03 

Angel ¥ 1 million 2015/ 
03 

Angel ¥ 1.46 
million 

2 2015/ 
12 

pre-A ¥ 9 million 2015/ 
10 

A $ 3 million 

3 2016/ 
04 

A ¥ 25 million 2016/ 
08 

B $ tens of 
millions 

4 2016/ 
09 

B $ tens of 
millions 

2016/ 
08 

B+ $ tens of 
millions 

5 2016/ 
09 

B+ $ tens of 
millions 

2016/ 
09 

C $ 100 
million 

6 2016/ 
10 

C $ 130 
million 

2016/ 
10 

C+ $ 55 million 

7 2017/ 
03 

D $ 450 
million 

2017/ 
01 

D $ 215 
million 

8 2017/ 
04 

D+ $ hundreds 
of millions 

2017/ 
01 

Strategic $ hundreds 
of millions 

9 2017/ 
07 

E $ 700 
million 

2017/ 
06 

E $ 600 
million 

10 2018/ 
03 

Strategic ¥ 1.77 
billion 

2017/ 
11 

Strategic Not 
Revealed 

11 2018/ 
03 

Strategic $ 866 
million 

2018/ 
01 

Strategic $ 1 billion 

12 2018/ 
03 

Strategic $ 866 
million    

Total ¥ 18.1 billion ¥ 17.2 billion  

Table 5 
Cumulative number of Ofo and Mobike bikes (in 1,000)  

Time Ofo Mobike 

2016/12 800 500 
2017/03 2,500 1,000 
2017/05 5,000 3,650  
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some unique phenomena regarding profit versus sustainability in the 
business-to-consumer bikeshare industry. In this matching game, each 
bikeshare firm chooses its optimal competitive strategy and aims to 
match more consumers with its own bikes. Each firm has two di-
mensions of instruments with which to compete in this specific matching 
game: make investments to increase the quantity of bikes (i.e., accessi-
bility to consumers) and make investments to increase the quality of 
bikes (i.e., the technological level). When firms increase quantity, more 
consumers will have access to their bikes. But since the firm’s budget is 
limited, its bikes’ quality reduces thereby its consumers’ utility reduces 
(compared to high-quality bikes). By improving quality, consumers’ 
utility gets higher (compared with using its competitor’s bike) while the 
number of bikes reduces. The optimal strategy for a bikeshare firm in 
equilibrium will be a trade-off between the quantity and quality of its 
bikes since it has limited available investment funds. Given its higher 
quality, consumers are more likely to use its bike when its competitor’s 
bike is also in the same location, but the total number of its bikes 
decreases—and with larger quantity, there will be more locations in 
which only this firm’s bike is available, and thereby consumers can only 
choose it. When the two firms receive unequal amounts of outside in-
vestment, the results show that the firm with more investments attaches 
relatively less importance to quality but has a higher rate of return on its 
investment. A firm with higher quality is more likely to be knocked out 
of the market. These theoretical results are generally supported by the 
case studies and empirical evidence presented in Section 5. 

We believe our conclusion has real-life significance and provides a 
better understanding of bike-sharing as a newly emerging aspect of the 
sharing economy, aligned with SDG 11: Sustainable Cities and Com-
munities (Liu et al, 2022). First, we show that when the investment is 
small, most of the money will be spent to increase the quantity of bikes. 
And when two firms receive different investments, the firm with more 
access to funds tends to spend a larger share on increasing the quantity, 
resulting in a higher return rate. This conclusion is consistent with the 
case of Ofo and Mobike. Before 2016 September, Ofo received a larger 
scale of investment and adopted a quantity-oriented strategy while 
Mobike, with a smaller scale of investment, chose a more 
technology-oriented strategy. Also, our study reveals a vicious cycle 
whereby the company with more investment must spend more on 
quantity, which results in oversupply and redundancy. Also, we show 
that the rate of return of investment decreases as the investment in-
creases. That is, the two firms’ demise corresponds very well with our 
results: in 2018, Mobike was purchased by Meituan and then ended its 
existence as an independent firm. Later, Ofo went bankrupt. Second, our 
model shows that the firm with higher quality is more likely to be 
knocked out of the market, which is consistent with the case of Blue-
gogo. Bluegogo entered the market late and obtained a small amount of 
investment. Thus, Bluegogo chose a “quality-focused” strategy and suf-
fer a crushing defeat in return rate and inevitably knocked out of the 
market soon after (Result 2 and Result 3). 

China’s dockless bikeshare industry has moved into a new stage: The 
main firms in the industry have started to develop electric bikes and 
have launched them in some mid-sized cities. It is widely agreed that this 
new type of electric bike will become the focus of another round of 
competition and the trade-offs between the quantity and quality of these 
new bikes can also be an important aspect for competitors to consider. 
Beyond the bikeshare industry, the idea of quantity-quality trade-offs 
can also be applied to some newly emerging businesses, such 
community-group buying, which allows a group of residents within the 
same apartment compound to get discounts by buying as a group. The 
trade-off between attracting customers and keeping them loyal is worth 
discussing across multiple fields, and this trend can be seen as ongoing. 

Many factors affect behavior of bike-sharing users (Leister et al.; 
2018, Eren and Uz, 2020; Wang, et al., 2020), such as public trans-
portation and socio-demographic attributes. Most of the bike-sharing 
users are younger and living in denser neighborhoods with good ac-
cess to public transport (Mouratidis 2022), who usually don’t drive that 

much. And only 5% of bike-sharing trips less than 2 km were transferred 
from the car (Zhou et al. 2022). Thus, shared bikes’ impact on reducing 
the resource waste of automobiles might be limited. And compared with 
other public transportation, it is hard to say that shared bikes are a 
“better” option when it comes to the use of public spaces and resources. 
Also, Cao and Shen (2019) studied the impacts of shared bikes on carbon 
dioxide emission reduction and found that the usage rate of shared bikes 
is one of the influencing factors. To sum up, for shared bikes to have 
lower carbon footprints compared to other public transportation, the 
usage rate must be taken into consideration. 

Therefore, we put forward some new and useful managerial insights. 
First, from the perspective of market competition, the government 
should strictly limit the number of shared-bike providers in one city to 
avoid both monopoly and excessive competition. Excessive competition 
here refers to the problem of having many bike-sharing companies in the 
same area, all with an incentive to provide as many bikes as possible 
everywhere. For example, Beijing and Ningbo (KrAsia, 2018; Lu, 2021). 
Second, from the perspective of externality, sharing platforms require 
self-regulation and accompanying social responsibility. To address 
negative externalities, the government should enforce fiscal policies, 
such as taxing oversupplied firms and investing in bike infrastructure, to 
increase demand and reduce unused bikes. Third, from the perspective 
of technology improvement, the government should give subsidies to 
platforms to encourage advancements, such as Meituan Bike’s 
award-winning intelligent parking management technology. 

The framework developed in this research can be applied to analyze 
more industries with similar characteristics. Two strategies can be 
chosen to improve the success rate of matching in this type of game. One 
dimension of the matching strategy can be thought of as raising the 
direct matching probability, which is exemplified by raising the quantity 
of bikes in the case of bike-sharing. The other dimension of matching can 
be thought of as increasing matching efficiency, which is exemplified by 
improving the technological level of bikes. A matching competition with 
these two dimensions of strategies under a budget constraint can deliver 
useful predictions for relevant markets. 
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