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Bike-sharing system

• Bike-way planning, operation, management

• Interaction with surrounding environment

An excellent review by Shui and Szeto (2020)

Emerging of relevant research

HKSTS 2022, Zhengfei, Civil Dept. HKUST

Globally deployed: more than 2000 bicycle 
sharing programs worldwide, 18 million bikes 
in service



Introduction
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No attention has been paid to two opposite impacts of bike sharing system when integrated 
with transit service: complementary and substitutive 

Complementary with transit service (A->B->D->F)
• Serve as a feeder mode and address the 

last/first mile problem

Substitutive and Complementary (A->E vs A-
>B->C->E)
• bike-sharing systems can also divert some 

travellers from the transit service for short-
distance trips

HKSTS 2022, Zhengfei, Civil Dept. HKUST



Model formulation
• Problem description
• Interior equilibrium
• System performance



Problem description
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A common scenario that travellers in an urban 
area in the morning go to work from home 
(termed as commuters henceforth).
• Short-distance trips, given demand !𝑞𝑠
• Long-distance trips, given demand !𝑞𝑙

Shared bike service is introduced,

HKSTS 2022, Zhengfei, Civil Dept. HKUST

Clearly, without bike-sharing service,
𝑞#$% = 𝑞#$ = 𝑞&$% = 0, and thus 𝑞'% = 𝑞'(%, 𝑖 ∈ 𝑠, 𝑙

𝑞$ = 𝑞#$% + 𝑞#$ + 𝑞&$% + 𝑞$)



Cost of different travel modes
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Walking:  𝑐𝑤 𝑛 n-th traveller, +
+,
𝑐( 𝑛 >0 

HKSTS 2022, Zhengfei, Civil Dept. HKUST

Transit:  𝑐𝑖𝑡 = 𝜶 𝟏
𝟐𝒇𝒊

𝒕 waiting cost + 𝜷𝑻𝒊𝒕 in-vehicle time + 𝒑𝒊𝒕 (ticket fare), 𝑖 ∈ 𝑠, 𝑙

Bike:  1. access cost 𝑐$,5 𝑛 = 𝑀 𝑞$ , 𝑠$ , 𝑛 , +
+,
𝑐$,5 𝑛 = 67

6,
, 67
68#

> 0, 67
6##

< 0
2. riding effort (non-monetary cost for riding a bike)

• for feeder mode users : 𝑐$,9 𝑛
• for commuters by bike only : 𝑐$,: 𝑛

3. usage price: 𝑝$% for feeder mode users, 𝑝$) for commuters who ride a bike 
only and other users.  Assume 𝑝$) = 𝑝$% + 𝛿𝑝 for simplification.

𝑑
𝑑𝑛

𝑐$,9 𝑛 >
𝑑
𝑑𝑛

𝑐$,: 𝑛 > 0 Commuters who ride a bike for feeder mode are
generally reluctant to ride too long distance



Total Cost and Interior equilibrium
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Short-distance trips
• Walking + transit (wt): 𝐶#(% 𝑛 = 𝑐( + 𝑐#%
• Bike + transit (bt): 𝐶#$% 𝑛 = 𝑐$,5 + 𝑐$,9 + 𝑝$% + 𝑐#%
• Bike only (b): 𝐶#$ 𝑛 = 𝑐$,5 + 𝑐$,: + 𝑝$)
• Alternative mode (a): 𝐶#;

Interior equilibrium
• Without bike service, only walking + transit and alternative mode   

Long-distance trips
• Walking + transit: 𝐶&(% 𝑛 = 𝑐( + 𝑐&%

• Bike + transit: 𝐶&$% 𝑛 = 𝑐$,5 + 𝑐$,9 + 𝑝$% + 𝑐&%
• Alternative mode: 𝐶&;

𝐶'(% 𝑞'(% = 𝐶'; , 𝑖 ∈ 𝑠, 𝑙 , 𝑞'(%-th traveller is indifferent between wt and a

• With bike service, 

Short: 𝐶#(% 𝑞#(% = 𝐶#$% 𝑞#(% ; 𝐶#$% 𝑞#(% + 𝑞#$% = 𝐶#$ 𝑞#(% + 𝑞#$% ; 𝐶#$ 𝑞#(% + 𝑞#$% + 𝑞#$ = 𝐶#; ; 

Long: 𝐶&(% 𝑞&(% = 𝐶&$% 𝑞&(% ; 𝐶&$% 𝑞&(% + 𝑞&$% = 𝐶&; ; 

Extra bike demand: 𝐶$) = 𝐷<5 𝑞$) ; where  𝑞$) = 𝐷 𝐶$) is the demand function, 
𝐷<5 𝑞$) is the inverse function.

Extra bike demand: 𝐶$)= 𝑐$,5 + 𝑝$)



Interior equilibrium
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• With bike service, 

Short: 𝐶#(% 𝑞#(% = 𝐶#$% 𝑞#(% ; 𝐶#$% 𝑞#(% + 𝑞#$% = 𝐶#$ 𝑞#(% + 𝑞#$% ; 𝐶#$ 𝑞#(% + 𝑞#$% + 𝑞#$ = 𝐶#; ; 

Long: 𝐶&(% 𝑞&(% = 𝐶&$% 𝑞&(% ; 𝐶&$% 𝑞&(% + 𝑞&$% = 𝐶&; ; 

short-distance travel long-distance travel



Performance measure

11HKSTS 2022, Zhengfei, Civil Dept. HKUST

Profit of bike operator:  Ω$ = 𝑝$) 𝑞#$ + 𝑞$) + 𝑝$% 𝑞#$% + 𝑞&$% − 𝑘 𝑞$ , 𝑠$

Profit of transit operator:  Ω% = 𝑝#%𝑞#% + 𝑝&%𝑞&% − 𝑘 𝑞#% , 𝑞&% , 𝑓#% , 𝑓&%

Travellers’ surplus: Γ = Γ= + Γ> + Γ$)

Short-distance

Long-distance

Extra bike

Total social welfare: 𝚿 = 𝜴𝒕 + 𝜴𝒃 + 𝜞𝐬 + 𝜞𝐥 + 𝚪𝒃𝒆

Benefit of a trip completion



Performance measure
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Total social cost when bike sharing service is available:



Different operating regimes
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Non-cooperative (NC) game: bike sharing system vs transit system

Nash Bargaining (NB) game: joint benefit against a performance benchmark or status quo

𝑚𝑎𝑥
&!", (!

Ω) 𝑚𝑎𝑥
&#", &$

", *#", *$
"
Ψ

𝑚𝑎𝑥
&!", (!, &#", &$

", *#", *$
"
Θ = Ω) − Ω),+ (Ψ − Ψ+)



Numerical study
Conclusions
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Parameters and settings

HKSTS 2022, Zhengfei, Civil Dept. HKUST
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Numerical results

• T-SO transit operator at its social optimum.
• T-PM transit operator maximizes its profit. 
• T-SO-0 transit operator maximizes the social 

welfare when subject to break-even

HKSTS 2022, Zhengfei, Civil Dept. HKUST

• B-PM bike sharing operator maximizes 
its profit as reacting to T-SO

• NC non-cooperative game,
• NB Nash bargaining

Without bike sharing

With bike sharing
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Frequency-fare contours
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• Financial deficit at T-SO
• Transit pricing T-SO < T-SO-0 < T-PM
• Transit service frequency, T-SO > T-SO-0 > T-PM

Observations
no bike sharing
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Numerical results

HKSTS 2022, Zhengfei, Civil Dept. HKUST

Observations

• Total transit demand increases after introducing 
bike sharing

• Coexist of complementary and substitutive 
effects

• optimal transit fare of short distance trips for NC 
and NB is zero

• 𝑓?% in NC> B-PM, 𝑝$% in NC < B-PM because of 
non-cooperation game

• NC as our status quo, the optimal solution of NB 
seems close to NC

when shared bike service becomes available



Discussion
• Limitation
• Future work



Limitation and future work
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We only tackle the static travel demand under equilibrium condition

If time-varying user choices, evolving traffic status, spatiotemporal distributed OD demand and 
network-wide interactions are taken into consideration, some of our results and observations in 
our paper may not stand. 

In a future study, more efforts can be devoted to a detailed network model, where the model 
could be extend to temporal and spatial dimensions.

HKSTS 2022, Zhengfei, Civil Dept. HKUST
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