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Abstract
A parking sharing platform plays the role of a matchmaker between parking ‘slot
owners/sharers’ and ‘slot renters’ who demand parking. The platform can act as
either a reseller or a commissioner, and can have different economic objectives when
setting prices for owners and renters. This paper is the first to address a platform
operator’s pricing strategy in a two-sided parking sharing market under different
business formats (reselling and commissioning) and different economic objectives
(profit-maximization and social welfare-maximization). The number of parking
slots rented out is assumed to be an increasing function of the number of suppliers
(owners) who offer a slot for rent, and the number of demanders (parkers) who re-
quest a slot. We derive the supply-demand matching equilibrium and the platform’s
two-sided pricing strategies for the alternative business formats and objectives. We
also analytically and numerically examine how the buying and selling prices, and
numbers of participating owners, renters, and transactions vary with parameter val-
ues in each business format. We find that a welfare-maximizing platform earns a
positive profit if the matching function has decreasing returns to scale, and incurs a
deficit if the matching function has increasing returns to scale. If the cost of incon-
venience to slot owners from renting a slot equals their cost of disappointment from
failing to rent it out, then the reselling and commissioning formats can replicate
each other (i.e, they can yield identical platform profit and social welfare). If the
cost of inconvenience is greater then the commissioning format is superior, whereas
if the disappointment is greater the reselling format is preferred.

Keywords: Parking sharing; two-sided market; platform pricing; reselling; com-
missioning.
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1 Introduction1

Parking downtown can be a headache for commuters and businesses, and cruising2

for parking contributes significantly to traffic congestion (Shoup, 2006). Substantial3

efforts have been made to developing both pricing and quantity control strategies4

for parking management. For instance, Arnott and Inci (2006) and Zheng and5

Geroliminis (2016) modeled cruising for parking that is an increasing function of6

the parking occupancy rate, and examined parking pricing strategies to reduce7

cruising time and improve system efficiency. He et al. (2015), Inci and Lindsey8

(2015), Du and Gong (2016), and Liu et al. (2021) examined pricing strategies with9

spatially distributed parking and/or different types of parking. Another branch of10

studies focused on the integrated modeling of parking and departure-time choices,11

and analyzed the effectiveness of time-dependent or location-dependent parking12

pricing as a substitute for road congestion pricing (Zhang et al., 2008; Qian et al.,13

2011, 2012; Liu and Geroliminis, 2016).14

Some other studies have adopted models with rigid parking capacity constraints,15

and examined various control strategies including reservation schemes (Zhang et al.,16

2011; Yang et al., 2013; Liu et al., 2014; Chen et al., 2015), slot allocation mech-17

anisms (Zou et al., 2015), and parking navigation systems (Chen et al., 2019). In18

addition, Geng and Cassandras (2013) proposed a ‘smart parking’ system compris-19

ing a smartphone-based app to help individuals reserve or find both on-street and20

off-street parking slots. Such real-time parking guidance systems are now in ser-21

vice. For example, the SFpark program (http://sfpark.org/) combines parking and22

traffic information, and sets demand-dependent parking fees in order to alleviate23

parking and traffic congestion in sectors of San Francisco. Demand-based pricing24

has been implemented in other cities, too, including Los Angeles, New York, Seattle,25

Washington, D.C., and Calgary.26

This paper concerns shared parking, which is emerging as a new tool to make27

more efficient use of parking space by renting it out when the owners are not using it.28

The market potential for shared parking arises from predictable variations in daily,29

weekly, and seasonal demand for parking space at different locations (e.g., Institute30

for Transportation and Development Policy, 2014; Ma, 2016). Residential parking31

spaces are in high demand in the evenings and on weekends, but often unused on32

weekdays if the owners drive to work. Since demand for parking at workplaces,33

offices, universities, schools, and banks exhibits the opposite pattern, residents who34

live near such businesses and other institutions can rent their parking out to them,35

or directly to individuals such as commuters. Businesses that experience peak36

demands at different times can also share parking spaces. For example, restaurants,37

bars, and cinemas with demands that peak in the evenings can share spaces with38

businesses that have weekday peaks. By making private parking space publicly39
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available for rent, shared parking helps alleviate any shortage of parking spaces40

while also allowing owners to make money. It has the greatest market potential in41

areas with mixed office, commercial, and residential land-use developments, where42

residential parking is located close to work, shopping, and other destinations. Such43

mixed land uses exist in a number of cities. For instance, Lai et al. (2021) identify 9144

large clusters in Guangzhou City with business and residential areas within walking45

distance of each other.46

Shared parking is an example of a two-sided market in which two groups of47

agents interact through an intermediary or platform. Some two-sided markets have48

operated successfully for decades, such as credit card services that connect card-49

holders and affiliated merchants, and operating systems that connect application50

developers and clients. Rochet and Tirole (2003) were the first to identify and an-51

alyze the commonality across these diverse businesses and markets. They noted52

how participation on each side of the market creates positive network externalities,53

and how the volume of transactions depends on the prices set by the platform to54

the two sides. Other early contributions include Caillaud and Jullien (2003) who55

derived the equilibrium properties and allocative efficiency of a particular two-sided56

market. Armstrong (2006) explored different modes of price competition among57

multiple platforms. A substantial body of work on two-side markets now exists. Ro-58

son (2005) provided an early literature review. More recently, Kenney and Zysman59

(2016) offered a general review on the rising platform economy. Nevertheless, park-60

ing demand and supply generally differ from other commodity sharing businesses61

in that they involve spatio-temporal heterogeneity that results in supply-demand62

matching frictions.63

Thanks to the development of mobile apps and online platforms, various forms64

of shared mobility services have grown rapidly: notably the smartphone-based taxi65

e-hailing systems and ride-sourcing platforms such as Uber and Lyft. A number66

of studies investigated the pricing strategies associated with these platforms based67

on the aggregate matching model introduced by Yang and Yang (2011), which cap-68

tures the matching friction between ride demanders (customers) and ride suppliers69

(drivers). For instance, He and Shen (2015) and Wang et al. (2016) modeled the70

taxi markets with e-hailing, and examined the optimal pricing strategies. Zha et al.71

(2016) examined the ride-sourcing market, and modeled the matching between rid-72

ers and drivers with an exogenous matching function. Wang et al. (2018) studied73

the cost-sharing strategies for driver-rider in a carpooling or ridesharing program.74

Shared parking is a recent and still embryonic example of a two-sided market75

in transportation. Shared parking operates by temporarily repurchasing or renting76

private parking slots, and making them available to public users during certain times77

of day. A prominent example is Moby (https://www.mobypark.com), a company78

that operates in The Netherlands, France, Belgium, and other European coun-79
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tries. Its platform accepts parking space offers from companies and individuals,80

and matches them with customers through its website. Owners indicate when a81

space is available, and set the price and minimum duration for renting it out. Moby82

charges a commission of 20 percent plus Value Added Tax (VAT). Similar park-83

ing sharing platforms are operating in Sydney, Melbourne, and Brisbane (OSCAR:84

https://www.sharewithoscar.com.au/) and several Chinese cities (Yan et al., 2020).85

A few studies have analyzed several aspects of shared parking markets. Guo86

et al. (2016) developed a simulation-based decision method to determine the op-87

timal parking repurchase strategy. They adopted a Gaussian mixture model to88

describe the time-varying arrival and departure rates of drivers, and estimated the89

expected repurchase amounts and parking time via simulation optimization. Shao90

et al. (2016) investigated advanced booking and allocation of shared parking slots.91

They proposed a binary integer linear programming model to allocate parking re-92

quests to specific parking slots in order to maximize the parking slot utilization93

or accommodate as many requests as possible given parking space and time con-94

straints. Xu et al. (2016) examined the revenue flow from parking sharing, and95

demonstrated the potential for a sharing system to generate substantial social wel-96

fare gains in large cities. Xiao and Xu (2018) and Xiao et al. (2020) studied a97

double auction mechanism for allocating parking slots that is designed to boost98

participation. Xiao and Xu (2019) extended the model by assuming that suppliers99

and demanders can experience regret from either winning or losing in the auction.100

Yan et al. (2020) find survey evidence that residential parking space owners are loss101

averse with respect to uncertain revenues from sharing their space.102

In another branch of studies, Liu et al. (2022) examined the pricing strategy103

of a parking sharing platform when shared parking and curbside parking are both104

available. Other studies consider the spatial distribution of parking (Zhang et al.,105

2020), the integration of parking sharing and carsharing (Jian et al., 2020), and the106

joint modeling of destination and parking choices (Liu et al., 2021).107

This paper extends the literature by exploring the pricing strategy of a shared108

parking platform subject to matching frictions between parking suppliers and de-109

manders. Two types of business formats are considered in which the shared parking110

platform serves as either a reseller or a commissioner. As a reseller, the platform111

takes full liability for repurchased parking slots. Slot owners receive a guaranteed112

payment, and no longer have access to their parking slots during the contract period113

regardless of how much their slots are utilized. By contrast, if the platform serves as114

a commissioner, the owner has to relinquish usage of the space only if it is actually115

rented. The owner’s revenue depends on the utilization rate and the payment set116

by the platform per unit occupied time.117

For each business format, we derive the parking owners’ and renters’ decisions118

and the supply-demand matching equilibrium. We also analyze how the supply-119
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demand equilibrium varies with parameter values in the two business formats. Some120

studies in the operations management field have examined the reselling and commis-121

sioning business formats for the e-commerce platform (e.g., Abhishek et al., 2016;122

Zhang and Zhang, 2020; Xu et al., 2021). However, the reselling and commissioning123

formats for the parking sharing platform have not yet been studied. The key differ-124

ence from the typical e-commerce platform is the existence of supply and demand125

matching friction. In contrast to Shao et al. (2016) and Xu et al. (2016), we do126

not model the allocation of slots between individual owners and renters. Instead,127

the allocation is determined by supply and demand using the matching function in128

Yang and Yang (2011), mentioned above. As Shao et al. (2016) show, the overall129

time-of-day, one-to-one matching outcomes (where individual requests are allocated130

to specific shared lots under parking space and time constraints) can be accurately131

characterized by this matching function. The matching function allows for tractable132

mathematical model formulation and economic analysis to help generate managerial133

insights.134

This paper also investigates the two-sided pricing strategies of reselling and com-135

missioning platforms with two alternative economic objectives: profit-maximization136

or social welfare-maximization. The optimal buying and selling prices and the as-137

sociated platform profit are derived for each objective and format. We consider two138

costs for parking slot sharers: “inconvenience” and “disappointment”. Sharers incur139

an opportunity cost since they cannot use the slots during the contract period. We140

call this cost “inconvenience”. If owners offer their parking slots, but no one rents141

them, they receive no money and may regret the decision to join the platform. We142

call this regret “disappointment”.143

Disappointment can take two forms. First, an owner who expects to rent out a144

slot may plan accordingly, and may have less use for a slot if they have to adjust145

their plans on short notice. This sort of adjustment cost is analogous to the schedul-146

ing costs identified empirically by Peer et al. (2015), and studied theoretically by147

Verhoef (2020). These two studies address how the costs of planning are higher,148

and the values of time spent at activities are lower, when individuals have little149

time to adapt or reorganize in response to shocks or other unanticipated develop-150

ments. The second form of disappointment is largely psychological in nature, and151

corresponds to frustration, letdown, or disillusionment from not renting a slot. It152

may be appreciable for someone who is participating in a parking sharing program153

for the first time. After gaining experience, the intensity of disappointment may154

fade as individuals become acclimated to the uncertain prospects of renting a slot155

out.156

In summary, we develop a static, aggregate model to elucidate the market equi-157

librium among parkers, parking slot owners, and a parking sharing platform op-158

erator. The model features matching frictions between parkers and owners, and159
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two business formats: reselling and commissioning. The major contributions of160

this paper are as follows. (i) It is the first to develop a two-sided parking sharing161

market equilibrium model that explicitly incorporates matching frictions between162

parkers and parking slot owners. (ii) It is the first to compare two business formats,163

reselling and commissioning, for the parking sharing platform. Conditions under164

which one business format is superior to the other in terms of profit or social wel-165

fare are identified and analyzed. (iii) It examines analytically the optimal pricing166

strategy of the parking sharing platform for the two business formats and two ad-167

ministrative objectives (profit and social welfare maximization). The results yield168

insights into how parking sharing should be operated. (iv) Numerical examples are169

used to illustrate how the market equilibrium depends on parameter values.170

The rest of the paper is organized as follows. Section 2 formulates the demand171

and supply of the two-sided parking sharing market, and introduces the demand172

and supply matching function. Section 3 derives the two-sided pricing strategies of173

a reselling platform for both profit-maximizing and welfare-maximizing objectives.174

Section 4 does the same for a commissioning platform. Section 5 examines how175

equilibrium quantities vary with parameter values, and compares the two business176

formats. Section 6 illustrates the results using numerical examples, and Section 7177

concludes.178

2 Problem setting and formulation179

Following Caillaud and Jullien (2003) and Rochet and Tirole (2003), we consider a180

two-sided market bridged by a single parking sharing platform on which private slot181

owners (hereinafter “owners”) offer spare parking slots to potential users (hereinafter182

“parkers”). Table 1 lists the main variables of the model.183

Table 1: Notational glossary

Symbol Definition

Bd Gross benefit of a parker from renting a space

G Matching function

g Amount of time a shared slot is available

h Parking duration of a parker

k Platform’s operating cost per slot rented per unit time

Na Number of accepted parking requests

No Actual supply of shared parking = Number of owners who offer their
parking slots on the platform

N̂o Potential supply of shared parking = Total number of owners
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Nd Actual demand for shared parking = Number of parkers who request a
slot on the platform

N̂d Potential demand for shared parking = Number of individuals who
want a parking slot

po Price paid per unit time to an owner by the platform (buying price)

pco Buying price of a commissioning platform

pro Buying price of a reselling platform

pd Price charged per unit time to a parker by the platform (selling price)

pcd Selling price of a commissioning platform

prd Selling price of a reselling platform

Ro Disappointment of owner from not renting a slot

Rd Disappointment of parker from not getting a slot

Uo Net utility of an owner

Ûo Reservation utility of an owner (idiosyncratic)

Ud Expected net utility of a parker from requesting a slot

Ûd Reservation utility of a parker (idiosyncratic)

Wo Inconvenience to an owner when a slot is rented

εNo
po Elasticity of number of offered slots w.r.t. buying price

εNo
pd

Elasticity of number of offered slots w.r.t. selling price

ηNa
po Elasticity of number of accepted requests w.r.t. buying price

ηNa
pd

Elasticity of number of accepted requests w.r.t. selling price

θ Utilization rate of shared slots

φ Acceptance rate experienced by parkers

λNd
po Elasticity of parking demand w.r.t. buying price

λNd
pd

Elasticity of parking demand w.r.t. selling price

σNa
No

Elasticity of number of accepted requests w.r.t. number of owners

σNa
Nd

Elasticity of number of accepted requests w.r.t. number of parkers

2.1 Demand side (parkers)184

Consider a mass N̂d of parkers who decide whether to request a shared parking slot185

through the platform, or choose an alternative (e.g., searching for a public parking186

slot, or using another transport mode). A parker who rents a space on the platform187

occupies it for a duration h, pays a price of pd per unit time, and receives a gross188

utility or benefit of Bd. A parker can rent a space only if their request is fulfilled.189
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Let Nd denote the number of parkers who request a space, and Na the number190

whose requests are accepted. The acceptance rate is then φ = Na/Nd, which is also191

the probability that a given parker’s request is granted. A parker whose request192

is rejected incurs a disappointment cost Rd. Similar to owners (as discussed in193

the Introduction), the disappointment for a parker from not getting a parking spot194

can take two forms. The parker may have to quickly adjust their plans by finding195

an alternative parking spot, postponing the trip, or taking another travel mode.196

Disappointment may also be psychological in nature. It is analogous to the regret197

that a demander experiences from losing in the auction as modeled by Xiao and Xu198

(2019). Their model also features regret from paying more than the market-clearing199

price. There is no analogue to this in our model.200

A parker who requests a shared parking slot thus has an expected net utility of201

Ud = (Bd − pdh)φ− (1− φ)Rd, (1)

On the right-hand side (RHS) of Eq. (1), (Bd − pdh) in the first term is a parker’s202

utility if his/her parking request is accepted, which equals the gross benefit minus203

the rental cost; φ is the acceptance probability. In the second term, Rd is the dis-204

appointment cost of an unfulfilled request and (1− φ) is the probability a request205

gets rejected. To maintain analytical tractability, we assume identical parking du-206

ration h, gross benefit Bd, and disappointment cost Rd for all parkers. However,207

parkers’ parking requests may differ by time slot or location, and so may the shared208

parking supply. Thus, there is matching friction between the demand and supply209

in the shared parking market, which is modeled by an aggregate matching function210

in Section 2.4.211

While parkers are assumed to derive the same gross benefit from using shared212

parking, they differ in the utility they derive from using a public slot or taking213

another transport mode. The differences may arise due to differences in spatial214

proximity to other options, values of time, or intrinsic preferences. The utility from215

the alternative, denoted by Ûd, serves as a reservation utility for choosing the shared216

parking option. If parkers are indexed in order of increasing reservation utility, the217

nth parker has a reservation utility of Ûd (n), which is an increasing function of n.218

The number of parkers who request a space, Nd, is determined by the condition219

Ud = Ûd (Nd) with Ud given by Eq. (1).220

2.2 Supply side (owners)221

On the supply side there is a mass N̂o of slot owners, each of whom has a parking222

slot available for a duration of time, g. Each owner decides whether to make a223

slot available for rent through the platform. If the owner offers the slot, and the224

platform succeeds in renting it, the platform pays the owner at a rate of po per unit225
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time. For brevity, the buying price, po, will sometimes be called the fee. The owner226

cannot use the slot while it is rented, and incurs an inconvenience cost of Wo (the227

inconvenience cost may also include the communication/coordination effort to allow228

the parker to use the rented space). Consequently, an owner who rents a slot gains229

a net utility of Uo = pog −Wo. Similar to the specification for parkers, we assume230

that all owners can rent their slot for the same duration, g, and incur the same231

inconvenience cost, Wo. However, the available parking slots may differ in location232

and when they are available, which creates matching friction with demand.233

Owners are assumed to have idiosyncratic reservation utilities, Ûo, for partici-234

pating in the shared parking market.1 If owners are indexed in order of increasing235

reservation utility, then the nth owner has a reservation utility of Ûo (n) which is an236

increasing function of n. The number of owners who participate on the platform237

depends on the business format (reselling or commissioning), which is discussed238

next.239

2.3 Business formats of the platform240

The platform operator can adopt one of two business models or formats: it can act241

as either a reseller (r) or a commissioner/agent (c). The two formats differ in how242

the incomes of owners are determined.243

2.3.1 Reselling format244

As a reseller, the platform takes full responsibility for renting slots. Once an owner245

commits a slot to the platform, the platform pays the owner a guaranteed payment246

pro per unit time regardless of whether the slot gets rented or not. The owner receives247

a net utility of248

U r
o = prog −Wo. (2)

The first term on the RHS of Eq. (2), prog, is the fee paid by the platform to249

the slot owner, which equals the rent per unit time pro multiplied by the renting250

duration g. The second term is the inconvenience cost associated with sharing the251

slot. The number of parkers who rent a space, N r
o , is determined by the condition252

U r
o = Ûo (N

r
o ), where Ûo (·) is the reservation utility function given in Section 2.2.253

2.3.2 Commissioning format254

If the platform serves as a commissioner, owners are paid only if their slots are
rented. Since each owner makes their slot available for a period g, total supply is

1Yan et al. (2020) find that younger parking slot owners and owners with low or medium
salaries are more willing to participate in shared parking programs than their older and higher-
salary counterparts.

8



gNo. The number of parkers who are granted a space is Na, and each occupies a
space for a period h. Total demand is therefore hNa, and the average utilization
rate of slots is:

θ =
hNa

gNo

.

With probability θ, an owner succeeds in renting his slot for the full g hours. He is255

paid at a rate pco, and receives a net utility of pcog−Wo. With probability 1− θ, the256

owner fails to rent his slot. He receives no payment, and incurs a disappointment257

cost of Ro. As noted in the introduction, and similar to the case of parkers who258

fail to secure a spot, disappointment can take two forms: one arising from the259

cost of having to change plans on short notice, and the other psychological. The260

psychological disappointment for an owner is analogous to the regret from losing in261

the auction model proposed by Xiao and Xu (2019). Again, there is no analogue262

here to the regret from winning in their model. The owner’s expected utility U c
o is263

thus264

U c
o = θ (pcog −Wo)− (1− θ)Ro, (3)

On the RHS of Eq. (3), (pcog −Wo) is an owner’ utility if his/her slot is rented and265

θ is the probability of successfully renting out the slot. Ro is the disappointment266

cost associated with failing to rent out a slot, and (1− θ) is the probability a slot267

is not rented out.268

The number of owners who rent a space, N c
o , is determined by the condition269

U c
o = Ûo (N

c
o), which can be written as follows:270

θ (pcog −Wo +Ro) = Ûo +Ro. (4)

Table 2: Summary of reselling and commissioning formats

Business format Owner’s income Owner’s expected utility

Reseller A guaranteed constant U r
o = prog −Wo

Commissioner Probabilistic U c
o = θ (pcog −Wo)− (1− θ)Ro

Table 2 summarizes the features of the reselling and commissioning formats. In271

the reselling case, slot utilization has no direct impact on owners’ incomes although272

the equilibrium value of pro depends on the average utilization rate, θ. In contrast,273

with commissioning an owner is paid only if his individual slot is rented out. With274

either format, owners join the platform if and only if their expected utility exceeds275

their reservation utility.276
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2.4 Matching function277

We now introduce an aggregate supply-demand matching function to specify the278

number of accepted requests. A similar approach has been adopted to model match-279

ing of passengers and drivers in traditional taxi markets (Yang and Yang, 2011),280

taxi e-hailing markets (He and Shen, 2015; Wang et al., 2016) and ride-sourcing281

markets (Zha et al., 2016; Wang et al., 2018). The aggregate matching function re-282

flects the frictions in the parking sharing supply-demand matching, which are due283

to the spatio-temporal heterogeneity in terms of parking availability and parking284

demand. As Shao et al. (2016) show, the overall time-of-day one-to-one matching285

outcomes can be accurately characterized by an aggregate function of demand and286

supply intensity. An aggregate matching function treats individual heterogeneity287

implicitly. It allows for tractable mathematical model formulation and economic288

analysis, and it is conducive to managerial insights. It should be calibrated with289

real-world data to fit local market conditions in a particular area. The number of290

matches or transactions, Na, is specified by the function:291

Na = G (No, Nd) , (5)

where No and Nd denote supply and demand for shared parking, respectively, and292

∂G/∂No > 0 and ∂G/∂Nd > 0. Let σNa
No

and σNa
Nd

denote the elasticities of Na with293

respect to No and Nd, respectively:294

σNa
No

=
∂Na

∂No

No

Na

; σNa
Nd

=
∂Na

∂Nd

Nd

Na

. (6)

Elasticities σNa
No

and σNa
Nd

denote the percentage changes in matches, Na, induced by295

a one-percent change of demand Nd and supply No, respectively. Shao et al. (2016)296

found that these elasticities are positive and less than one. This is consistent with297

the common sense that, under normal demand and supply conditions, an increase298

in either supply or demand alone (with the other held constant) yields a less-than-299

proportional increase in successful matches (Yang and Yang, 2011; Yang et al.,300

2014; Wang et al., 2016, 2018). Thus, it is assumed that 0 < σNa
No

, σNa
Nd

≤ 1. The301

matching function exhibits locally increasing returns to scale if σNa
No

+ σNa
Nd

> 1,302

locally decreasing returns to scale if σNa
No

+ σNa
Nd

< 1, and locally constant returns303

to scale if σNa
No

+ σNa
Nd

= 1. Following the specific parking allocation model in Shao304

et al. (2016), in Section 5.3 we adopt a Cobb-Douglas matching function for which305

the elasticities σNa
No

and σNa
Nd

are constants. In the numerical studies in Section 6,306

we also investigate another specific matching function used in the literature.307

The equilibrium values of the shared parking supply N r
o and N c

o (in the reselling308

and commissioning formats, respectively) and the demand Nd can be written as309
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functions of the buying and selling prices (po, pd):310

N r
o = N r

o (po) , N
c
o = N c

o (po, pd) , Nd = Nd (po, pd) . (7)

Note that N r
o does not depend on pd because owners are guaranteed a fixed income311

of prog in the reselling format. Substituting Eq. (7) into Eq. (5), and rearranging312

terms, the transaction volume Na can be rewritten as a function of the prices:313

Na = Na (po, pd) . (8)

Throughout the paper, it is assumed that the platform operates with positive trans-314

action volume so that Nd ≥ Na > 0, and gNo ≥ hNa > 0. It is also assumed that de-315

mand and supply are both price sensitive so that ∂N c
o/∂pd ≤ 0 (with ∂N r

o/∂pd = 0),316

∂No/∂po ≥ 0, ∂Nd/∂pd ≤ 0, ∂Nd/∂po ≥ 0. Section 5 describes in more detail how317

the equilibrium values of No and Nd change with po and pd.318

2.5 Elasticities319

We now introduce the elasticities of Na, No, and Nd with respect to the buying and320

selling prices. Let ηNa
po and ηNa

pd
denote the elasticities of the number of accepted321

requests with respect to prices po and pd, respectively:322

ηNa
po =

∂Na

∂po

po
Na

; ηNa
pd

=
∂Na

∂pd

pd
Na

. (9)

As the fee po increases, supply No and transactions volume Na increase. As the323

selling price pd increases, demand Nd and transactions volume Na decrease. Thus,324

ηNa
po ≥ 0 and ηNa

pd
≤ 0.325

Let εNo
po and εNo

pd
denote the elasticities of No with respect to po and pd, respec-326

tively:327

εNo
po =

∂No

∂po

po
No

; εNo
pd

=
∂No

∂pd

pd
No

. (10)

For both business formats, εNo
po > 0. For the commissioning format, εNo

pd
< 0,328

whereas for the reselling format, εNo
pd

= 0 (these results are proved in Section 5).329

Let λNd
po and λNd

pd
denote the elasticities of Nd with respect to po and pd, respec-330

tively:331

λNd
po =

∂Nd

∂po

po
Nd

; λNd
pd

=
∂Nd

∂pd

pd
Nd

. (11)

For both business formats, λNd
po > 0, and λNd

pd
< 0. It is straightforward to show that332

the elasticities for the number of accepted requests can be expressed as functions333

of the other three pairs of elasticities:334

11



ηNa
po = σNa

No
εNo
po + σNa

Nd
λNd
po ; ηNa

pd
= σNa

No
εNo
pd

+ σNa
Nd

λNd
pd
. (12)

Based on the definition of the average utilization rate θ = hNa

gNo
and the conditions335

in Eqs. (5) and (7) (i.e., Na = G (No, Nd) and N c
o = N c

o (po, pd)), the average336

utilization rate can be rewritten as a function of the prices: θ = θ (po, pd). The337

partial derivatives of θ with respect to the prices are:338

∂θ

∂po
=
(
ηNa
po − εNo

po

) θ

po
;

∂θ

∂pd
=
(
ηNa
pd

− εNo
pd

) θ

pd
. (13)

Since ηNa
po ≥ 0 and εNo

po > 0, the sign of ηNa
po − εNo

po is a priori indeterminate. Hence,339

the utilization rate can either increase or decrease with respect to po. Similarly,340

given ηNa
pd

≤ 0 and εNo
pd

≤ 0, the sign of ηNa
pd

− εNo
pd

is also a priori indeterminate. The341

utilization rate can either increase or decrease with respect to pd.342

3 The two-sided pricing strategy for a reselling plat-343

form344

This section analyzes the two-sided pricing strategy of a reselling platform operator345

that maximizes either profit or social welfare. To economize on notation, superscript346

‘r’ is omitted except when reporting the main results.347

3.1 Profit maximization (reselling format)348

In the profit maximization regime, the platform operator sets the fee po and the349

buying price pd to maximize platform profit. This problem can be formulated as:350

max
po≥0,pd≥0

Π = pdhNa − pogNo − khNa. (14)

The first term on the RHS of Eq. (14) is the revenue collected from parkers. As351

defined earlier, h is the parking duration, pd is the selling price per unit time, and352

Na is the number of accepted requests. The second term is payment to owners,353

where g is the slot time provided by an owner, po is the fee per unit time, and No354

is the number of owners who make their slot available. The third term denotes355

the platform operating cost associated with the transactions, where k is the unit356

operating cost (marginal cost) incurred per slot per unit time. The operating cost357

is assumed to be proportional to parking duration.2 We ignore any overall fixed358

2The care and associated labor allocated to a parker is related to the parking duration. For
example, there might be some agreements/contracts between the platform operator and the local
parking manager (e.g., property management companies in China). The local parking manager
will check the parked cars regularly (often for safety reasons in China) and the cost or fee for this
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operating cost for the platform since it does not affect results of interest.359

Note that the profit function in Eq. (14) is not necessarily concave, and the360

optimal solution might be non-unique. It is assumed that a single interior solu-361

tion obtains, and the necessary first-order optimality conditions are used to de-362

rive analytical results. The first-order conditions (FOCs) for profit maximization,363

∂Π/∂po = 0 and ∂Π/∂pd = 0, can be written as follows364

(pd − k)hNaη
Na
po = pogNo

(
1 + εNo

po

)
, (15)

365

− (pd − k)hNaη
Na
pd

= pdhNa. (16)

Rearranging Eq. (16) yields366

pPM
d − k

pPM
d

= − 1

ηNa
pd

, (17)

where superscript ‘PM’ denotes profit maximization. The left-hand side of Eq. (17)367

is the Lerner index which measures the platform’s market power. When the selling368

price is chosen to maximize profit, the Lerner index is equal to the negative inverse369

of the price elasticity of demand facing the platform, as per the well-known inverse370

elasticity rule. Since 0 ≤
(
pPM
d − k

)
/pPM

d ≤ 1, it follows that ηNa
pd

≤ −1, i.e., the371

platform operates on the elastic portion of the demand curve.372

The FOC in Eq. (15) can be written as373

ηNa
po

1 + εNo
po

=
pogNo

(pd − k)hNa

. (18)

If the profit is positive, the RHS of Eq. (18) is less than one so that the LHS must374

be less than one, too. Hence, ηNa
po < 1 + εNo

po . Elasticity ηNa
po is the proportional rate375

at which transactions volume, Na, increases with the fee, po. The term 1 + εNo
po is376

the proportional rate at which payments to owners increase with po. To maximize377

profit, the growth rate in transactions volume must be less than the growth rate in378

payments. Otherwise, the platform could increase profit by raising po.379

Based on the FOCs in Eqs. (15) and (16), we can obtain the following proposition380

regarding the optimal prices and profit.381

Proposition 1. When the parking platform serves as a profit-maximizing reseller,382

and k > 0, the optimal prices are383

pPM,r
o = −

ηNa
po(

1 + ηNa
pd

) (
1 + εNo

po

) hNa

gNo

k, (19)

service is often duration-dependent. It may also be necessary to move a car to another slot if the
time available at the initial slot runs out.

13



pPM,r
d =

ηNa
pd

1 + ηNa
pd

k. (20)

Platform profit is384

ΠPM,r =
ηNa
po − 1− εNo

po(
1 + ηNa

pd

) (
1 + εNo

po

)hNak. (21)

Proof. Eqs. (19) and (20) are derived by simultaneously solving Eqs. (15) and (16),385

and Eq. (21) is derived by substituting Eqs. (19) and (20) into Eq. (14).386

If k = 0, ηNa
pd

= −1, and variations of Eqs. (19)-(21) apply. Prices and profit are387

continuous functions of k even in the limit as k → 0. As noted above, the profit is388

positive if ηNa
po < 1 + εNo

po . Using Eq. (19) and Eq. (20), the fee can be written as a389

fraction of the selling price:390

pPM
o

pPM
d

=

(
− 1

ηNa
pd

)(
ηNa
po

1 + εNo
po

)(
hNa

gNo

)
. (22)

The RHS of Eq. (22) is the product of three terms, enclosed in brackets, each of391

which is less than one. The first term is less than one because ηNa
pd

< −1 when392

k > 0, as per Eq. (17). (If k = 0, Eq. (22) still holds with ηNa
pd

= −1.) The second393

term is less than one if the profit is positive, and it is smaller the larger is the profit.394

The third term is the average utilization rate of slots, θ. The lower the utilization395

rate, the less profitable an additional owner is, ceteris paribus, and hence the less396

the platform operator is willing to pay owners.397

3.2 Social welfare maximization (reselling format)398

We now assume that the platform operator seeks to maximize social welfare with-399

out any profit constraint. To derive the solution, it is necessary to account for the400

reservation utilities of owners and parkers, and the cost of disappointment to park-401

ers, Rd. (The cost of rejection to owners, Ro, matters only for the commissioning402

format.) A parker who joins the platform gets an expected utility given in Eq. (1).403

A parker who does not join receives their idiosyncratic reservation utility, Ûd. An404

owner who joins the platform gets an expected utility given in Eq. (2). An owner405

who does not join receives their idiosyncratic reservation utility, Ûo. The profit is406

given by Eq. (14). Multiplying each component term by the number of individu-407

als in question, adding the products, and cancelling revenues which are transfers408

between owners/parkers and the platform operator, gives expected social welfare:409

SW = (Bd +Rd − kh)Na −RdNd −WoNo +

∫ N̂d

Nd

Ûd (x) dx+

∫ N̂o

No

Ûo (y) dy. (23)
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The number of parkers who request a space, Nd, is determined by the condition410

that the marginal parker is indifferent about joining the platform. Given Eq. (1),411

the condition is412

(Bd +Rd − pdh)
Na

Nd

−Rd = Ûd (Nd) . (24)

The number of owners who offer a space, No, is determined by the same condition413

as in Section 2.3 that the marginal owner is indifferent about joining the platform:414

prog −Wo = Ûo (No) . (25)

The planner’s problem is to maximize SW in Eq. (23) subject to Eqs. (24)415

and (25) and the matching function defined in Eq. (8). The necessary optimality416

conditions (for an interior optimum) are417

∂SW

∂po
= (Bd +Rd − kh)

∂Na

∂po
− (Bd +Rd − pdh)

Na

Nd

∂Nd

∂po
− pog

∂No

∂po
= 0, (26)

418
∂SW

∂pd
= (Bd +Rd − kh)

∂Na

∂pd
− (Bd +Rd − pdh)

Na

Nd

∂Nd

∂pd
− pog

∂No

∂pd
= 0. (27)

Given Eq. (8),419

∂Na

∂po
=

∂Na

∂Nd

∂Nd

∂po
+

∂Na

∂No

∂No

∂po
, (28)

420
∂Na

∂pd
=

∂Na

∂Nd

∂Nd

∂pd
+

∂Na

∂No

∂No

∂pd
. (29)

For the reselling format, ∂No/∂pd = 0. The second term on the RHS of Eq. (29) is421

thus zero. Based on the optimality conditions, we obtain the following proposition.422

Proposition 2. When the parking platform serves as a social-welfare-maximizing423

reseller, the optimal prices are424

pFB,r
d = σNa

Nd
k +

(
1− σNa

Nd

) Bd +Rd

h
, (30)

425

pFB,r
o =

1

g
(Bd +Rd − kh)

∂Na

∂No

, (31)

where FB denotes the first-best optimum.426

Proof. Substituting Eq. (29) into Eq. (27), and using the elasticity σNa
Nd

of the match-427

ing function, yields Eq. (30). Eq. (31) is derived by substituting Eq. (28) into428

Eq. (26), and replacing pd by Eq. (30).429

In Proposition 2, Eq. (30) prescribes that the optimal selling price is a weighted430

average of the marginal operating cost, k, and the expression (Bd +Rd) /h. To431

understand Eq. (30), suppose, contrary to what has been assumed, that σNa
Nd

= 1.432
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Adding a parker to the platform then does not affect the probability, φ, that other433

parkers secure a slot. The additional parker imposes no externality on other parkers.434

The only cost to the system is the transactions cost that is incurred only if the parker435

obtains a space. Hence, pFB,r
d = k. Now suppose that σNa

Nd
= 0. Adding a parker436

to the platform has no effect on how many in total get a slot. In effect, the new437

parker displaces one of the others with probability φ. This denies the other parker438

the benefit from renting a space, Bd, and also imposes on them a disappointment439

cost of Rd. Consequently, pFB
d = (Bd +Rd) /h. The selling price is scaled down by440

h because the price is paid over this period. The selling price does not depend on441

the operating cost because the number of spots that are rented does not change.442

Eq. (31) indicates that the optimal fee is proportional to the rate of increase443

in the number of parkers who can rent a spot, ∂Na/∂No. If a new parker does444

get a spot, he receives the benefit, Bd, and avoids the cost of disappointment,445

Rd. A transactions cost of k is incurred per unit of time. The net benefit is thus446

Bd +Rd − kh. The fee is scaled down by g because it is paid over this period.447

Regarding the platform profit under first-best pricing, we have the following448

proposition.449

Proposition 3. When the parking platform serves as a social-welfare-maximizing450

reseller, the platform profit is451

Π
(
pFB,r
o , pFB,r

d

)
=

(
1− ∂Na

∂No

No

Na

− ∂Na

∂Nd

Nd

Na

)
(Bd +Rd − kh)Na

=
(
1− σNa

No
− σNa

Nd

)
(Bd +Rd − kh)Na,

(32)

where Π
(
pFB,r
o , pFB,r

d

)
> 0 if σNa

No
+σNa

Nd
< 1; Π

(
pFB,r
o , pFB,r

d

)
< 0 if σNa

No
+σNa

Nd
> 1;452

and Π
(
pFB,r
o , pFB,r

d

)
= 0 if σNa

No
+ σNa

Nd
= 1.453

Proof. Eq. (32) is derived by substituting Eqs. (30) and (31) into Eq. (14).454

Proposition 3 indicates that the platform earns a positive profit if the matching455

function has decreasing returns to scale (i.e., σNa
No

+σNa
Nd

< 1), a negative profit under456

increasing returns to scale (i.e., σNa
No

+ σNa
Nd

> 1), and zero profit under constant457

returns to scale (i.e., σNa
No

+ σNa
Nd

= 1).458

4 The two-sided pricing strategy for a commission-459

ing platform460

Section 3 derived the pricing strategy of a platform that resells private parking461

slots and provides owners with a guaranteed payment. This section undertakes a462

parallel treatment of the commissioning format in which owners are paid only if463
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their individual slots are rented. For each accepted request, the platform operator464

charges a commission equal to the difference between the selling price and the buying465

price. To economize on notation, superscript ‘c’ denoting the commission format is466

omitted except when reporting the main results.467

4.1 Profit maximization (commissioning format)468

The profit-maximizing platform operator’s problem can be formulated as:469

max
po≥0,pd≥0

Π = pdhNa − pogθNo − khNa. (33)

The first term in Eq. (33) is the revenue collected from parkers whose requests are470

fulfilled. The second term is payment to owners which depends on the utilization471

rate of the slots, θ. The third term is the platform’s cost of processing accepted472

requests. Except for the factor θ in the second term, Eq. (33) is the same as Eq. (14)473

for the reselling format.474

Given θ = hNa/(gNo), Eq. (33) can be rewritten as:475

max
po≥0,pd≥0

Π = (pd − po − k)hNa. (34)

The first-order necessary conditions for profit maximization can be written as476

po = ηNa
po (pd − po − k) , (35)

477

pd = −ηNa
pd

(pd − po − k) . (36)

Based on the optimality conditions, we obtain the following proposition.478

Proposition 4. When the parking platform serves as a profit-maximizing commis-479

sioner, and k > 0, the optimal prices are480

pPM,c
o = −

ηNa
po

1 + ηNa
po + ηNa

pd

k, (37)

481

pPM,c
d =

ηNa
pd

1 + ηNa
po + ηNa

pd

k. (38)

Platform profit is482

ΠPM,c = − khNa

1 + ηNa
po + ηNa

pd

. (39)

Proof. Eqs. (37) and (38) are derived by solving Eqs. (35) and (36) simultaneously.483

Eq. (39) is derived by substituting Eqs. (37) and (38) into Eq. (33).484
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Rearranging Eq. (36) yields a counterpart to Eq. (17) for the reselling format:485

pPM
d − pPM

o − k

pPM
d

= − 1

ηNa
pd

. (40)

The Lerner index is calculated using the combined cost of selling a slot, pPM
o + k.

Eq. (37) and Eq. (38) yield a counterpart to Eq. (22) for the reselling format:

pPM
o

pPM
d

= −
ηNa
po

ηNa
pd

.

As a fraction of the selling price, the fee is larger the more elastic are transactions486

with respect to the fee and the less elastic they are with respect to the selling price.487

4.2 Social welfare maximization (commissioning format)488

The welfare function for a commissioning platform differs from the reselling platform489

in two respects. First, an owner who joins the platform receives an expected utility490

given in Eq. (3) instead of Eq. (2). An owner whose slot is not rented out incurs491

a disappointment cost. Second, the platform profit is given in Eq. (33) instead492

of Eq. (14). Payments to owners depend on the utilization rate of slots. After493

cancelling terms, the welfare function is:494

SW =

(
Bd +Rd − kh+

h

g
(Ro −Wo)

)
Na−RdNd−RoNo+

∫ N̂d

Nd

Ûd (x) dx+

∫ N̂o

No

Ûo (y) dy.

(41)
The number of parkers is still determined by the condition in Eq. (24):495

(Bd +Rd − pdh)
Na

Nd

−Rd = Ûd (Nd) . (42)

The number of owners is determined by the condition496

θ (pcog +Ro −Wo)−Ro = Ûo (No) . (43)

The planner’s problem is to maximize SW in Eq. (41) subject to Eq. (42),497

Eq. (43) and the matching function. Using Eq. (28) and Eq. (29), the first-order498

necessary conditions can be written as499
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∂SW

∂po
=

((
Bd +Rd − kh+

h

g
(Ro −Wo)

)
∂Na

∂Nd

− (Bd +Rd − pdh)
Na

Nd

)
∂Nd

∂po

+

((
Bd +Rd − kh+

h

g
(Ro −Wo)

)
∂Na

∂No

− θ (Ro −Wo + pog)

)
∂No

∂po
= 0

,

(44)
500

∂SW

∂pd
=

((
Bd +Rd − kh+

h

g
(Ro −Wo)

)
∂Na

∂Nd

− (Bd +Rd − pdh)
Na

Nd

)
∂Nd

∂pd

+

((
Bd +Rd − kh+

h

g
(Ro −Wo)

)
∂Na

∂No

− θ (Ro −Wo + pog)

)
∂No

∂pd
= 0

.

(45)

Based on the optimality conditions, we obtain the following proposition.501

Proposition 5. When the parking platform serves as a social-welfare-maximizing502

commissioner, the optimal prices are503

pFB,c
o = σNa

No

(
Bd +Rd

h
− k

)
+
(
1− σNa

No

)Wo −Ro

g
, (46)

504

pFB,c
d = σNa

Nd
k +

(
1− σNa

Nd

) Bd +Rd

h
+ σNa

Nd

Wo −Ro

g
. (47)

Proof. Eqs. (46) and (47) are derived by simultaneously solving Eqs. (44) and (45),505

which are linear equations with respect to po and pd.506

In Proposition 5, the parking price governed by Eq. (47) matches Eq. (30) for507

the reselling format except for addition of the last term on the RHS. Unlike for the508

reselling format, with commissioning the choice of pd affects the supply of owners.509

Given σNa
Nd

> 0, an increase in the number of parkers raises the number of trans-510

actions and hence the number of owners who succeed in renting their slots. An511

owner forgoes the benefit, Wo, from using a slot for other purposes, but avoids the512

disappointment, Ro, from failing to rent it. The net cost, Wo − Ro, appears in the513

last term of Eq. (47) so that parkers face the full cost they create if they decide to514

participate in the platform.515

To compare Eq. (46) with Eq. (31) for the socially optimal fee in the reselling516

format, we rewrite Eq. (31) as follows:517

pFB,r
o = σNa

No

(
Bd +Rd

h
− k

)
θ. (48)

Eq. (46) differs from Eq. (48) in two ways. First, it is inflated by a factor 1/θ > 1518

to offset the lower probability with the commissioning format that an owner can519
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rent their slot. Second, it includes the term
(
1− σNa

No

)
(Wo −Ro)/g. The reasoning520

for this component is similar to that for the third term in Eq. (47) as well as the521

term
(
1− σNa

Nd

)
(Bd +Rd)/h in Eq. (30) for pFB,r

d . If σNa
No

< 1, an additional owner522

reduces the probability that other owners can rent their slots. This saves them the523

opportunity cost of renting their slots, Wo, but imposes on them a disappointment524

cost of Ro.525

Regarding the platform profit under social welfare maximization, we have the526

following proposition.527

Proposition 6. When the parking platform serves as a social-welfare-maximizing528

commissioner, the platform profit is529

Π
(
pFB,c
o , pFB,c

d

)
=
(
1− σNa

No
− σNa

Nd

)(
Bd +Rd − kh− h

g
(Wo −Ro)

)
Na, (49)

where Π
(
pFB,c
o , pFB,c

d

)
> 0 if σNa

No
+σNa

Nd
< 1; Π

(
pFB,c
o , pFB,c

d

)
< 0 if σNa

No
+σNa

Nd
> 1;530

and Π
(
pFB,c
o , pFB,c

d

)
= 0 if σNa

No
+ σNa

Nd
= 1.531

Proof. Eq. (49) is derived by substituting Eqs. (46) and (47) into Eq. (34).532

Proposition 6 indicates that, similar to the reselling format, the platform earns533

a positive profit if the matching function has decreasing returns to scale (i.e., σNa
No

+534

σNa
Nd

< 1), a negative profit under increasing returns to scale, and zero profit under535

constant returns to scale. Compared to platform profit in the commissioning format536

given by Eq. (32), the profit in Eq. (49) includes the additional term −h
g
(Wo −Ro).537

This term reflects the opportunity cost and disappointment that owners incur in538

the commissioning format.539

5 Supply-demand equilibrium: comparative statics540

In this section we examine how parameter values affect the supply-demand equilib-541

rium in the reselling and commissioning formats. Each format has three endogenous542

quantities, No, Nd, and Na, and two endogenous prices, po, and pd. Deriving compar-543

ative statics results for all five variables is analytically intractable. So, we proceed544

in two steps. In the first step (Section 5.1), we treat prices po and pd parametrically545

and derive comparative statics results for No, Nd, and Na with respect to the two546

prices as well as other parameter values. This step can be viewed as applying in547

the short run when either prices are slow to adjust to market conditions, or prices548

are regulated for some reason. The comparative static results apply regardless of549

how prices are set, and not only to the profit-maximizing and welfare-maximizing550

regimes.551
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In the second step (Section 5.2), we revert to the ‘long run’ in which all five552

variables are endogenous. We assume that the matching function has a Cobb-553

Douglas form, and derive comparative statics results analytically (using symbolic554

software). The resulting expressions are extremely long, and cannot be signed555

analytically. So we solve the functions numerically for a range of parameter values,556

and compare the signs with those derived in step one. To economize on space, we557

perform this second step only for the profit-maximization regime.558

5.1 Comparative statics with fixed prices559

Comparative statics are derived for each format by differentiating the equilibrium560

conditions.561

Reselling format: As discussed in Section 2, equilibrium in the reselling format
is governed by Eqs. (24), (25) and (5), which are repeated here:

(Bd +Rd − pdh)Na =
(
Ûd (Nd) +Rd

)
Nd, (50a)

pog −Wo = Ûo (No) , (50b)

Na = G (No, Nd) . (50c)

Recall that Eq. (50a) is the participation condition for the marginal parker, Eq. (50b)562

is the participation condition for the marginal owner, and Eq. (50c) is the matching563

function.564

Commissioning format: Equilibrium in the commissioning format is governed
by the following conditions

(Bd +Rd − pdh)Na =
(
Ûd (Nd) +Rd

)
Nd, (51a)

hNa (pog +Ro −Wo) = gNo

(
Ûo (No) +Ro

)
, (51b)

Na = G (No, Nd) . (51c)

Eqs. (51a) and (51c) are identical to their counterparts in Eq. (50). The only565

difference is Eq. (51b), which accounts for the possibility that owners fail to rent566

their spots and incur a disappointment cost.567

Based on the equilibrium conditions, the derivatives of Nd, No, and Na with568

respect to Wo, Bd, g, h, k, Ro, Rd, po, and pd are derived and the signs are reported569

in Table 3. Detailed derivations are relegated to Appendix A and Appendix B.570

Effect of Wo. A higher inconvenience to owners from renting a slot reduces the571

equilibrium numbers of owners, parkers, and matches on the platform in both for-572

mats. These effects are intuitively obvious.573

Effect of Bd. An increase in utility from renting a slot induces more parkers to use574
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Table 3: Comparative statics with fixed
prices (‘+’: positive; ‘0’: zero; ‘−’: neg-
ative; ‘•’: sign indeterminate)

Format Reselling Commissioning
No Nd Na No Nd Na

Wo − − − − − -
Bd 0 + + + + +

g + + + • • •
h 0 − − • • •
k 0 0 0 0 0 0

Ro 0 0 0 − − −
Rd 0 − − − − −
po + + + + + +

pd 0 − − − − −

the platform and secures more matches in both formats. It has no effect on owners575

in the reselling format because their income is guaranteed. However, because there576

are more parkers the number of matches still grows.577

Effect of g. In the reselling format, an increase in the amount of time that a slot578

is available increases all three quantities. With po fixed, the increase in duration579

raises the income that owners can earn. This attracts more owners, which raises580

the matching rate for parkers and encourages more of them to join the platform.581

Differently, in the commissioning format, the effects of g cannot be signed as it582

marginally reduces the utilization rate on the one hand (discourages owners) and583

increases the payment to owners on the other hand (attracts owners).584

Effect of h. In the reselling format, an increase in the duration of parking time585

demanded does not affect owners because their incomes are guaranteed. However,586

it reduces the number of parkers who wish to participate because the cost of renting587

space for a longer stay rises, while both the benefit they derive from parking, Bd,588

and the rental cost per hour, pd, are held fixed. Similar to the effect of g, the effect589

of h with the commissioning format is a priori ambiguous.590

Effect of k. In both formats, the platform’s operating cost has no effect on equilib-591

rium since it does not affect owners or parkers directly, and prices are held constant.592

Effect of Ro. In the reselling format, the cost of disappointment for owners has no593

effect on equilibrium because owners face no risk. In the commissioning format, an594

increase in the disappointment cost of owners discourages owners and thus reduces595

the overall number of matches and parkers.596

Effect of Rd. With both formats, an increase in the disappointment cost of parkers597
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discourages parkers, and hence the number of matches drops. It also reduces the598

number of owners in the commissioning format. However, in the reselling format,599

it has no effect on owners because their income is guaranteed.600

Effect of po. In both formats, an increase in the fee attracts more owners to601

participate. The matching rate rises, which encourages more parkers to participate602

as well.603

Effect of pd. In both formats, parking demand and the number of matches falls604

when the price of renting increases. It has no effect on owners in the reselling605

format because their income is guaranteed, but reduces the number of owners in606

the commissioning format.607

In summary, many comparative statics effects are the same in both formats.608

Two differences are worth noting. First, in the reselling format the number of609

owners is not affected by many parameters because owners’ incomes are guaranteed.610

Second, the effects of the two parking durations, g and h, are a priori ambiguous in611

the commissioning format. Unlike in the reselling format, both parameters affect612

the participation condition for owners in Eq. (51b). So does the disappointment613

cost, Ro, and, as explained below in Section 5.3, the size of Ro relative to the614

inconvenience of renting a slot, Wo, determines the efficiency of the commissioning615

format.616

5.2 Comparative statics with endogenous prices617

We now turn to the long run in which po and pd are endogenous (i.e., they will618

be optimized for either profit maximization or social welfare maximization). As619

mentioned, the long-run effects cannot be signed analytically as they involve both620

the equilibrium conditions and optimality conditions in relation to po and pd. Thus,621

we solve the effects numerically for a range of parameter variables and compare622

them with the short-run effects (Table 3). To economize on space, we only analyze623

the profit-maximization regime.624

We first introduce the functional forms and parameter values that are used as625

the base case in the numerical studies in Section 6. We assume that the matching626

function has a Cobb-Douglas form: Na = A(Nd)
σNa
Nd (No)

σNa
No , where parameter A627

(A > 0) depends on the size and characteristics of the market, and σNa
Nd

and σNa
No

are628

the (constant) elasticities, as defined in Eq. (6). According to the shared parking629

supply-demand matching algorithm developed in Shao et al. (2016), the best-fitting630

Cobb-Douglas matching function given parking durations g = 7 and h = 3 is:631

Na = 0.9(Nd)
0.46(No)

0.62, (52)

with a goodness of fit of R2 = 0.9772. We thus set A = 0.9, σNa
Nd

= 0.46 and632
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σNa
No

= 0.62. Since σNa
Nd

+ σNa
No

> 1, the function exhibits increasing returns to scale.633

It should be noted that the Cobb-Douglas function adopted only provides a local634

approximation to the “true” matching function. Clearly, Eq. (52) is not applicable635

if the result is Na > Nd or hNa > gNo. In the numerical studies, we will compare636

the results with an alternative matching function.637

Other base-case parameter values are listed in Table 4. The average parking638

duration h and average renting duration g are set according to Shao et al. (2016).639

Other parameters are chosen so that the solution is comparable with real-world640

data (e.g., the parking price pd resembles the hourly public parking prices obtained641

from the Transport Department of Hong Kong).642

Table 4: Base-case parameter values

Wo Bd g h k Ro Rd N̂o Ûo(n) N̂d Ûd(n)

35 60 7 3 1/3 15 15 500 25+0.15n 1000 0.025n

We present the comparative statics results for the profit maximization regime643

in Table 5. To ease comparison, the short-run effect is listed to the right in each644

column wherever the sign differs from the counterpart in Table 3. As shown in645

Table 5, in the reselling format, nine of the 21 signs for No, Nd, and Na differ646

from the short run when prices are fixed. In the commissioning format, no less647

than twelve of the 21 signs for the quantities differ from the short run with prices648

fixed. In four cases, the signs of the derivatives depend on parameter values and649

are denoted by ‘−/+’ or ‘+/−’. For example, the sign of derivative ∂Na/∂Rd is650

negative when evaluated at the base-case parameter values, but can be positive651

with other values. Several effects that are zero in the short run become positive or652

negative in the long run when the platform operator adjusts prices. Explanations653

follow, with a focus mainly on the effects on prices and differences compared with654

the short-run effects.655

Table 5: Comparative statics for profit maximization in two formats with endogenous prices
(‘+’: positive; ‘0’: zero; ‘−’: negative; ‘•’: sign indeterminate)

Format Reselling Commissioning
No Nd Na po pd No Nd Na po pd

Wo − − − + − − − − + +

Bd + 0 + + + + + + + + +

g 0 + 0 + 0 + − 0 + • + • + • − −
h − 0 − − − − − • − • − • − −
k − 0 − 0 − 0 − + − 0 − 0 − 0 − +

Ro 0 0 0 0 0 − +/− − − −/+ −
Rd + 0 − −/+ + + + − − −/+ − + +
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Effect of Wo. In both formats, a higher inconvenience to owners from renting a slot656

induces the operator to support the market by raising the fee paid to owners and657

reducing the price paid by parkers. Nevertheless, as in the short run the equilibrium658

numbers of owners, parkers, and matches still fall.659

Effect of Bd. In both formats, an increase in utility for parkers from renting a slot660

induces the operator to raise the price for parkers. The operator also raises the fee661

paid to owners to accommodate the greater demand. In the new equilibrium, all662

quantities increase.663

Effect of g. In the reselling format, if owners make their slots available for a longer664

time, the operator reduces po, and unlike in the short run none of the quantities665

change. To see why, note that parameter g does not affect the operator’s profit666

directly and it only appears as pog in equilibrium condition Eq. (50b) governing667

participation by owners. The operator can attract the same number of owners by668

varying po inversely with g to maintain owner’s income, pog. In the commissioning669

format, the operator reduces both prices if g increases. This differs from the reselling670

format in which pd does not change. All quantities also increase, unlike in the short671

run where the effects are ambiguous.672

Effect of h. If parkers require more time to park with no corresponding increase673

in the benefit, willingness to pay for parking per hour falls in both formats. The674

operator accommodates the drop by reducing pd. It also reduces po because less675

parking space is needed. Unlike in the short run, all quantities decrease.676

Effect of k. An increase in the transactions cost makes the platform less profitable677

in both formats. The operator protects its profit margin by increasing pd and678

reducing po; the opposite to how it responds to an increase in Wo. All quantities679

fall.680

Effect of Ro. In the reselling format, the cost of disappointment for owners has no681

effect on equilibrium because owners face no risk, similar to the short run. In the682

commissioning format, an increase in Ro gives the operator a stronger incentive to683

increase the probability that space will be rented out. It does so by reducing pd to684

boost demand and may also reduce po to decrease supply. Supply duly drops, while685

demand may rise unlike in the short run.686

Effect of Rd. If the cost of disappointment for parkers increases, in both formats687

the operator has a stronger incentive to increase the probability that space will be688

available. It does so by raising both po and pd. Unlike in the short run, the number689

of parkers falls and the number of participating owners rises.690

In summary, many of the comparative statics effects in both the reselling and691

commissioning formats change sign in the long run when prices adjust (in order to692

achieve profit maximization). This highlights the importance of considering how693

the platform operator will respond if supply or demand conditions change.694
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5.3 Platform profit and social welfare695

We now compare profits and welfare in the reselling and commissioning formats.696

The rankings turn out to depend on the relative size of two cost parameters for697

owners: the cost of inconvenience, Wo, and the cost of disappointment, Ro. The698

main results for both the profit-maximization and welfare-maximization regimes are699

summarized in three propositions.700

Proposition 7. Assume that owners experience the same disutility from inconve-701

nience and disappointment (i.e., Wo = Ro). Then the platform operator can: (a)702

replicate any commissioning policy by choosing a suitable reselling policy, and (b)703

replicate any reselling policy by choosing a suitable commissioning policy.704

Proof. See Appendix C.705

According to Proposition 7, if Wo = Ro, the reselling and commissioning formats706

are equally effective in maximizing either profit or welfare. If prices in each format707

are set optimally, the platform hosts the same numbers of owners and parkers, and708

supports the same number of matches. To understand this result, note that the709

equilibrium conditions for the reselling and commissioning formats differ only in710

the conditions for owners, Eqs. (50b) and Eq. (51b), respectively. If Wo = Ro,711

condition Eq. (51b) simplifies to θpog−Wo = Ûo (No). Except for the factor θ, this712

is the same as Eq. (50b). Setting the price for owners equal to θpo in the reselling713

format is therefore equivalent to setting a price of po in the commissioning format.714

Propositions 8 and 9 establish a ranking for the two formats when Wo ̸= Ro.715

Proposition 8. Assume that owners incur greater cost from inconvenience than716

disappointment (i.e., Wo > Ro). Then a profit-maximizing platform operator can717

earn a higher profit, and a social-welfare-maximizing operator can generate a higher718

surplus, with the commissioning format than the reselling format.719

Proof. See Appendix D.720

Proposition 9. Assume that owners incur greater cost from disappointment than721

inconvenience (i.e., Wo < Ro). Then a profit-maximizing platform operator can722

earn a higher profit, and a social-welfare-maximizing operator can generate a higher723

surplus, with the reselling format than the commissioning format.724

Proof. The proof of Proposition 9 is similar to that of Proposition 8, and is thus725

omitted.726
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According to Propositions 7-9, the commissioning format is superior to the re-727

selling format if Wo > Ro, and the reselling format is superior if Wo < Ro. The728

relative size of Wo and Ro depends on an owner’s characteristics and circumstances.729

Parameter Wo depends mainly on the opportunity cost of not having a parking730

space available while it is being rented. It may be small for a person who lives731

alone, drives to work, and rarely needs to use the parking space while at work. The732

cost may be significant for a multi-person household with only one parking spot,733

and members who stay at home. It may also be substantial for a business that expe-734

riences substantial and unpredictable fluctuations in demand such that all parking735

spaces sometimes fill up. The disappointment cost Ro can have both a planning and736

psychological element. The planning cost may be high if the owner cannot adapt by737

quickly finding an alternative use of the parking space. The psychological cost may738

be appreciable for someone who is participating in a parking sharing program for739

the first time. After gaining experience, the intensity of disappointment may fade740

as individuals become acclimated to the uncertain prospects of renting a slot out.741

This is consistent with the theory of reference-dependent preferences, “gain–loss”742

utility, and empirical studies of experience and acclimatization (see, for example,743

List (2003) and Kőszegi and Rabin (2006)).744

On balance, it seems plausible that Wo > Ro. If so, the commissioning for-745

mat dominates the reselling format regardless of the platform operator’s objectives.746

The advantage of the commissioning format derives from the assumption that the747

owner of a parking space can use it unless it is actually rented. By contrast, with748

the reselling format the owner can no longer access it when it is offered for rent749

regardless of whether a renter is found. As noted in the introduction, Moby uses a750

commissioning format although individual owners are free to set their own fees.751

6 Numerical analysis752

This section explores numerical examples to illustrate the optimal operation deci-753

sions and resulting system performance under different administrative objectives754

and business formats. We first analyze the base-case results, and then compare the755

results with those with a different matching function. We also conduct sensitivity756

analysis to examine the system equilibrium under alternative parameter values.757

6.1 Base-case analysis and comparison with an alternative758

matching function759

The base-case setting was introduced in Section 5.2. As mentioned, the matching760

function and the associated parameters are set according to the results of Shao et al.761

(2016). Other parameter values are listed in Table 4. In addition to the base-case762
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setting, an alternative matching function is adopted for comparison, which is given763

by:764

Na =
C1NoNd

No +Nd + C2

, (53)

This matching function is used in Wang et al. (2018) to characterize the supply-765

demand matching in a ridesharing program. Similar to the Cobb-Douglas matching766

function in Eq. (52), it exhibits increasing returns to scale. Parameter values are767

assumed to be C1 = 2.5 and C2 = 0.5, under which the parking sharing prices768

are of comparable magnitude to the real-world data provided by the Transport769

Department of Hong Kong.770

The system equilibrium will be assessed not only by platform profit and social771

welfare, but also the gross profit margin of the platform. Net profit is given by772

Eqs. (14) and (33) in the two formats, respectively. Gross profit is pdhNa − pogNo773

in the reselling format, and pdhNa−pogθNo in the commissioning format. The gross774

profit margin is defined to be gross profit divided by revenue:775

Margin =


1− po

θpd
(in the reselling format),

1− po
pd

(in the commissioning format).
(54)

Table 6 presents the results with the base-case setting and the alternative match-776

ing function. For each setting, we examine results in four scenarios: (a) profit-777

maximization with reselling format (PM-R); (b) social welfare-maximization with778

reselling (SW-R); (c) profit-maximization with commissioning (PM-C); and (d) so-779

cial welfare-maximization with commissioning (SW-C).780

The results in the base-case setting are shown in the left panel of Table 6. In the781

PM-R regime (Column 2), the acceptance rate of parking demands is φ = 0.80, and782

the occupancy rate is θ = 0.84. The profit margin of 0.21 is close to the 20 percent783

commission rate charged by Moby. Parking demand Nd and matches Na respond784

strongly to the price charged to parkers pd because their respective elasticities are785

all relatively large, i.e., εNd
pd

and εNa
pd

. Parking supply No is unaffected by price pd786

because owners are guaranteed income at rate po. In the SW-R regime, the buying787

price for owners po is higher and selling price for parkers pd is lower than those in the788

PM-R regime, leading to a higher utilization rate θ = 0.90, higher acceptance rate789

φ = 0.87, and larger social welfare. However, a platform operating in the SW-R790

regime requires a subsidy to sustain the service.791

The corresponding results for the commissioning format are presented in Columns792

4 & 5 in Table 6. In the PM-C regime, compared to the reselling format (PM-793

R), prices pd and po, supply No, and matches Na are higher, while demand Nd is794

slightly lower. The acceptance rate of parking demands φ = 0.89 is higher, but795

the occupancy rate θ = 0.79 is lower. Parking supply, demand, and matches are796
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considerably more responsive to the selling price pd. Consistent with Proposition 8,797

since Wo > Ro the platform earns a higher profit in the commissioning format than798

reselling. The profit difference is nearly 21%, suggesting that the platform would799

strongly prefer commissioning to reselling if the parameter values in the example800

are representative of real market conditions. Both prices are higher in the SW-C801

regime than the SW-R regime, but demand is lower. Consistent with Proposition 8,802

the commissioning format is superior as both platform profit and social welfare are803

larger than in the reselling format.804

The results with the alternative matching function in Eq. (53) are presented in805

the right panel of Table 6 (Columns 6-9). Optimal prices and the resulting system806

equilibrium are comparable to those in the base case. Prices, supply, demand, and807

matches are higher in the commissioning format than reselling for both the PM808

and SW regimes. The commissioning format is preferable to the reselling format809

as it generates a larger profit in the profit-maximization regime, and a larger social810

welfare in the social welfare-maximization regime.811

Table 6: Optimal solutions under different administrative regimes and matching functions

Matching function Na = 0.9(No)
0.62(Nd)

0.46 Na =
2.5·NoNd

No+Nd+0.5

PM-R SW-R PM-C SW-C PM-R SW-R PM-C SW-C

No 101 240 115 264 68 135 84 168

Nd 246 580 236 545 131 261 144 288

po 10.73 13.72 13.25 16.38 10.02 11.47 13.99 16.64

pd 16.21 13.65 17.18 14.97 17.83 16.57 18.25 16.95

Na 198 503 210 518 111 223 133 265

φ 0.80 0.87 0.89 0.95 0.85 0.85 0.92 0.92

θ 0.84 0.90 0.79 0.84 0.70 0.71 0.68 0.68

εNo
pd

0.00 0.00 -3.68 -1.13 0.00 0.00 -3.75 -1.59

εNd
pd

-2.22 -1.17 -5.45 -2.61 -2.98 -2.04 -6.15 -3.26

εNa
pd

-1.02 -0.54 -4.79 -1.70 -1.02 -0.70 -4.64 -2.21

Profit(103) 1.86 -2.98 2.26 -2.71 1.09 -0.02 1.56 -0.02

SW (105) 0.47 0.49 0.48 0.50 0.45 0.46 0.46 0.47

Margin 0.21 -0.12 0.23 -0.09 0.20 0.02 0.23 0.02

6.2 Varying the disappointment costs812

In this subsection, we examine the optimal pricing strategies and the resulting813

system efficiency with varying disappointment costs for parkers and owners, while814
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holding other parameters fixed at their base-case values.815

The effects of varying the disappointment cost for parkers (Rd) are presented in816

Figure 1. Consistent with Table 5, with the increase of parker’s disappointment cost,817

the platform operator raises the buying and selling prices in all regimes (Figure 1(a)818

and Figure 1(b)). Compared to the reselling format, the commissioning operator819

raises the buying price more quickly in each administrative regime. This is because,820

when the parker’s disappointment cost is larger, being rejected is more costly for821

the parker. To attract parkers, the operator has to raise the buying price to attract822

more owners to participate in the program. Moreover, since the commissioning823

operator only pays for successful matches, he/she concerns less on supply wastage,824

and hence can be more aggressive in raising the buying price to attract owners. As825

shown in Figure 1(c) and Figure 1(d), profit and social welfare decrease with parker’s826

disappointment, Rd, in all regimes. While the trend of profit is almost parallel, social827

welfare drops more quickly in the reselling format than with commissioning in both828

administrative regimes.829

Figure 1: Optimal pricing strategy, profit and social welfare as functions of the
disappointment cost of parkers, Rd

Figure 2 presents the effects of varying the disappointment cost for owners, Ro,830

which matters only for the commissioning format. The owners’ fee decreases with831

Ro in both regimes. The operator limits the loss of business by reducing the selling832
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price.833

Figure 2: Optimal pricing strategy, profit and social welfare as functions of owners’
disappointment cost, Ro, with the commissioning format

6.3 Varying the inconvenience cost834

Figure 3 shows the effects of varying the inconvenience cost for owners. As Wo rises,835

the operator increases the buying price po in all regimes (Figure 3(a)) to limit the836

loss of supply. Consistent with Table 5, the selling price pd (Figure 3(b)) follows837

the same trend in the commissioning format, but in the PM-R regime the operator838

reduces pd. The inconvenience cost does not affect pd in the SW-R regime.839

Figure 3(c) and Figure 3(d) depict how platform profit and social welfare vary840

with the inconvenience cost. Consistent with Propositions 8 and 9, if the inconve-841

nience cost is smaller than the disappointment cost (i.e., Wo < Ro = 15), profit is842

higher in the PM-R regime than the PM-C regime, and social welfare is higher in843

the SW-R regime than the SW-C regime. The converse is true if Wo > Ro. Prof-844

its and social welfare decrease with inconvenience cost in the profit-maximization845

regime, as does social welfare in the social-welfare-maximizing regime. However,846

profits in the social-welfare-maximizing regime increase with Wo. This is because847

the operator prices slots below cost to exploit economies of scale, and the losses848

incurred diminish as the volume of parking sales declines.849
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Figure 3: Optimal pricing strategy, profit and social welfare as functions of incon-
venience cost of owner Wo

6.4 Varying the matching function elasticity850

In this subsection, we vary the elasticity σNa
Nd

of the number of accepted requests851

with respect to the number of parkers, using the Cobb-Douglas type matching852

function in the base case. The results are presented in Figure 4. As σNa
Nd

rises,853

the reselling operator raises the buying fee to attract more supply. Consequently,854

a slot can be more easily matched to a request. In contrast, the profit-driven855

commissioning operator (PM-C) reduces the buying price and slightly increase the856

selling price. This is because the platform charges only for successful matches,857

and even with fewer owners and parkers the platform can achieve matches more858

easily. At the same time, when matching is more efficient, the operator earns more859

profit in the profit-maximization regimes and generates more surplus in the social860

welfare-maximization regimes.861
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Figure 4: Optimal pricing strategy, profit and social welfare as functions of matching
elasticity σNa

Nd

In summary, we find that in the base case, where the owners’ cost of disap-862

pointment is less than the inconvenience cost, the commissioning format is more863

profitable than the reselling format for profit-maximization, and yields a higher wel-864

fare for social welfare-maximization. The reselling format is preferred if the owner’s865

disappointment cost is greater than inconvenience cost.866

7 Conclusion867

This study makes the first attempt to investigate the two-sided pricing problem868

faced by a parking sharing platform as either a reseller or a commissioner under869

matching frictions between parking suppliers and demanders. As a reseller, the870

platform operator purchases the right to use parking slots and rents them to parking871

customers. The reselling platform takes full responsibility for renting the slots and872

pays the owners a fixed amount regardless of whether the slots are rented. By873

contrast, in the commissioning format the operator pays the owners only if the unit874

is rented. If it is not rented, the owner can continue to use it.875

We model the behaviors of parking owners and renters for the two business for-876

mats, and derive the supply-demand matching equilibrium. Rather than adopting877

the operational-level approach of Shao et al. (2016) and Xu et al. (2016), whereby878
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slots are allocated between individual owners and renters, we use a matching func-879

tion that determines the total number of slots rented as a function of the total880

numbers offered and demanded. We examine analytically how system parameter881

values affect the supply-demand matching equilibrium in the parking sharing mar-882

ket.883

Given the behavior of owners and parkers, the two-sided pricing strategies of the884

parking sharing platform are investigated for the reselling and commissioning for-885

mats, and for two administrative objectives: profit maximization and social welfare886

maximization. For each combination of format and objective function, the optimal887

buying and selling prices and resulting platform profit are derived analytically and888

compared. In the case of social welfare maximization, the platform earns positive889

profits if the matching function has decreasing returns to scale, and incurs a deficit890

if the matching function has increasing returns to scale. If owners happen to ex-891

perience the same disutility from inconvenience and disappointment, the reselling892

and commissioning formats yield identical selling prices, platform profit, and social893

welfare. If the disutility from inconvenience is greater, the commissioning format894

yields higher profit and welfare. If disutility from disappointment is greater, the895

reselling format is superior on both counts. The latter case becomes less likely as896

time goes by, and owners acclimate to the possibility that their parking slots do not897

always get rented out.898

This study takes a static equilibrium approach aimed at deriving analytical899

insights. By adopting an aggregate matching function, the model accommodates900

some degree of spatial and temporal heterogeneity in parking slot availability. To901

maintain analytical tractability, we assume the parkers’ parking duration, owners’902

inconvenience cost, and disappointment cost are homogeneous, while permitting903

heterogeneity in parkers’ reservation utilities. The aggregate, static model considers904

a long-run equilibrium. It does not explicitly address such operational features as905

the one-to-one matching process, the adjustment and evolution of users’ behavior906

over time, and the real-time interaction or bidding process involving parkers, owners,907

and the platform operator. Future research could look into many operational level908

aspects of parking sharing platforms by incorporating system dynamics and more909

spatio-temporal heterogeneity.910

Other extensions are also possible. Yield management strategies involving basic911

rewards and sales commissions can be considered that effectively combine the re-912

selling and commissioning formats. Competition between shared parking platforms913

(Rochet and Tirole, 2003; Armstrong, 2006; Economides and Tåg, 2012) can be en-914

tertained. Coexistence of shared parking (involving private slots) and conventional915

public parking is another institutional setting of interest. Introducing a spatial di-916

mension to the model, parking search, cruising time (Liu and Geroliminis, 2016),917

walking distance, and parking information systems are yet further extensions worth918
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exploring. Last but not least, the possibility that parkers will need to cancel their919

parking reservations could be added to the model. A pricing or penalty mecha-920

nism for reservation cancellation could be studied, similar to order cancellations in921

ride-sourcing systems (Wang et al., 2020).922
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Appendix A: Comparative statics of the reselling for-938

mat939

Table 3 lists the comparative statics effects of parameters on the equilibrium val-940

ues of Nd, No, and Na. This appendix establishes the formulas and signs of the941

derivatives with respect to po and pd in the short run when the prices are treated942

as parameters rather than endogenous variables. To economize on space, formulas943

and signs for the other derivatives are listed but not derived.944

Differentiating Eq. (50) with respect to po, we have

(Bd +Rd − hpd)
∂Na

∂po
=
(
Ûd + Û ′

dNd +Rd

) ∂Nd

∂po
, (A.1a)

g = Û ′
o

∂No

∂po
, (A.1b)

∂Na

∂po
= Gd

∂Nd

∂po
+Go

∂No

∂po
, (A.1c)

where Û ′
d =

dÛd

dNd
, Û ′

o =
dÛo

dNo
, Gd =

∂G
∂Nd

, and Go =
∂G
∂No

.945
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Solving Eq. (A.1) as a system of linear equations for ∂No

∂po
, ∂Nd

∂po
, and ∂Na

∂po
, we946

obtain947

∂No

∂po
=

g

Û ′
o

,
∂Nd

∂po
=

g (Bd +Rd − hpd)Go

Û ′
o∆

,
∂Na

∂po
=

g
(
Ûd + Û ′

dNd +Rd

)
Go

Û ′
o∆

,

(A.2)
where948

∆ ≡
(
Ûd + Û ′

dNd +Rd

)
− (Bd +Rd − hpd)Gd. (A.3)

Given Eq. (50a), ∆ can be written:

∆ = Û ′
dNd +

(
1− σNa

Nd

) (
Ûd +Rd

)
> 0,

where the inequality follows from the assumption σNa
Nd

< 1. It then follows that949

∂No

∂po
> 0,

∂Nd

∂po
> 0,

∂Na

∂po
> 0. (A.4)

Differentiating Eq. (50) with respect to pd, we have

−hNa + (Bd +Rd − hpd)
∂Na

∂pd
=
(
Ûd + Û ′

dNd +Rd

) ∂Nd

∂pd
, (A.5a)

0 = Û ′
o

∂No

∂pd
, (A.5b)

∂Na

∂pd
= Gd

∂Nd

∂pd
+Go

∂No

∂pd
. (A.5c)

Solving Eq. (A.5) as a system of linear equations yields950

∂No

∂pd
= 0,

∂Nd

∂pd
= −hNa

∆
< 0,

∂Na

∂pd
= −hNaGd

∆
< 0. (A.6)

Derivatives for the other parameters are derived in a similar way.951

For Wo:952

∂No

∂Wo

= − 1

Û ′
o

< 0,
∂Nd

∂Wo

= −(Bd +Rd − hpd)Go

Û ′
o∆

< 0,
∂Na

∂Wo

= −

(
Ûd + Û ′

dNd +Rd

)
Go

Û ′
o∆

< 0.

(A.7)
For Bd:953

∂No

∂Bd

= 0,
∂Nd

∂Bd

=
Na

∆
> 0,

∂Na

∂Bd

=
NaGd

∆
> 0. (A.8)
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For g:954

∂No

∂g
=

po

Û ′
o

> 0,
∂Nd

∂g
=

po (Bd +Rd − hpd)Go

Û ′
o∆

> 0,
∂Na

∂g
=

po

(
Ûd + Û ′

dNd +Rd

)
Go

Û ′
o∆

> 0.

(A.9)
For h:955

∂No

∂h
= 0,

∂Nd

∂h
= −pdNa

∆
< 0,

∂Na

∂h
= −pdNaGd

∆
< 0. (A.10)

For k:956
∂No

∂k
= 0,

∂Nd

∂k
= 0,

∂Na

∂k
= 0. (A.11)

For Ro:957

∂No

∂Ro

= 0,
∂Nd

∂Ro

= 0,
∂Na

∂Ro

= 0. (A.12)

For Rd:958

∂No

∂Rd

= 0,
∂Nd

∂Rd

=
Na −Nd

∆
< 0,

∂Na

∂Rd

=
(Na −Nd)Gd

∆
< 0. (A.13)

Appendix B: Comparative statics of the commission-959

ing format960

As in Appendix A, we derive the comparative statics effects for changes in po and961

pd, and only list results for the other parameters.962

Differentiating Eq. (51) with respect to po, we have

(Bd +Rd − hpd)
∂Na

∂po
=
(
Ûd + Û ′

dNd +Rd

) ∂Nd

∂po
, (A.14a)

hNag + h (pog −Wo +Ro)
∂Na

∂po
= g

(
Ûo + Û ′

oNo +Ro

) ∂No

∂po
, (A.14b)

∂Na

∂po
= Gd

∂Nd

∂po
+Go

∂No

∂po
. (A.14c)

Solving Eq. (A.14) as a system of linear equations yields963

∂No

∂po
=

hNag∆

Γ
,
∂Nd

∂po
=

hNag (Bd +Rd − hpd)Go

Γ
,
∂Na

∂po
=

hNag
(
Ûd + Û ′

dNd +Rd

)
Go

Γ
,

(A.15)
where964

Γ = g
(
Ûo + Û ′

oNo +Ro

)
∆− h (pog −Wo +Ro)

(
Ûd + Û ′

dNd +Rd

)
Go. (A.16)
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Given Eq. (51), Γ can be written:

Γ = gÛ ′
oNo∆+ g

(
Ûo +Ro

) [(
1− σNa

No
− σNa

Nd

) (
Ûd +Rd

)
+
(
1− σNa

No

)
Û ′
dNd

]
,

where ∆ = Û ′
dNd+

(
1− σNa

Nd

) (
Ûd +Rd

)
> 0 as in Appendix A. The expression Γ is965

positive unless the term
(
1− σNa

No
− σNa

Nd

)
is sufficiently small (e.g., approaches the966

minimum of −1), Û ′
oNo is sufficiently smaller than Ûo+Ro, and Û ′

dNd is sufficiently967

smaller than Ûd + Rd. In what follows we assume Γ > 0. It then follows from968

Eq. (A.15) that969

∂No

∂po
> 0,

∂Nd

∂po
> 0,

∂Na

∂po
> 0. (A.17)

Differentiating Eq. (51) with respect to pd, we have

−hNa + (Bd +Rd − hpd)
∂Na

∂pd
=
(
Ûd + Û ′

dNd +Rd

) ∂Nd

∂pd
, (A.18a)

h (pog −Wo +Ro)
∂Na

∂pd
= g

(
Ûo + Û ′

oNo +Ro

) ∂No

∂pd
, (A.18b)

∂Na

∂pd
= Gd

∂Nd

∂pd
+Go

∂No

∂pd
. (A.18c)

Solving Eq. (A.18) as a system of linear equations yields970

∂No

∂pd
= −h2Na (pog −Wo +Ro)Gd

Γ
< 0,

∂Nd

∂pd
=

hNa

(
h (pog −Wo +Ro)Go − g

(
Ûo + Û ′

oNo +Ro

))
Γ

< 0,

∂Na

∂pd
= −

hNag
(
Ûo + Û ′

oNo +Ro

)
Gd

Γ
< 0.

(A.19)

Results for the other parameters are as follows.971

For Wo:972

∂No

∂Wo

= −hNa∆

Γ
< 0,

∂Nd

∂Wo

= −hNa (Bd +Rd − hpd)Go

Γ
< 0,

∂Na

∂Wo

= −
hNa

(
Ûd + Û ′

dNd +Rd

)
Go

Γ
< 0.

(A.20)
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For Bd:973

∂No

∂Bd

=
Nah (pog −Wo +Ro)Gd

Γ
> 0,

∂Nd

∂Bd

= −
Na

(
h (pog −Wo +Ro)Go − g

(
Ûo + Û ′

oNo +Ro

))
Γ

> 0,

∂Na

∂Bd

=
Nag

(
Ûo + Û ′

oNo +Ro

)
Gd

Γ
> 0.

(A.21)

For g:974

∂No

∂g
=

(hNa (Wo −Ro))∆

Γ
,

∂Nd

∂g
=

(hNa (Wo −Ro)) (Bd +Rd − hpd)Go

Γ
,

∂Na

∂g
=

(hNa (Wo −Ro))
(
Ûd + Û ′

dNd +Rd

)
Go

Γ
,

(A.22)

where ∂No

∂g
, ∂Nd

∂g
, ∂Na

∂g
> 0 if Wo > Ro, ∂No

∂g
, ∂Nd

∂g
, ∂Na

∂g
= 0 if Wo = Ro, and ∂No

∂g
, ∂Nd

∂g
, ∂Na

∂g
<975

0 if Wo < Ro.976

For h:977

∂No

∂h
=

Na (pog −Wo +Ro) (∆− pdhGd)

Γ
,

∂Nd

∂h
=

Na (Bd +Rd) (pog −Wo +Ro)Go − pdNag
(
Ûo + Û ′

oNo +Ro

)
Γ

,

∂Na

∂h
=

−pdNag
(
Ûo + Û ′

oNo +Ro

)
Gd +Na (pog −Wo +Ro)

(
Ûd + Û ′

dNd +Rd

)
Go

Γ
,

(A.23)

where the signs of ∂No

∂h
, ∂Nd

∂h
, ∂Na

∂h
are, a priori, indeterminate.978

For k:979
∂No

∂k
= 0,

∂Nd

∂k
= 0,

∂Na

∂k
= 0. (A.24)

980

For Ro:981

∂No

∂Ro

=
(hNa − gNo)∆

Γ
< 0,

∂Nd

∂Ro

=
(hNa − gNo) (Bd +Rd − hpd)Go

Γ
< 0,

∂Na

∂Ro

=
(hNa − gNo)

(
Ûd + Û ′

dNd +Rd

)
Go

Γ
< 0.

(A.25)
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For Rd:983

∂No

∂Rd

=
(Na −Nd)h (pog −Wo +Ro)Gd

Γ
< 0,

∂Nd

∂Rd

= −
(Na −Nd)

(
h (pog −Wo +Ro)Go − g

(
Ûo + Û ′

oNo +Ro

))
Γ

< 0,

∂Na

∂Rd

=
(Na −Nd) g

(
Ûo + Û ′

oNo +Ro

)
Gd

Γ
< 0.

(A.26)

Appendix C: Proof of Proposition 7984

Assume Wo = Ro, and call the common value C. Owners receive expected utility985

U r
o = prog − C in the reselling format, and U c

o = pcogθ − C in the commissioning986

format. Owners are risk neutral in the sense that they care only about the expected987

price they receive for offering a slot for rent.988

From Eq. (1), the number of parkers depends on pd and φ where φ = Na/Nd.989

Combined with the matching function, the number of parkers who join the platform990

can be written as a function of pd and No: Nd = N̂d (pd, No).991

Similarly, given Eq. (2), Eq. (4), and the matching function the numbers of992

owners who join the platform in the reselling and commissioning format are N r
o (po)993

and N̂ c
o (po, Nd), respectively.994

Proof of (a): Any commissioning policy can be replicated by a reselling policy995

Let (pco, pcd) be a commissioning policy and θc be the resulting average utilization996

rate of slots. This commissioning policy is replicated in the reselling format by997

setting prd = pcd and pro = θcpco. Owners receive the same expected price in the998

two formats, and thus offer the same supply. Hence N r
o = N c

o . Since prd = pcd,999

N̂d (p
r
d, N

r
o ) = N̂d (p

c
d, N

c
o) and N r

d = N c
d . Thus, in both formats the platform1000

operator pays owners the same expected fee and charges parkers the same price. It1001

also attracts the same numbers of owners and parkers. Profit and social welfare are1002

thus the same as well.1003

Proof of (b): Any reselling policy can be replicated by a commissioning policy1004

Let (pro, prd) be a reselling policy and θr be the resulting average utilization rate1005

of slots. To replicate this with the commissioning format, set pcd = prd. Then vary1006

pco until θc = θr so that hN c
a/ (gN

c
o) = hN r

a/ (gN
r
o ). Using the matching function,1007

this can be written as G (N c
d , N

c
o)/N

c
o = G (N r

d , N
r
o )/N

r
o . The two functions are1008

identical in form, and given σNa
No

< 1 they are monotonically decreasing functions1009

of No. Hence, if N c
d = N r

d , then N c
o = N r

o .1010

Now N c
d = N̂d (p

c
d, N

c
o) and N r

d = N̂d (p
r
d, N

r
o ). Given pcd = prd, the first arguments1011
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in each function are the same. If N c
o = N r

o , the second arguments are also the same1012

and N c
d = N r

d . Hence, if N c
o = N r

o then N c
d = N r

d . It follows that the numbers of1013

owners and parkers are the same for the two formats. The platform operator pays1014

owners the same expected fee, and charges parkers the same price. The operator’s1015

profit is thus the same for the two formats, and so is social welfare.1016

Appendix D: Proof of Proposition 81017

The proof entails showing that, for any reselling policy, a commissioning policy can1018

be chosen that outperforms it in profit and social welfare.1019

With the reselling format, owners receive a utility U r
o = prog−C1 where C1 = Wo.1020

With the commissioning format, their utility is U c
o = pcogθ − C2 where C2 = θWo +1021

(1− θ)Ro. Given Wo > Ro, C2 < C1: owners incur a lower expected cost with the1022

commissioning format.1023

Let (pro, prd) be a reselling policy and θr be the resulting average utilization rate of1024

slots. To prove the commissioning format outperforms the reselling format, we set1025

pcd = prd. Then we vary pco until θc = θr so that hN c
a/ (gN

c
o) = hN r

a/ (gN
r
o ). Owners1026

earn the same expected income from the platform with the commissioning format,1027

and incur a lower expected cost. Hence, N c
o > N r

o . The number of participating1028

parkers is N r
d = Nd (p

r
d, N

r
o ) in the reselling format, and N c

d = Nd (p
c
d, N

c
o) in the1029

commissioning format. With pcd = prd and N c
o > N r

o , N c
d > N r

d . Consequently,1030

N c
a > N r

a : the number of transactions is larger in the commissioning format. A1031

profit-maximizing operator therefore earns higher profit, and a welfare-maximizing1032

operator generates a higher social surplus. By adjusting pcd and pco, the operator1033

can do better yet.1034
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