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Abstract:

Tradable parking permit schemes can be an effective transportation demand management 
strategy by allocating parking spaces efficiently and encouraging the use of non-single 
occupancy modes of transport. We investigate the feasibility and effectiveness of tradable 
parking permit schemes in high density cities with parking constraints. We focus on the effect 
of four behavioural factors, namely, reference dependence, endowment effect, social nudge, 
and environmental consciousness. Online experiments are conducted via Amazon Turk Prime 
platform, with participants recruited from eight Chinese cities. Our investigation on reference 
dependence and endowment effect suggest that tradable parking permit schemes is feasible and 
efficient. Environmental consciousness can improve the schemes’ effectiveness in encouraging 
participants to switch to public transport, but social nudge shows no significant effect. Our 
study provides much-needed empirical findings about tradable credits for transportation 
management on the individual level.
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Tradable Parking Permits as a Transportation Demand Management 

Strategy: A Behavioural Investigation

1. Introduction

Tradable permit systems have been implemented in a range of schemes, such as the Acid Rain 

Programme in the United States and EU Emissions Trading Scheme (Fan and Jiang, 2013; Grant-Muller 

and Xu, 2014). With increasing car dependence and negative environmental impacts from car-use, 

tradable parking permit schemes have potential to address these pressing issues. Tradable parking 

permit scheme sets a constraint on the total number of car park places in a specified area and time 

period. Parking permits are distributed to eligible participants who need to redeem them when parking 

their car. Parking permits are traded through a market mechanism that allocates the permits to those 

with the highest value of car use. The scheme is economically attractive in minimising the aggregated 

costs of all participants, but also provide an incentive to reduce car travel or even car ownership 

(Dogterom et al., 2017).  Specifically, the trading system can establish the fair market price of parking, 

an important cost element of owning a car. This information will not only support policymakers in their 

decisions regarding transportation management and urban development, but also help residents to 

choose the most economical and socially desirable transport mode. By making the cost of parking 

explicit, car owners are more likely to switch to non-single occupancy modes of transport. 

Yet, tradable permit schemes on the individual level in the context of transport has only been applied 

on a theoretical level.  Mathematical programming is the dominant methodology employed in studying 

the operation and efficiency of tradable permits. For example, Yang and Wang (2011) derived the 

equilibrium traffic flow pattern and proved tradable permits as a quantity control instrument achieved 

the same desired traffic flow pattern as conventional road pricing. Similarly, using mathematical 

modelling, Zhang et al. (2011) derived the bi-modal user equilibrium traffic pattern when parking space 

is restrained at the destination. They conclude that tradable parking permits introduced in tandem with 

restrained parking space eliminates wasteful parking competition, facilitating efficient traffic 

management. 

Whilst mathematical modelling has demonstrated the theoretical advantage of tradable permit schemes 

over other instruments in mitigating congestion, little empirical research has been done, and behavioural 

studies on this topic is particularly lacking (Dogterom et al., 2017; Grant-Muller and Xu, 2014). We 

bridge this gap in the literature by conducting a lab-in-the-field experiment to answer two questions 

regarding a tradable parking permit scheme. The first question is whether such a scheme is feasible. 

The Coase Theorem predicts trading permits results in an efficient allocation of parking permits. This 
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is because “if one assumes rationality, no transaction costs, and no legal impediments to bargaining, all 

misallocation of resources would be fully cured in the market by bargains” (Calabresi, 1968). However, 

if individuals make decisions under bounded rationality instead of rationality, the operation of a tradable 

parking permit scheme may deviate from outcomes predicted by standard economic theory. In particular, 

the allocation of parking permits would be inefficient due to hoarding, speculation and inefficient trade 

volume. 

We therefore tested the assumption of rationality in a tradable parking permit scheme. Since tradable 

permits are a form of endowment, valuation of tradable permits may be not be solely dependent on 

market prices alone. Instead, heuristics may be relied upon in valuing a permit. Although there are 

studies showing the possible influence of reference dependency and the endowment effect in transport 

economics (Bao et al., 2014; Schwanen and Ettema, 2009), studies of behavioural impacts on tradable 

parking permits remain lacking, which is a gap in literature. Testing for behavioural impacts could shed 

light on a tradable parking permit scheme’s feasibility and effectiveness. This is important since parking 

policy has been recognised to have the potential to address congestion, tackle air pollution and reduce 

the use and ownership of private vehicles (Ison and Mulley, 2014). 

The second question concerns a tradable parking permit scheme’s effectiveness as a transport demand 

management (TDM) strategy. TDM aims to encourage sustainable transportation by minimising private 

vehicle use and increasing reliance on more environmentally friendly modes of transport (Broaddus et 

al, 2009). Thus, the effectiveness of a tradable parking permit scheme should be assessed by examining 

whether such a scheme ultimately lead to substitution of private car ownership with non-single 

occupancy modes of transport. Following the framework in Nordlund et al. (2018) and Westin et al. 

(2018), we also investigate the role of extrinsic and intrinsic motivation (or social and personal norms) 

in such decisions.  

We explored the two issues by conducting a lab-in-the-field experiment with 415 participants living in 

dense Chinese cities where parking is constrained. Analysing the data with a linear regression model, 

the endowment effect was found to be absent in the sample. Further, the regression analysis of reference 

point formation reveals buyers place more weight on the highest price than the lowest price whilst the 

opposite was found for sellers. The parking right is thus treated as an exchange good rather than a 

consumer good, explaining the lack of an endowment effect. This finding supports the feasibility of an 

individual tradable parking permit scheme. 

At the end of the experiment, 30% of the 415 participants decided to sell their car and switch to public 

transport. This offers some preliminary empirical evidence on the effectiveness of tradable parking 

permit scheme in reducing car ownership in China. We also find that extrinsic motivation such as 
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colleagues, neighbours or family members give up their car ownership did not have significant impact 

on the individual’s decision to sell their car.  On the other hand, intrinsic motivation of internalised pro-

environmental norms as proxied by environmental habits was found to increase the likelihood of giving 

up a car. This suggests the effectiveness of tradable parking permit schemes as a TDM strategy can be 

improved by increasing intrinsic motivation of those in the scheme. Specifically, emphasising 

environmental degradation from private car vehicle use, inculcating a sense of responsibility for 

environmental consequences and making environmentally friendly alternatives accessible through 

building quality public transport infrastructure. 

This paper proceeds as follows. Section 2 discusses the four behavioural factors that we considered in 

this study. Section 3 gives details about the experiment design and implementation. Section 4 presents 

the results and answers the two issues on the feasibility and effectiveness of a tradable parking permit 

scheme. Section 5 concludes.

2. Tradable parking permit schemes as a TMC strategy – the behavioural perspective

We adopt a behavioural approach to study the feasibility and effectiveness of tradable parking permit 

schemes as a TDM strategy.  First, we investigate whether reference dependency and loss aversion 

cause a lower than expected trading volume. If people are not maximising utility, and hoarding is 

observed instead, a tradable parking permit scheme would not achieve allocative efficiency. This led to 

the first two behavioural determinants of the feasibility of a tradable parking permit scheme: reference 

point dependence and the endowment effect.  

An allocatively efficient tradable parking permit scheme does not guarantee substitution of car 

ownership with other modes of transport. Alone, a tradable parking permit scheme is limited in its 

effectiveness given the small positive cross price elasticity between private vehicles and other more 

sustainable transport modes. This raises the question of which extrinsic and intrinsic factors might 

inhibit or encourage substitution. Intrinsic motivation is defined as being motivated for inherent 

satisfaction, interest, and enjoyment; extrinsic motivation is defined as being motivated for the 

instrumental value or doing something because it leads to a separable outcome, such as community 

enhancement and relationship building (Ryan and Deci, 2000). Following the framework in Westin et 

al. (2018), we investigate the role of extrinsic factors of social nudges and intrinsic factors of 

internalised pro-environmental behaviour in participant’s decision to give up car ownership. 
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2.1 Reference point dependence
Standard economic theory (SET hereafter) assumes that individuals consider all options in their entirety 

when making a decision. SET not only describes how people should choose based on the assumption 

of maximising the utility function, but also how individuals do choose (Thaler, 1980). However, in 

certain well-defined situations, consumers may act inconsistently with economic theory. Kahneman and 

Tversky (1979)’s prospect theory offers an alternative framework to study consumer behaviour by 

introducing the concept of reference dependence. According to prospect theory, value is determined in 

terms of gains and losses instead of the final asset; decisions are made on the basis of whether one 

perceives themselves in the loss or gain domain in relation to a reference point. 

There is a large body of literature in support of reference point dependency (See, for instance, Barberis, 

2013; Mazumdar et al., 2005). Various reference points have been identified in different context as 

well. For example, the peak end rule has been used to theoretically show how price is generally the 

most influential reference point, and low prices have an anchoring effect (Nasiry and Popescu, 2011). 

In the financial context of owning stocks, (Baucells et al., 2011) found the decision to sell or keep a 

stock largely depends on the purchase price and current price as reference points. Whereas (Viglia et 

al., 2016) found that consumers, when choosing hotel rooms, used the average price as the main 

reference point, whilst low prices in the past was a significant reference point.

Similarly, reference price theory proposes that individuals reduce or increase their willingness to pay 

(WTP) and willingness to accept (WTA) by comparing how much they truly value a good (i.e., their 

reserve price) with the fair market price (Weaver and Frederick, 2012). Expected future prices are 

important reference points that affect consumer decisions as well (Jacobson and Obermiller, 1990).  

Since individuals could rely on reference points in decision making, studying reference point 

dependence is an important initial step in determining how people make decisions in a tradable parking 

permit scheme.

Literature highlights three points of interest. First, reference points in a tradable permit system could be 

influenced by the permit’s purchase, current, average, lowest and highest price. Second, buyers and 

sellers do not necessarily have the same reference point (Bao and Gong, 2016; Paraschiv and Chenavaz, 

2011). Third, reference point formation is dependent on the nature of the good. For investment goods, 

Baucells et al. (2011) demonstrates that purchase prices are significant as return on investments is key 

in investment decision making. Tradable parking permits, on the other hand, can be conceptualised as 

a consumer or exchange good. The purchase price is less likely used as a reference point in decision 

making for buyers and sellers of the permits. Instead, utility maximising consumers would look at the 

average and lowest prices to determine the least they can pay to consume a good. Further, where permits 

are grandfathered, and owning a permit is compulsory for parking and therefore a required purchase, 
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great emphasis may be placed on the most recent price and the average price as reference points. This 

is in line with Viglia et al. (2016) finding for hotel room bookings and Nasiry and Popescu (2011)’s 

theoretical model. 

2.2 Loss Aversion and the endowment effect
Under the SET, regardless of the initial allocation of property rights, the allocation of resources between 

two agents will be efficient if property rights are well-defined. This conclusion relies on a fundamental 

assumption under neoclassical rational choice theory: when income effects are small, WTP for 

acquiring a good is equal to the WTA for selling the same good at equilibrium. For tradable parking 

permits, the final allocation of permits should be efficient. Permits are owned by those who value car 

use, and therefore parking space the most, whilst those with lower abatement costs benefit from selling 

their parking permits. 

Another important element of the prospect theory is loss aversion, which means that people feel greater 

psychological impact from a unit of loss than a unit of gain. Building upon this concept, Thaler (1980) 

introduced the term “endowment effect” where by virtue of owning a good, the WTA to give up a good 

is significantly higher than the WTP for the same good.

However, Kahneman et al. (1990) found WTA exceeding WTP in experiments involving bilateral 

bargaining of physical goods. This implied that goods were valued more when a person is in possession 

of it, suggesting the endowment effect (Thaler, 1980). Thaler (1980) uses the loss aversion concept in 

prospect theory to explain the endowment effect. When losses and gains are valued against the status 

quo, losses are weighted substantially more than objectively commensurate gains. As such, when giving 

up a good is evaluated as a loss, and a gain when it is acquired, a higher dollar value is induced for 

owners than potential buyers. Consequently, the set of mutually acceptable trades is reduced. 

Whilst in Kahneman and Tversky (1979), the status quo served as a reference point, individual rational 

expectations served as the reference point in Koszegi and Rabin (2006) reference-dependent utility 

model. Treating an individual’s beliefs of the purpose of the good in possession as the reference point 

parallels literature showing reference point formation and adaptation as dependent on the nature of a 

good. This explains instances where the endowment effect has not been found. For example, in Plott 

and Zeiler (2007)’s experiment, flipping a coin to determine the possession of a mug decoupled 

participants’ expectations from their initial ownership status, leading to the absence of the endowment 

effect. Similarly, experienced traders expecting a high probability of parting with recently acquired 

items. As such, more experienced card collectors exhibited less or no endowment effect, in contrast to 

endowment effect found in inexperienced card collectors (List, 2003, 2004, 2011). 
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Therefore, it is important to test participants’ beliefs regarding tradable parking permits. How a tradable 

good is interpreted determines whether an individual expects to part with it. If the tradable good is 

treated as a consumer good, individuals expect utility from consuming the good. Consequently, trading 

volume would be less than expected as individuals are likelier to hoard than trade. The disadvantages 

of letting a tradable permit go looms larger than advantages. Conversely, if the tradable good is seen to 

be held only for the purpose of exchange, the efficiency of tradable permits schemes are not affected 

by endowment effects. 

2.3 Extrinsic motivations - social norms
Financial incentive from selling a grandfathered parking permit induces individuals with low abatement 

costs to substitute car ownership with non-single occupancy modes like public transport and car sharing. 

This is the prediction by the SET. However, parking permits are also associated with extrinsic incentives, 

because driving private cars has significant implication on environment protection and sustainability. 

How extrinsic motivation, particularly in the context of social norms, affects decisions in participating 

in tradable parking permit scheme? We answer this question by studying the effect of nudges. 

Nudge is defined as choice architecture that alters people's behaviour in a predictable way without 

forbidding any options or significantly changing their economic incentives (Thaler and Sunstein, 2009). 

Recently, green nudges, or, nudges that aim at promoting environmentally benign behaviour, has 

attracted significant scholarly attention (See the review in Schubert, 2017). For example, in-home 

displays of electricity usage significantly reduced electricity consumption among Irish households (Di 

Cosmo and O'Hora, 2017), and information about how much water their neighbours used nudged 

residents to cut back their water consumption in Colombia (Torres and Carlsson, 2018). 

In light of the benefit of minimising negative traffic externalities through tradable parking permits, 

behavioural intervention through nudges could be introduced to encourage the switching from private 

cars to public transportation. If social pressures from nudges are found to significantly influence car 

owners to substitute their cars with other modes of transport, then the effectiveness of a tradable parking 

permit scheme would not just depend on financial incentives, as stipulated by consumer theory, but also 

on the cognitive architecture of choice in which switching decision is made. John et al. (2009) explains 

a ‘nudge’ as influencing individuals in changing civic behaviour, such as a push towards adherence to 

the preferred social norm (Kuhfuss et al., 2016). Nudge theory could be applied in tradable parking 

permit schemes to increase the limited cross-elasticity of demand between private and non-single 

occupancy vehicles. In other words, social norm nudges within a tradable parking permit scheme can 

potentially increase the currently low substitutability between private and non-single occupancy 

vehicles. 
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A useful starting point is to consider people’s environments as systems, such as social communities, 

where structural features in a system embed social norms, leading to fundamental behavioural change 

(Verplanken, 2018). As such, individuals use interpersonal relations as reference points in decision 

making. Since tradable parking permits is a novel idea, we assessed previous empirical studies to arrive 

at three possible social systems where nudges could be introduced to alter behaviour towards 

substituting cars with non-single occupancy vehicles. 

First, in comparison between colleagues, disclosing Los Angeles teachers’ value-added scores had a 

positive effect on low performing teachers, and a negative impact on high performing teachers 

(Bergman and Hill, 2018). Damgaard and Nielsen (2018) commented that this pattern of mean reversion 

is “consistent with effort being adjusted to fit the social norm”. Such a consequence may be undesirable 

for teaching quality. However, for tradable parking permits, if colleagues are perceived as an important 

indicator of the social norm, mean reversion could be beneficial if the social norm is to switch.

Second, in the social sphere of neighbours, Allcott and Rogers (2014) found energy conservation 

behaviour was induced by a Home Energy Report circulated within a neighbourhood. Comparing 

energy use between neighbours was concluded to nudge behaviour to use less energy. Interestingly, 

social comparison between neighbours in energy usage may not change habits but can steer neighbours 

to adopt technology (Brandon et al., 2017; Jansson et al., 2017). This adoption outcome is relevant for 

a tradable parking permit scheme since the goal is to encourage a switch to another transport mode. 

Third, kinship can also be a powerful nudge since family is an important source of moral values(Gilligan, 

1993). This is empirically supported: Weenig and Midden (1991) found that strong ties from the 

frequency and intensity of contact in a family led to an efficient diffusion of information and adoption 

of a DIY house insulation programme. Similarly, family interaction was found to be a significant reason 

for adopting plug-in hybrid vehicle technology in California (Axsen and Kurani, 2011). Family 

behaviour can therefore influence individual car owners to make the decision to switch. 

2.4 Intrinsic motivation - environmental consciousness
Besides the extrinsic motivations considered above, the decision to switch may also be affected by 

intrinsic motivations as well, such as environmental awareness. The value-belief-norm theory (VBN) 

predicts a higher likelihood of pro-environmental behaviour where certain values, beliefs and personal 

norms are in effect (Stern, 2000). By linking VBN and Schwartz (1977)’s norm-activation theory of 

altruism, Stern et al. (1999) proposes that the sense of responsibility from awareness of environmental 

consequences from one’s actions inculcates altruism, leading to pro-environmental behaviour. At a 

practical level, empirical research has found a positive relationship between awareness and 
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responsibility of actions on the environment and green consumer behaviour (Steg et al., 2014), and 

increase the chance of adopting electric vehicles (Nordlund et al., 2018; Westin et al., 2018). 

Applying this theory to tradable permit schemes, individuals who are more aware and acknowledges 

responsibility for environment degradation have a higher probability of looking beyond their immediate 

interests. When faced with an option to substitute car ownership with other non-single occupancy modes 

of transport, they would view car use reductions in a favourable light and would be more willing to 

reduce car dependency. 

As Zhang et al. (2016) rightly highlight, personal or internal norms are necessary to consider, in tandem 

with socio-demographic factors to prevent oversimplification during relationship finding. Similarly, 

Ohnmacht et al (2009) support a socio-demographic approach incorporating individual’s lifestyles, 

especially in places where a majority of the population have the resources and ability to choose between 

travel modes. By modelling the outward behaviour of individuals evidencing an internalised pro-

environmental stance, a model should have stronger predictive power of whether a car owner would 

substitute car ownership with other more environmentally friendly transport modes. 

3. Experiment design and data collection 

3.1 Lab-in-the-field experiment
Since tradable parking permit systems are only mooted on a theoretical level, market data is unavailable 

for analysis. Lab experiments are an alternative when market data is absent. Trading behaviour is 

simulated by giving participants either money or tokens and tradable items such as permits. For example, 

Aziz et al. (2015) investigated travel decisions and trading patterns in a real-time online experimental 

game involving graduate students of Purdue University. Participants made travel decisions within a 

carbon budget and were allowed to trade carbon credits. Lab experiments are advantageous as market 

environments simulating trading can be created. This could give significant insights into behavioural 

responses in trading permits. 

However, Aziz et al. (2015)’s study also revealed the limitations of lab experiments. Since experiments 

are conducted with a controlled uniform group of participants, the results may not apply to the 

population due to wide heterogeneity of people in a real-life personal permit trading scheme. Lab-in-

the-field experiments, on the other hand, take advantage of the benefits of both lab and field experiments 

in the absence of market data. Gneezy and Imas (2017) describe lab-in-the-field experiments as studies 

“conducted in a naturalistic environment targeting theoretically relevant population but using a 

standardised, validated lab paradigm”. Such a method combines elements of lab and field experiments 

to provide benefits from the two whilst reducing costs. 
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Brands et al. (2019) conducted a lab-in-the-field experiment in relation to tradable parking permits. A 

virtual experiment was set up where participants, who are car-owners, paid for a parking spot through 

their smartphone or computer every working day. Brands et al. (2019) study overcomes the first 

limitation of lab experiments. Rather than using a narrow set of participants, often university students 

such as in Aziz et al. (2015), who may not own or drive cars and thus lacking in parking experience, 

conducting a controlled experiment on the target population of car users allows better applicability of 

findings to the tradable parking permit policy. As such, experimental data can be generalised to inform 

economic theory through lab-in-the-field experiments (Gneezy and Imas, 2017). 

In our study, we conducted lab-in-the-field by distributing questionnaires on Amazon TurkPrime’s 

Prime Panels. The Prime Panels is an online panel with an electronic database of registrants who have 

indicated a willingness to participate in web-based studies (Callegaro et al., 2014). Online panels have 

been argued to allow researchers to reach a large number of participants at a low cost (Buhrmester et 

al., 2011). An issue of concern is sample representativeness. However, online panels have been shown 

to be equally or more representative than traditional sample collection methods (Crone and Williams, 

2017; Walter et al., 2019). The distinguishing factor on sample representativeness collected from online 

panels is the likelihood of the specific population being present on the online panel (Porter et al., 2019). 

For the present purpose of studying tradable parking permit schemes’ feasibility and effectiveness, 

online panel platforms such as Amazon TurkPrime is an effective way to reach a specific population of 

car-owners living in high-rise residential apartments are needed. 

3.2 Experiment design 
The questionnaires were created using Qualtrics and then distributed via TurkPrime.1 It consisted of 

two parts: part one presented participants with graph sequences showing artificially created historical 

parking rights prices, and part two collected socio-demographic information and participant lifestyle 

habits. 

The first part of the questionnaire elicits participant’s WTP and WTA by setting out trading scenarios. 

The following scenario was presented. Participants are car-owners living in a residential estate with 

shared parking. A tradable parking permit scheme allocates parking lots. To ensure participants only 

form reference points in relation to the tradable parking permit scheme, they are told they may only 

park at the residential estate’s shared parking area. A monthly parking permit is required to park in the 

shared parking area and is obtained with five parking rights. As a resident, participants receive one 

1 MTurk built-in tools were not used as it was not possible to pre-screen participants based on nationality, residential 
apartment height and density of residential location. Further, Qualtrics is a site for survey-building and had the necessary 
tools and structure to design a questionnaire.   
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parking right at the start of each month, which cannot be banked and expires at the end of each month. 

A monthly parking permit is obtained by purchasing parking rights from other residents. The price at 

which participants offer for a parking right indicates buyers’ WTP.

With this scenario in mind, participants are presented with graphs showing sequences of historical 

parking right trading prices and were required to indicate their WTP for a parking right. Table 1 presents 

the 24 sequences showed to participants. The price series used in Table 1 were developed based on the 

experiment design in Baucells et al. (2011).  Price series pairs are used to test the role of four potential 

reference points: current price, average price, highest price and lowest price. For example, Series 1 and 

Series 2 have the same current, highest and lowest prices, and are only different in average prices. If 

the average responses to these two series are different, average price is identified as a reference point. 

We created 12 pair comparisons where each factor was represented by 3 pairs of sequences, as shown 

in Table 2.  

Each respondent was shown all 24 price sequences (see an example in Graph 1), and asked to provide 

their WTP. To obtain the WTA, the participants were then asked whether they would sell their car and 

if so, whether they would sell their parking right. If participants decide to sell their car and parking 

right, they are presented with the same 24 price sequences as shown in Table 1 and were required to 

state the price at which they would sell the parking right (i.e., WTA).  In summary, the 24 sequences 

and associated pairings are the same for both buyer and seller. Prices participants submit for the paired 

sequences, as per Table 2 under both buyer and seller positions, are used for conducting a matched-pair 

sign test to determine whether there is a difference between paired sequences. 
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Table 1: The 24 price sequences used in the experiment

Sequence Apr-18 May-18 Jun-18 Jul-18 Aug-18 Sep-18 Oct-18 Nov-18 Dec-18 Jan-19
Average 

WTP
(Buyer)

Average 
WTA

(Seller)
1        60 80 80 83.87 69.15
2       80 60 80 100 91.13 74.68
3       80 100 80 60 84.25 69.26
4     80 60 70 80 100 90 90.03 73.90
5     80 100 90 80 60 70 85.86 70.57
6    70 90 110 90 80 90 100 98.02 81.43
7    70 90 110 90 100 90 80 93.12 77.32
8      80 100 80 60 60 81.68 66.40
9      80 80 80 80 60 77.52 66.71
10   70 80 110 80 70 70 70 70 85.34 71.02
11   70 80 80 80 80 80 80 70 81.40 74.70
12    80 50 80 60 80 100 80 88.67 68.71
13    80 50 80 70 80 90 80 83.46 68.77
14      100 80 80 80 80 86.25 78.17
15      100 100 80 60 80 88.69 73.27
16 84 80 80 80 80 80 80 80 80 80 83.32 78.38
17 84 80 60 80 84 84 84 84 84 80 84.38 73.84
18   100 90 80 80 80 80 80 80 86.14 79.09
19   100 90 80 90 90 80 60 80 89.10 74.36
20        60 60 80 79.40 67.87
21   80 60 80 100 100 100 100 80 91.61 75.20
22   80 100 80 60 60 60 60 80 85.36 68.77
23   80 100 100 100 100 80 60 80 91.09 75.72
24   80 60 60 60 60 80 100 80 86.15 68.74
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Table 2: Pairs of sequences 
Factor Pairs of sequences
Current price 2 & 3 4 & 5 6 & 7

Average price 1 & 20 21 & 22 23 & 24

Highest price 8 & 9 10 & 11 12 & 13

Lowest price 14 & 15 16 & 17 18 & 19

Figure 1: Example of graph sequence showed to participants (Sequence 5 in Table 1)

The first part of seller’s questionnaire ends after the price sequences. Respondents who take the buyer’s 

role continue to answer questions based on four between-subject treatments: one control and three 

experimental treatments. Upon completion of the graph sequences, participants in the control treatment 

were asked whether they would sell their car and parking right. Participants in the three treatments were 

given a scenario each, telling participants that their colleagues, neighbours and relatives have 

respectively decided to sell the car and parking right in favour of public transport. Quotas were set to 

ensure at least 100 participants were given the control and treatments, totalling a minimum of 400 

participants. The decision whether to sell the car and parking right produces a categorical variable of 

‘yes’ or ‘no’ responses. For those who chose to sell their cars and use public transport, they were 

presented with the same 24 price sequences, but asked to provide their WTA instead. Their responses 

to the second set of prices are then combined with their answers to the first 24 graphical questions, and 

used to identify endowment by estimating the following regression equation.  
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, (1)𝑃 = 𝛽0 + 𝛽1𝐷𝑠∑𝑘
𝑖 = 1𝛾𝑖𝑋𝑖 + 𝜀

where P is WTP for buyers and WTA for sellers.  is a dummy variable that is equal to 1 for sellers 𝐷𝑠

and 0 for buyers.  are control variables. If  , there is endowment effect. Testing for the 𝑋𝑖 𝛽1 > 0

endowment effect required the WTP and WTA of each participant. As such, only the subsample of 

participants that responded to the graph sequences as both buyer and seller was used for testing the 

endowment effect. These are the respondents who started off as buyers, and then decided to give up 

their private cars and use public transport instead. The experiment proceeded to present these 

respondents with the same 24 price sequences but ask for their WTA in addition to their WTP obtained 

in early stage of the experiment.

To test if social norms affect the decision to sell the car, we estimate Equation (2) by using logistic 

regression. 

𝑙𝑜𝑔𝑖𝑡(𝑝𝑠𝑒𝑙𝑙 = 𝑦𝑒𝑠) = 𝛽0 + 𝛽1𝑠𝑜𝑐𝑖𝑎𝑙𝑐𝑜𝑚𝑝𝑎𝑟𝑖𝑠𝑜𝑛 + 𝛽2𝑔𝑒𝑛𝑑𝑒𝑟 + 𝛽3𝑖𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒𝑜𝑓𝑐𝑎𝑟 + 𝛽4𝑖𝑛𝑐𝑜𝑚𝑒

                               , (2) + 𝛽5𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙𝑐𝑜𝑛𝑠𝑐𝑖𝑜𝑢𝑠𝑛𝑒𝑠𝑠 + 𝛽6𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 + 𝛽7𝑎𝑔𝑒 + 𝜀

The binary dependent variable being the decision to sell or keep the car made by the participant after 

the answering with their WTP to the 24 price trends. In addition to social comparison factors, socio-

demographic and lifestyle habits information are collected in part two for inclusion in the regression 

analysis to determine if other factors, apart from social comparison, influence the decision to sell the 

car and parking right. The definition of other variables in Equation (2) can be found in Table 8. 

3.3 Implementation 

The experiment was conducted in February 2019. Using TurkPrime’s platform, we recruited 415 car-

owners living in high-rise residential blocks located in eight Chinese cities, that is, Shanghai, Beijing, 

Guangzhou, Shenzhen, Chengdu, Tianjin, Harbin and Chongqing. We chose China because private car 
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ownership has been increasing rapidly in recent decades, which led to serious environmental issues. A 

tradable parking permit scheme has the potential to address this problem. Moreover, recruiting 

participants for the experiment is easy and therefore cheaper than other locations given the large 

population size and high private car ownership rate. 

The questionnaire was originaly designed in English, and then translated into Mandarin to ensure that 

native speakers understood the scenarios and questions. We invited 13 native Mandarin speakers to 

check and test the questionnaire. The majority of these reviewers are faculty members with fieldwork 

experience in top Chinese universities, such as Renmin University of China and Zhejiang University.  

The questionnaires were then revised based on the feedback from these reviewers. 

We also included five questions to check the reliability and robustness of the questionnaire, as well as 

to ensure the quality of the responses. Right after the scenario was given, two questions were asked to 

check if respondents correctly understood the scenario. Specifically, they were asked to state the number 

of parking rights needed to obtain a permit, and the average price of a parking right from a few parking 

right prices. The questionnaire terminates automatically if participants fail to give the correct answer. 

Participants were also asked for the number of floors their apartment has and the floor they lived on. 

Responses from participants living in apartments of less than 7 floors were excluded. At the end of the 

experiment, we also asked participants to indicate, on a scale from 1 (strongly disagree) to 10 (strongly 

agree), whether they understood parking in the residential area required purchasing parking rights, and 

the instructions and scenario were comprehensible. 

A pilot study of 60 sample points was collected before the experiment was fully implemented. The 

results from the pilot study confirmed that the design of the questionnaire was reliable and robust. For 

example, the average responses to the last two questions are 8.58 and 8.90 respectively. As such we 

believe participants had good understanding of the questions and the tradable permit scheme scenario 

presented.
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The online experiment took seven days to complete.  In the final sample, 289 (70%) participants chose 

not to sell their car after responding to the graph sequences as a buyer. This group took approximately 

15 minutes to complete the questionnaire. 126 (30%) participants decided to sell their car, responding 

to graph sequences as both buyer and seller. This group took a longer duration, around 19 minutes, to 

complete the questionnaire as participants who decided to sell the car were shown additional 24 graph 

sequences.  The last two columns in Table 1 report the average responses of buyers and sellers 

respectively. 

4. Results and discussions 

4.1 Feasibility of tradable parking permit scheme

Tables 3 and 4 give the results of the matched pair Wilcoxon signed rank test on the pairs in Table 2. 

The 415 responses to the first set of graph sequences were used to test the hypothesis for sellers and the 

results are given in Table 3. A total of 126 of these 415 participants decided to sell their cars, and 

subsequently responded to the second set of graphical sequences. Their answers are used to test the 

hypotheses for buyers as given in Table 4. 

The tables show the results of 12 ceteris paribus pair comparisons of the four potential reference points 

that could influence the formation of WTA/WTP. For example, for buyer sequences 2 and 3, where the 

only factor that is different between the sequences is the current price, the elicited mean reference prices 

for buyers are RMB 91.13 and RMB 84.25 respectively. Dividing the difference of the mean reference 

prices of the two sequences by the difference between the two current prices (i.e., 100 – 60 = 40) shows 

the effect of a unit increase in the current price on the reference price. A matched pair sign test is then 

used to check if the differences found are significant. 

Table 3 allows all four factors considered affect buyers’ reference point formation. First, the three 

ceteris paribus pairs show that current price has a significant effect on the reference point. On average, 

reference price changes by 0.209, 0.472, 0.287, and -0.108 corresponding to one RMB increase in the 

parking right’s current price, average price, highest price, and lowest price, respectively. Second, the 
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average price has the largest unit effect (0.472), and the lowest price has the smallest unit effect on 

buyer reference price among the four examined factors. This is largely consistent with the findings in 

Baucells et al. (2011).  

The effect of these factors on seller’s reference point formation is weaker (see Table 4). Difference in 

two of the three pairs for the highest prices are not statistically significantly; the average effect size is 

smaller for all factors except for lowest price. Also, seller’s response to changes in lowest prices is 

different from that of buyers. The unit effect changes sign from negative to positive, indicating sellers 

are more responsive to historical low transaction prices of parking rights. 

Table 3 : Wilcoxon Signed Rank Test Results (buyer) 
Factor Pairs of sequences, unit effect and p-value Average unit effect

2 & 3 4 & 5 6 & 7
0.172 0.209 0.245 0.209

Current price
 

(<0.001) (<0.001) (<0.001)
1 & 20 21 & 22 23 & 24
0.670 0.417 0.329 0.472

Average price
 

(<0.001) (<0.001) (<0.001)
8 & 9 10 & 11 12 & 13
0.208 0.131 0.521 0.287

Highest price
 

(<0.001) (<0.001) (<0.001)
14 & 15 16 & 17 18 & 19
-0.122 -0.053 -0.148 -0.108

Lowest price

(<0.001) (<0.001) (<0.001)

Table 4: Wilcoxon Signed Rank Test Results (seller) 
Factor Pairs of sequences, unit effect and p-value Average unit effect

2 & 3 4 & 5 6 & 7  
0.136 0.167 0.206 0.169

Current price
 

(0.001) (<0.001) (0.021)  
1 & 20 21 & 22 23 & 24  
0.191 0.428 0.465 0.362

Average price
 

(0.077) (<0.001) (<0.001)  
8 & 9 10 & 11 12 & 13  
-0.015 -0.122 -0.007 -0.048

Highest price
 

(0.562) (<0.001) (0.812)  
14 & 15 16 & 17 18 & 19  

0.245 0.227 0.237 0.236
Lowest price

(<0.001) (<0.001) (<0.001)  
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We also adopt Baucells et al. (2011)’s regression method to further validate the relative influence of the 

these reference points on the reported WTA and WTP. The following regression model is estimated. 

 (3)𝑊𝑇𝐴𝑃𝑠, 𝑘 =  𝛽0 + 𝛽𝐶𝑃𝐶𝑃𝑘 + 𝛽𝐴𝑃𝐴𝑃𝑘 + 𝛽𝐻𝑃𝐻𝑃𝑘 + 𝛽𝐿𝑃𝐿𝑃𝑘 + 𝜖𝑠, 𝑘

The dependent variable is the reported WTA (for sellers) or WTP (for buyers), , for each 𝑊𝑇𝐴𝑃𝑠, 𝑘

subject, s, and price sequence, k. The independent variables are the four factors, namely, current price 

(CP), average price (AP), highest price (HP) and lowest price (LP). 

Table 5 summarises the results of the OLS regression model for buyers and sellers respectively. The 

regression model for buyers had 9,955 WTP observations from the 24 graph sequences of 415 

participants. Buyers give relatively high significant weights to average price (36.02%), current price 

(22.30%) and highest price (20.70%). The regression model for sellers had 2,947 WTA observations 

from the 24 graph sequences of 122 participants who decided to sell their car. Sellers give relatively 

high weights to average price (42.66%), lowest price (23.23%) and current price (17.29%). These 

coefficients are similar to the univariate estimates given in the last column in Tables 3 and 4.

Table 5: Regression analysis of reference dependence
 Buyers (n=9,955) Sellers (n=2,947)

0.2230*** 0.1729***Current price (0.021) (0.0209)
0.3602*** 0.4266***Average price (0.0451) (0.0448)
0.2070*** -0.0496**Highest price (0.0246) (0.0244)
-0.1200*** 0.2323***Lowest price (0.0267) (0.0266)
27.8693*** 15.1392***Intercept (2.9884) (2.972)

Note: ***p < 1% and **p < 5%.  Standard deviations in brackets. 

The results indicate participants see the parking right as a means to obtain a parking permit. As such, 

to be confident in securing the bid for a parking right, buyers in the experiment looked at the highest 
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price. In contrast, buyers of consumer goods would place weight on the lowest price to ensure utility 

from consuming the good is maximised. Such was the case for hotel room bookings in Viglia et al. 

(2016)’s study. On the other hand, Table 5 shows sellers placing greater weight on the lowest price over 

the highest price. As such, participants did not seek to sell the parking right at the highest price. To the 

sellers, who do not own cars, the parking right is treated as an exchange good. Consequently, the fact 

that sellers are currently endowed with a tradable parking right may not matter in reference point 

formation. To verify this finding, we proceed to test if endowment effect is significant in parking right 

pricing decisions. 

  

Using subsample of 126 participants who decided to sell their parking rights, we estimate Equation (1) 

by using current price, average price, highest price, and lowest price as the control variables. A Total 

of 5,894 observations are included in this analysis. We also created interaction terms between  and 𝐷𝑠

the control variables, because regression results in Tables 4 and 5 suggest that coefficient estimates are 

not constant between sellers and buyers for some of the control variables. The results are summarised 

in the ‘Buyer role first’ panel in Table 6. This is because the respondents answered questions for buyers 

first, and then questions for sellers after they decided to sell their car and parking rights.  It is possible 

that the sequence of questions affected the results. Specifically, if participants are asked to answer the 

seller questions first, they may be more prone to the endowment effect. To rule out this potential 

confounding effect, a separate experiment was launched where respondents are asked to answer seller 

questions first (i.e., the experiment scenario is that they don’t have cars), and then buyer questions (i.e., 

they later purchased a car). A total of 100 observations are collected, and the regression results are given 

in the ‘Seller role first’ panel in Table 6. 

In both experiments, the lack of endowment effect indicates parking rights were traded as exchange 

goods.  The coefficient estimate of  is negative and insignificant at the 5% level in both models2, 𝐷𝑠

2 Although the coefficient of  is significant at the 0.0925 level, this is quite marginal given the large sample 𝐷𝑠

size. With a sample size that is nearly 5,000, a coefficient should be significant at the 1% level to be considered 

as important. 
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indicating that there is no endowment effect in the sample. Thus, WTA does not exceed WTP. In effect, 

tradable parking rights are not hoarded, and the trading of permits is not inhibited by behavioural 

concerns, specifically, the endowment effect. Moreover, the coefficient estimates of the control 

variables and their interaction terms with  is consistent with the results reported in Table 5. This 𝐷𝑠

confirms the robustness of the conclusions on the relative importance of different factors on reference 

point formation. 

Table 6: Endowment effect

 
Buyer role first

(N = 5,894)
Seller role first

(N = 4,790)
Variable Coef. P-value Coef. P-value
Intercept 21.4724 <0.001 19.5694 0.0011

 𝐷𝑠 -6.3332 0.1606 -14.2724 0.0925
Current price 0.1956 <0.001 0.3073 <0.001
Average price 0.4445 <0.001 0.4231 <0.001
Highest price 0.1991 <0.001 0.1386 0.0050
Lowest price -0.1089 0.0001 -0.1239 0.0211

 Current price𝐷𝑠 × -0.0227 0.4740 -0.0481 0.4199
 Average price𝐷𝑠 × -0.0178 0.7934 0.0657 0.6075
 Highest price𝐷𝑠 × -0.2488 <0.001 -0.1515 0.0300
 Lowest price𝐷𝑠 × 0.3412 <0.001 0.3011 0.0001

The absence of the endowment effect can be explained by how parking rights are treated by participants. 

Analysis on reference point dependence revealed that participants viewed parking rights as an exchange 

rather than a consumer good, thereby explaining the insignificant coefficient estimate of . This 𝐷𝑠

finding supports Koszegi and Rabin (2006) theory that how a good is conceptualised, as an exchange 

or consumer good, moderate loss aversion for that good. Because exchange goods are only held for the 

purpose of resale, there is no emotional attachment to the good. In contrast, consumer goods derive 

value from utilisation and are not easily replaceable, thereby increasing attachment to the good 

(Novemsky and Kahneman, 2005). An individual is likely to find greater discomfort in giving up a good 

which he or she is emotionally attached to, leading to greater loss aversion in the case of consumer 

goods than exchange goods. Since parking rights were seen as an exchange good, any loss aversion on 

the seller’s part was reduced, or even cancelled out. This result bodes well for the feasibility of a tradable 
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parking permit scheme in reality since interpretation of the tradable good as a consumer good leading 

to hoarding is a concern raised in literature (Dogterom et al., 2017). 

The results from the two regression models and matched pair sign test provides optimistic evidence for 

a tradable parking permit scheme’s feasibility as part of a TDM strategy. A tradable parking permit 

scheme is a useful quantity control instrument and can be a policy alternative to Pigouvian pricing in 

transport. The finding that tradable parking rights are perceived as an exchange good contributes to 

existing work which emphasise the viability of tradable personal credits such as Brands et al. (2019)’s 

lab-in-field experiment on a design typology of tradable parking permits and mathematical modelling 

showing the efficiency of tradable permits (Yang and Wang, 2011; Zhang et al., 2011). 

4.2 Encouraging substitution of private cars with public transport

If tradable parking permit scheme is feasible, the next question is how to encourage people to participate 

in the scheme, and ultimately, minimize their use of private cars. If more residents are using public 

transport, the supply of parking rights will exceed the demand. This will lead to cheaper parking cost 

and smoother transactions. In our experiment, after making 24 rounds of hypothetical trading decisions, 

about 30% of the participants decided to give up their cars and use public transport instead (see Table 

7). It seems that the parking permit trading experience helps them to have a better understanding about 

the financial and procedural cost of owning a car. We also explore ways to further improve the scheme’s 

effectiveness in encouraging the switching to public transport, as outlined below. 

We first investigate whether social comparisons in the context of the workplace, residential area and 

kinship affects the decision to sell the car differently from the control where no social comparison is 

made. 101 observations were collected for the control, 108 for colleagues, 106 for neighbours and 100 

for family. A Wald test of equal proportions was conducted comparing the difference in proportions 

between the control, and colleagues, neighbours and family member groups. In all three tests, the null 
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hypothesis that there is no difference between proportions fails to be rejected.  The results can be found 

in Table 7. 

Table 7: The effect of social comparison (Wald test of equal proportions)

Sell car = Yes

Wald Test of Equal 
Proportions 

(H0: P1 - P2 = 0)
Group

Number 
of Obs. N % Z P-value

Control 101 32 32% -- --
Colleagues 108 39 36% 0.68 0.50
Neighbours 106 25 24% -1.30 0.19
Family members 100 30 30% -0.26 0.80
Total 415 126 30% -- --

We run further analysis by regressing the decision to sell one’s car as the dependent variable on both 

social comparison and environmental consciousness factors. Because the dependent variable is binary, 

logistic regression method is adopted.  This approach allows us to isolate the net effect of both social 

comparison and environmental consciousness factors. 

The independent variables consist of social comparison, socio-demographic and environmental 

consciousness factors.  Three dummy variables are created for colleagues, neighbours and family 

members. Participant socio-demographic characteristics are also considered by including gender, 

annual income, education level, age and their personal view about the importance of private car. 

Environmental consciousness is measured by 10 questions asking about participant’s lifestyle habits. 

Participants were asked to rate, on a scale from 1 to 5, the extent to which they practiced 10 habits 

adapted from Understanding Society’s (The UK Household Longitudinal Study) environmental 

behaviour module. The following questions were asked: how often do you (1) leave your TV on standby 

for the night; (2) keep the tap running while brushing your teeth; (3) switch off the lights in rooms that 

are not being used; (4) put on more clothes when you feel cold rather than putting the heating on or 

turning it up; (5) decide not to buy something because you feel it has too much packaging; (6) buy 

recycled paper products such as toilet paper or tissues; (7) take your own shopping bag when shopping; 
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(8) use public transport rather than travel by car; (9) walk or cycle for short journeys less than 2 or 3km; 

(10) take fewer flights when possible.  Questions (1) and (2) present environmentally unfriendly habits 

and are coded as: 5 = never; 4 = not very often; 3 = quite often; 2 = very often; 1 = always. Questions 

(3) to (10) ask about environmentally friendly habits and are coded as: 5 = always; 4 = very often; 3 = 

quite often; 2 = not very often; 1 = never. Two environmental consciousness score, transport-related 

(i.e., questions 8 – 10), and non-transport-related (questions 1 – 7), are calculated by averaging the score 

of relevant questions.  The name, definition, and descriptive statistics of these variables are reported in 

Table 7. 

Although the Wald test of equal proportion for control and neighbours was insignificant, once other 

variables were controlled for in the logistic regression model, at a 10% significance level, individuals 

among neighbours who decided to substitute cars with public transport more than half as likely to sell 

the car (Odd ratio = 0.52).  This could indicate that Chinese participants do not see social comparisons 

as representing embedded social norms. When participants learned that their neighbours sold their cars, 

they believed there will be more parking spaces available, and hence more likely to keep their cars. 

Instead of a social hint, social nudge information used in the experiment was treated as pure market 

information.  

This conclusion runs counter to findings of social nudges from neighbours encouraging more 

environmentally friendly practices (Allcott and Rogers, 2014), nor did it increase the likelihood of 

adoption of the environmentally friendly option (Brandon et al., 2017). There are also other evidences 

showing that nudges should be used with caution, because they do not always work (Kacha and Ruggeri, 

2019), and sometimes even backfire (Peth et al., 2018). Perhaps in the cultural context of Chinese 

participants, social pressures towards more sustainable lifestyles are not embedded social norms. How 

culture affects attitudes through social nudges is beyond the scope of this study and is an interesting 

and important area for future research.  The policy implication of the ineffectiveness of social nudges 

in leading to voluntary substitution of car ownership with other modes of transport is that other sources 

of extrinsic motivation should be considered. Dubois et al. (2019) finds that households will give up 

Electronic copy available at: https://ssrn.com/abstract=3436010



23

their private car only if they are forced to do so. This is because giving up car ownership involves a 

significant lifestyle change, in which other extrinsic motivation could play a significant role. 

The effect of environmental consciousness on the decision to sell the car is also tested by the logistic 

regression model in Table 7. The transport-related environmental consciousness index has a stronger 

impact and is more statistically significant than the non-transport-related ones. After controlling for 

other factors in the model, every point increase in the participant’s transport-related environmental 

consciousness (as measured by a 5-point index), increases the likelihood of deciding to sell the car by 

1.87 times, and the effect from non-transport-related environmental consciousness is 1.52 times. This 

finding is consistent with empirical finding in literature showing a positive correlation between 

environmental awareness and responsibility, and the adoption of electric vehicles (Nordlund et al., 2018; 

Westin et al., 2018). As such, intrinsic norms are important in increasing the substitutability between 

private cars and non-single occupancy vehicles. This is consistent with the findings in Westin et al. 

(2018), where social norms (i.e., extrinsic motivation) do not affect electric vehicle adoption, while 

personal norms (i.e., intrinsic motivation) is the most important factor influencing electric vehicle 

ownership.  

It is possible that environmental awareness moderates the effect of social nudges because 

environmentally focused attitudinal factors are important for norm activation (Nordlund et al., 2018). 

For example, more environmentally conscious individuals may be more likely to be nudged to switch 

to public transportation. We create interaction terms between environmental consciousness indices and 

the three social nudge dummies to take into account this potential effect. However, all six interaction 

terms are not statistically significant at any conventional level. The results are not reported here for 

brevity, but available upon request. 

In summary, the effectiveness of tradable parking permit schemes in reducing overall car ownership 

will be improved by raising environmental awareness.  The consciousness and responsibility of 

environmental degradation from daily habits and consumption to motivate pro-environmental lifestyles 
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is crucial to increase the positive cross-elasticity of demand between private cars and public transport. 

For example, investment in building quality public transport lowers the barrier to internalise 

environmentally friendly lifestyles since public transport is seen as a reliable alternative to private car 

ownership (Zhang et al., 2016). Between social nudges, and intrinsic motivation, the findings in this 

paper lends support to transport policies in China that builds values, beliefs and personal norms to 

inculcate a sense of responsibility of environmental consequences of one’s actions to encourage pro-

environmental behaviour such as reduced car ownership.
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Table 8: The effect of social comparison and environmental consciousness (Logistic regression)
Category Variable name Definition Mean SD Min Max Coef. P-value Odd Ratio

Dependent 
variable

Decision to sell =1 if yes, 0 otherwise 0.30 0.46 0 1

Colleagues =1 if compare to colleagues, 0 otherwise 0.26 0.44 0 1 -0.05 0.88 0.95
Neighbours =1 if compare to neighbours, 0 otherwise 0.26 0.44 0 1 -0.66* 0.08 0.52

Social 
comparison

Family =1 if compare to family members, 0 otherwise 0.24 0.43 0 1 -0.21 0.55 0.81
Gender =1 if male, 0 otherwise 0.66 0.48 0 1 0.08 0.77 1.08

Importance of car = 1 to 5, with 5 being the most important 4.15 0.80 1 5 -1.14*** 0.00 0.32

Socio-
demographic

Income = 1 if below RMB 60,000
= 2 if between RMB 60,000 and 69,999
= 3 if between RMB 70,000 and 79,999
…
= 12 if between RMB 160,000 and 170,000
= 13 if above RMB 170,000

8.63 3.82 1 13 -0.05 0.13 0.95

Education = 1 if not finished high school
= 2 if high school
= 3 if current college student
= 4 if bachelor’s degree
= 5 if master’s degree
= 6 if doctoral degree

4.01 0.84 1 6 0.50*** 0.01 1.65

Age =1 if 18 - 30  
=2 if 31 - 40
=3 if 41 - 50
=4 if 51 - 60
=5 if over 60

1.74 0.66 1 5 -0.44** 0.03 0.64

Non-transport-
related

= 1 to 5, with 5 being most environmentally 
conscious

2.90 0.77 1 5 0.42* 0.05 1.52Environmental 
consciousness

Transport-related = 1 to 5, with 5 being most environmentally 
conscious

3.48 0.65 1 5 0.63*** 0.00 1.87

Note: ***p < 1%, **p < 5%, *p < 10%.
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5. Conclusions

Parking policy can be influential as a transport demand management strategy. In response to car 

ownership becoming more ubiquitous and the environmental effects of emissions becoming 

increasingly pronounced, we conducted a lab-in-the-field experiment to test the feasibility and 

effectiveness of a tradable parking permit scheme in addressing these issues. Empirical evidence 

suggests that such a scheme is feasible and effective, because parking permits were treated as an 

exchange good. Thus, there is no endowment effect inhibiting trading. This was empirically shown 

where the weight given by buyers and sellers in reference point formation points towards the absence 

of loss aversion among participants, explaining the lack of the endowment effect.  We also find that a 

tradable parking permit scheme is most effective in switching decisions when an individual has a high 

level of internalised norms regarding the negative environmental impact of habits. 

Our finding suggests that the prospect of tradable parking permit scheme is promising, at least in China 

where we conducted the experiment.  At the end of the experiment, respondents were also asked to 

indicate the likelihood for them to participate in a tradable parking permit scheme in future. On the 

scale from 1 to 10, the average response to this question is 7.73, which indicates strong interest in such 

a scheme.  The next step should be running randomised controlled trials or conducting pilot studies in 

similar cities, so that field data can be collected to validate our lab-in-the-field evidence. 

The finding that Chinese participants treated neighbour peer effects as market information, resulting in 

a greater likelihood of keeping the car in a tradable parking permit scheme when neighbours sold their 

cars, should not be seen as a limiting factor on the scheme’s effectiveness. Instead, it reveals two 

important future research directions. First, we tested only three specific social nudges in this study. 

There are plenty of other candidates to be considered. Nudges are context-based by nature. Effective 

nudges in other domains, such as default setting for pension scheme participation or reciprocity 

messages to encourage organ donation, do not necessarily work in transport management. More 

research should be conducted to further explore the role of social norms in transport decisions. Second, 

while tradable parking permit schemes empower users with more information about the market, the 
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products, and the participants, it also brings about new challenges. It is not obvious what information 

will be used, and in what way. In our study, we use neighbour’s decision as a social nudge, yet our 

respondents used it as market information instead, resulting a ‘backfired’ nudge effect. Policymakers 

needs a better understanding of users’ behaviours before rolling out a tradable parking permit scheme. 

This is another area that begs for further research, and field studies in particular.  

We adopted the lab-in-the-field approach in this study in order to obtain evidences as close to the field 

as possible. This is achieved by utilising the largest online panel data platform, Amazon MTurk. 

Nevertheless, the platform is not suitable for conducting real trading games or experiments where 

participants can exchange parking rights between each other and for multiple times, such as in the 

experiment design in Brands et al. (2019).  Results with greater accuracy could be generated if trading 

reflecting the competitiveness of the parking rights market between participants in real time is 

conducted.  This could corroborate the finding of parking rights being treated as an exchange good since 

there are few empirical studies on the conceptualisation of traded credits. 
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