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Abstract 

The congestion of on-street parking places in the core of  metropolitan areas has attracted 
considerable attention in recent years. Low fares may result with an over consumption of 
this public good and result with a wide range of negative impacts such as the reduction of 
accessibility, deteriorating of the local air quality, extra vehicle miles travelled and increased 
traffic jams. Parking pricing is hence an important and common urban planning problem. 
However, a methodology framework for evaluating the impacts of on-street parking pricing 
is still lacking. The impact of pricing needs to be explored systematically and empirically. 

The principle aim of this thesis is to develop a systematic approach for evaluating the 
impacts of on-street parking pricing and attain concrete knowledge from the application of 
the proposed method for a case study. The project will utilize ticketing machine data and 
combine it with car floating and parking supply data. The method used in this work has the 
potential to be applied to various urban areas that utilize a similar ticketing machine system.  

The outputs of the case study function for supporting future design of on-street parking 
pricing in Stockholm. Results show that the on-street parking demand is relatively inelastic 
as a response to pricing change. The estimated own-price elasticity ranges from -0,17 to -
0,29; and the cross price-elasticity is estimated to range from 0,13 to 0,20, for different 
street types and time-of-day periods. Raising the price leads to a significant reduction in the 
average parking duration, which contributes to a parking congestion relief. Moreover, the 
results indicate that the pricing policy affects trip scheduling and yield a more balanced 
utilization of the available parking supply through the day. 
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1 Introduction 

1.1 Background  
Parking places share one common characteristic: the ability to accommodate a vehicle at 

the end of an auto-based travel [1]. There are various parking facilities existing, including 

the on-street parking, multi-story parking slots, parking stations, park-and-ride facilities and 

traditional parking. These facilities are associated with different features. On-street parking 

was previous called the curb parking in the literature that was conducted in the first half of 

1990s [2]. In modern days the terminology on-street parking is widely accepted. On-street 

parking places share certain amount of surface spaces with general traffic. Multi story 

parking is the off-street parking facilities. Parking stations provide large capacities. It could 

be implemented in the Central Business Area of a metropolitan [3]. Park-and-ride is inter-

modal facility that connects auto-based trip with public transport (such as rapid transit 

system or railway system) [4]. Traditional parking is a type of parking facility that provides 

private space of parking in the residential housings [5] [6]. One property that discriminates 

on-street parking from other types of parking facilities is that on-street parking takes on-

road spaces and is generally priced cheaper [2]. In recent years, the efficient utilization of 

on-street parking places has been heatedly discussed by urban planners. Right pricing 

scheme is expected to play a role in achieving this target. 

Parking pricing belongs to road pricing. Road pricing is an important policy instrument in 

transport planning [7]. It may be introduced as congestion charging or as parking pricing [8]. 

Congestion charging was a successful pricing implementation with the laudable aim of 

pressing down negative impacts associated with road transport. Singapore Electronic Road 

Pricing system and the Stockholm congestion charging could be such examples. A cost 

benefit analysis reported that Stockholm toll system works for enhancing social welfare 

increase and fostering sustainable transport [9]. However, as another form of road pricing, 

on-street parking fee’s impacts on parking choices, travel behaviour and environmental 

aspects receive much less analysis. 

Parking pricing and congestion charging play the roles in different sectors of an auto-based 

travel. Congestion charging is realized by placing toll stations at critical locations in the 

entrance of the inner city. The toll increases cost of the travel and help shift route choices, 

therefore prevents over-congested urban networks. Working differently, parking pricing is a 
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1.4 Limitations 
The accuracy of estimation results depend on the quality of raw data. The floating data 

collection is conditional on weather conditions, traffic regulation in the city in typical days. 

The collection of ticketing machine data is not able to cover all vending machines with 

limited time duration of the thesis work. Performing a better data collection on the above 

mentioned points expect to improve the outcomes of the work. 

2 Literature review 

2.1 Methods for analysing parking  
Scholars analysed the functions of the on-street parking fees for two decades. At the first 

half of the 1990s, the emphasis was on pricing the parking places in downtown area to 

reduce traffic jams [10] [11]. In recent years scholars start to focus on the benefits that an 

appropriate designed on-street parking pricing programme will bring into transport [12] [1] 

[13] [14]. Shoup has concluded that Cruising traffic and administration costs generated from 

the under-priced parking are to be addressed in case that the optical occupancy is obtained 

with the supporting of right pricing [2] [12]. After that, a few more researchers highlighted 

the advantages of an efficient on-street parking system on guaranteeing traffic safety [13], 

improving traffic performance [14] and adjusting spatial temporal variations of demand 

sensitivity [1] [15]. Several studies have used econometric techniques by revealed 

preference data to directly analyse the on-street parking demand in response to pricing 

changes [1] [15], but the overall literature tackling on-street parking responsiveness to the 

pricing changes are still scant in the aspects of number of studies and context differentials. 

The systematic methodology is absent with lack of evaluation about on-street’s parking 

impacts on travellers, infrastructure, traffic management and urban development. 



4 
 

2.2 Pricing elasticity  
Elasticity is an important measurement for understanding the impacts of certain quantities 

towards demand (supply) [16]. Pricing elasticity is the indicator to reflect the sensitivity of 

traveller’s parking demand change as a response to the pricing change. Marsden presented 

a holistic review of the impacts of supply, pricing, etc. on parking management. The general 

value of parking pricing elasticity at -0.3 has been the most cited value with the range from -

0.1 to -0.6 [17]. The figure -0,3 implies that an increase of price by 1% will lead to a decrease 

of demand by 0,3%.  

Ottoson et al [15] directed an empirical study in one American metropolitan, Seattle, to 

discuss how the on-street parking demand, measured by the occupancy rate in the block 

level, was reacting to the pricing modifications and how performance-based pricing can be 

adjusted to achieve an optimal utilisation condition. Main conclusions were stated that 1)  In 

the increased rate area the value was -0,40 at the mean with a range from -0,17 to -0,92; 2) 

Parking occupancy was inelastic during the noon time and turned out to be sensitive at 

16:00 PM of the day; 3) Complementary measures should be implemented besides a pricing 

change. Additionally the study concluded that performance-based pricing strategy, a time-

variant pricing scheme, works efficiently in peaking hours. 

Kelly [1] presented the study of commuters’ responsiveness to a general fare increase 

implementation based on ex ante and ex post data collection. It is one of the studies that 

emphasize on temporal variations of the demand response. The study area was selected at 

an area in the commercial core of Dublin. Average pricing elasticity was calculated at -0,29. 

The temporal variations indeed existed by time periods and people’s economic behaviours 

at particular days (a shopping night event in Thursday of Dublin). However, the 

methodology for estimation is arguable because the author was regarding the natural 

logarithm of the relative change of demand as the dependent variable, which produced a 

quantitative relationship indicator that is not standing in line with the traditional definition 

of pricing elasticity.  

In another recent study [3] calculated the pricing elasticity for parking stations associated 

with varied distances to the centre of CBD in Sydney, Australia. A critical difference of this 

work compared to the mentioned ones is that SP paradigm was utilised. The author looked 

explicitly into the commercial core of the city. Reported values showed that very central of 

the CBD appeared not to be the most pricing-sensitive place with the elasticity value at -

0,54. However, as a comparison, elsewhere in CBD had the elasticity at -1,04, the highest 
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magnitude within the selected studied region. As the SP data was the fundamental source of 

the research, the effect of pricing has the risk to be exaggerated in relative to real terms. 

This is caused by the very natures of SP and RP paradigms.  

2.3 Affecting parking-related behaviour 
Parking price influences the travel behaviour through affecting the mode split [18], car 

ownership [19], relocation of parking places choices [3]and shift of departure time from the 

travel’s origination [19]. A range of previous scholars pointed out that pricing would change 

people’s travel behaviour in both short and long terms. The impacts have been found to be 

present in dense, popular metropolitan area and require pricing scheme be planned with 

enough deliberation.  

Hensher [3] had a main insight into the parking relocation problem due to pricing changes. 

In his work, the places that drivers decide to park and the spatial distance from the parking 

location to the CBD were combined as the particular hypothetical parking options. The 

choices of driving and parking close to CBD, driving and parking elsewhere in CBD and 

driving and parking at fringe of CBS were in the same nested structure, and are separated 

from the choices of parking outside CBD, using public transport and not travelling. The 

evidence from the model estimation results was informative. Pricing in CBD raised the share 

of public transport usage. A modification of pricing scheme takes the role in relocating 

therefore it could function as policy instrument to plan a local traffic.  

Parking pricing and regulations play roles in shrinking automobile use. A cost-recovery 

pricing (in which users finance facilities) reduces vehicle travels by 10% to 30% [16]. Based 

on a survey study directed by Kuppam [20], 35% of the automobile commuters had the 

strong willing to shift to other modes while the daily parking fees were replacing the 

previous free-fare mode in urban and suburban areas. Beside the benefit of eliminating 

auto-oriented commuting, the increase of parking pricing brought in environmental merit by 

pressing down carbon footprints [2]. Bearing these advantages in mind, however, one 

scholar criticized that the conditions of over consumed on-street parking in the core parts of 

the city and the caused problems by cruising traffic, extra vehicle miles travelled and traffic 

safety are still not completely solved by urban planners [16]. 

Tsamboulas [18] applied nested logit model to understand the decision making process of 

the drivers in reference to the parking locations and car ownership. Individual choice 

modelling was the tool for the analysis purpose. A case study in the Capital of Greece was 

directed and makes the changes of modal splits and care ownership change predictable due 
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to a parking pricing updating. The prediction of the changes in car use and parking location 

shift were valuable suggestions for policy design. 

Kelly [21] presented a study to examine whether there was a varied impact of pricing on 

targeted groups of different trip purposes. The strength of impacts of pricing depended on 

certain “thresholds” of some social-economical attributes of the driver group. This study 

started from an interesting angle on identifying the trip purposes and observed a 

progressive gap of demand sensitivities between two groups of users when parking charging 

increase in different stages. A second contribution of the literature is that non-business 

users appeared to be more likely to change parking behaviour than business group. The 

main technique used in the study was the stated preference transport survey aiming at 1007 

on-street parking customers. The occupancy level was obtained by querying survey 

participants’ proposed parking frequency towards the updated pricing scenarios.  

Parking turnover rates, duration and the revenue generated by ticketing machines have 

been examined by limited amount of literature. Ottoson [15] figured out that average 

parking turnover in the increased rate area experienced the most decrease in the typical 

week day. He also found that average parking duration had the tendency to decline when 

the pricing was raised up in his studied area. The relationship between pricing and revenue 

did not exhibit a uniform pattern. Kelly [1] treated six-day average of 6-week total parking 

events at four time periods of the day as the turnover rate in his study. He found that 

average parking duration and the turnover rate decreased by 16,5% and 4,18%, respectively, 

facing  50% general increase of pricing. These two projects are the only ones that involved 

an examination of on-street parking behaviour indicators in the form of duration, turnover 

rates and revenues in recent literature. 
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2.4 Parking pricing policies 
Marsden summarized three frequently considered and also conflicting objectives of parking 

pricing policy 1) regenerating specific parts of urban areas 2) using parking controls to 

restrain vehicle traffic and improve environmental quality 3) securing sufficient revenues for 

recovering operation cost or funding other social entities [17]. These interrelated objectives 

are illustrated in Figure 1. A reflection of the summary is that the parking pricing is highly 

connected to urbanisation. 

 

Figure 1 Multiple objectives in parking regulation 

Shoup conducted a discussion about cruising in terms of the causes, the extraneous impacts 

of cruising phenomenon and potential elimination approaches [2] [12]. In one of his 

research [12], Shoup combined historical records and showed that the proportion of cursing 

traffic in the general traffic flow existed and ranged from 8% to 74%. The average cruising 

time for drivers was 8,1 minutes per day. The main reason that makes the slots congested 

and not accessible, as Shoup concluded, is the under-pricing of the places.  

In another research of Shoup [2] presented the negative consequences of cruising traffic. 

These negative points include unnecessary miles travelled, increased walking distance and 

deteriorated environments. It might be the first research that discusses the possibility of 

controlling cruising traffic through the manner of pricing. The work pointed out that 85% 

occupancy rate is ideal for eliminating cruising because parking will always be available if 

motorists are willing to pay for it under that figure [Figure 2]. Shoup [2] predicts the benefits 

restrain vehicle 
traffic; improve 
environmental 

quality  

sufficient 
revenues  

regenerating 
urban areas 
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of rightly pricing. The benefits include the shift of modes, the shift to off-peak hours from 

rush hours which make a balanced utilization of the infrastructure and the shrinkage of car 

ownership.  

 

Figure 2 The illustration of cruising due to insufficient vacancy (left: cruising with under-priced charge; right: 

15% vacant places with right charge) [12] 

A stretch of literature was aimed at identifying an optimal pricing scheme for enhancing 

welfare. Luca’ work is of the researches [13]. The paper gave rise to a methodology of 

determining the price design based on the Origination-destination information. The paper 

stated that the Origin-Destination Parking Pricing (ODPP) was no worse than the Destination 

Parking Pricing (DPP). An objective function was formulated to describe the goal of 

optimization of this parking pricing. The composition of the objective function is meaningful. 

It consists of the operational net costs of transit system, local administration, user costs and 

external costs. The paper also raised an important statement that the parking pricing should 

be higher for the zones that are served with well-performed public transport to force the 

travellers ride the public transport. The motivation of this expectation is that PT is majorly 

substituted by the society. 

Modelling the interaction of parking activities and the traffic congestion were the central 

interests of Glazer [11] and Arnott’s works [10]. They shared the strategy by modelling the 

dynamic inflow and outflow with a pre-defined objective function to be minimized.  

2.5 Improving traffic flow performance 
In recent years, there is a raising trend of studying visual and physical impacts of congested 

on-street parking places on driving behaviours via traffic simulation. Edquist et al [13] 

applied the traffic simulation tool to evaluate the contributions of On-street parking and 

road environment visual complexity to higher risk of crashing and deteriorating the surface 

traffic safety. The project introduced scenarios of on-road visual complexity in a 
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combination of on-street parking load and street types into simulation, and reported that 

the lower level of visual complexity was associated with the travel speed which approached 

the design value, lower speed variation and less fatigue for the drivers. 

Sugiato’s [14] study examined the impacts of on-street parking facilities on the travel speed 

and capacity of the road segment based on video camera data by peak hours of the working 

day. Simulation with VISSIM showed that the removal of the on-street parking helps reduce 

the average delay of the traffic participants in the study slot.  

2.6 Parking data collection  
There are three accessible data sources that function as the basics for tackling parking-

related research questions. These data sources include revealed preference data, stated 

preference data and manual count. In the following we will have an overview of these data 

sources and their advantages and disadvantages in parking research. 

Revealed preference (RP) data have been chosen as the data basis for understanding 

travellers’ parking decision making and parking behaviours in several previous studies. RP 

data corresponds to the empirical evidence and records of traveler’s actual choices. RP data 

is more reliable  source than SP data because it reflects traveler’s preferences and 

constitutes a historical record. With the help of technology, RP data can be obtained more 

economically and efficiently. In analyzing the impacts of on-street parking pricing scheme, 

Ottoson [15] and Kelly [21] have assembled RP by extracting the transaction data from the 

paying machine system. However, to the best knowledge, these researches are also the only 

cases in the available literature that used the RP from massive data in the paying machine 

system for analyzing on-street parking pricing’s impacts. The limitation of RP is that it could 

not include responses to presumed scenarios because RP comes from travler’s past choices 

SP data is collected by surveys that are offering scenarios with a friendly design. SP surveys 

are handled in the forms of mails [3], on-street surveys [22] or interviews [23]. SP survey 

participation is mostly voluntary. An example of computer-aided SP interview is as Figure 3 

shows. SP data is advantageous at its capability of collecting interviewees’ responses to 

hypothetical policy scenarios, a perspective that RP data cannot compensate (because RP 

data obtains relevant information from individual’s real choices). 
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Figure 3 Parking choice SP [25] 

Manual count could be regarded as one of the most reliable survey method because it 

captures the real information of traffic. Film data has various forms in traffic engineering, 

incuding licence plate machining, floating car method and so forth. Filming the on-street 

environment by floating car or CCTV could be the options of capturing the real conditions of 

on-street parking places [Figure 4]. Previous work shows one application  that the manual 

survey based on filming the on-street environment was used to calculate the cruising time 

and the share of vehicles that experience cruising in searching for alternative parking places 

on a daily basis [12]. However, no previous study reported using film data for capturing on-

street parking demand. The drawbacks of film data is effort and time-consuming to collect, 

and the volume of data obtained by filming is limited; therefore it might be better to 

integrate film data with other less time-consuming data assembling techniques for 

producing the intersted attribute. 

 

Figure 4 Film data from the floating car (inclusive of the information of dates and time) 
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Parking demand has several alternative measures. The parking demand can be represented 

by an absolute count of vehicles [3], frequency of parking at the same location [3], or an 

occupancy rate [1] [15].  

The most commonly used technology for observing the on-street parking information is the 

license plate recording method [24].  An observer walk through the particular route in 

regular time intervals and write down the license plate number of vehicles that park at the 

on-street parking places. License plate matching allows seeing whether the particular 

vehicle parks for one time interval, two time intervals or more and identifying the number of 

illegal parking and the duration of illegal parking. However the working efficiency of this 

manual observation method is low, expected up to 60 spaces every 15 minutes [24].  

In modern times, a new technology for observing the parking demand happening in the city 

comes to vision. The ticketing machines are becoming popular and more accepted for selling 

on-street parking tickets and collecting fares in the city systems [Figure 5]. An additional 

functionality of the ticketing machine is that the transaction details are recorded in tabular 

formats, which provides a great opportunity to investigate drivers’ actual parking 

behaviours by multi-entry-based data analysis. A problem associated with this manner of 

management is that illegal parking might happen because there is no manual control and 

supervision of on-street parking places equipped with ticketing machines. The only two 

literatures that successfully explored the potential of ticketing machine data have not 

addressed the issue of illegal parking and have not taken any adjustment measurements [1] 

[15]. 

 

Figure 5 Ticketing machine for on-street parking, Stockholm 
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2.7 Summary 
In the sphere of evaluating the impacts of on-street parking pricing scheme, the policy 

potential of pricing schemes is highly expected, but the systematic approach for proposing 

and evaluation alternative designs is absent. Most of the research tackles from an 

explorative approach and do not present a framed and flexible methodology that can be 

adjusted to other contexts. Empirical evaluation of the impacts of on-street parking pricing 

based on in-quantity data is merely seen in the literature. This is due to the facts that the 

manually collecting revealed data is time-consuming and of limited spatial and temporal 

coverage. The birth and application of ticketing machines in the sector of on-street parking 

provides a cost-efficient route for collecting massive data. Building on this gain, this research 

attempts to give rise to a systematic approach of evaluating the impacts of on-street parking 

pricing scheme based on ticketing machine data. The results acquired in the case study will 

be compared to the already-obtained knowledge in previous works and enrich the pool of 

on-street parking related literature. 
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3 Methodology 

3.1 Data collection 
The data sources of on-street ticketing machine transactions, on-street films from car-

floating and on-street parking supply are to be used in this study. In the following will 

introduce the natures , characteristics and delimitations of these data sources. 

3.1.1 On-street ticketing machine transactions 
Ticketing machine transactions are able to document a rich and detailed information about 

travellers’ purchasements of on-street parking service. The most important data involved 

are the Giltig från (valid from), Giltig till (valid until), Belopp (payment), Card Number, and 

Tid (duration of the validation). Hence after, along with these columes, the tickeing machine 

transactions provides the information of drivers’ arriving time slot and legal departuing time 

slot, as long as the payment that drivers afford to the service.  A snapshot of presence of the 

transaction is shown in [Figure 6]. Ticketing mahcine transactions are treated as the RP data 

sources  because they are the documentations of real happened trades. 

 

Figure 6 Parts of a ticketing machine transaction data file1 

3.1.2 On-street films from car floating 
The film data is collected by the floating car that is equipped with a digital camera. The living 

scenes of the on-street environment are then recorded in the tapes that can be viewed and 

processed later in other media. The floating car is equipped with data logger and GPS 

system that automaticly logging the time, positionf of speed. Routes that the floating car 

will traverse is pre-determined. The regulatory of deciding the routes is covering the blocks 

of whom we are interested to investigate the on-street parking demand. 

                                                           
1 The headers are valid from, valid until, paying method, card number, card provider, payment value, 
fee amount (is ignored in this study), fee type, currency and ticket number. 
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3.2.1 Processing ticketing machine data 
The raw data will produce the demand indicator and parking performance indicators. A 

customized programme will be used to draw the accumulation profile of the parking 

demand based on the ticketing machine data. The scheme is coded in a Matlab environment 

and is capable of generating the accumulation profile in both the aggregated street-type-

level and the disaggregated block-level based on the ticketing machine data from multiple 

monitors. The raw data is also used to produce the statistics of the parking performance 

indicators through Excel and R. 

3.2.2 Estimating the parking demand indicator after integrating car floating and 
supply data 

Occupancy rate takes the role of demand indicator. The occupancy rate is calculated by 

dividing the number of vehicles parked with the supply in the observation period [24]. The 

major characteristic that differentiates the occupancy rate from the number of parked 

vehicles is that occupancy rate takes the supply into consideration. Occupancy rate shows 

the unitization of the resource rather than a simple count of the happened trades.  It fits the 

inner city environment where on-street parking places are of limited vacancies and as well 

highly required. Another strength that occupancy rate brings is that the curve of occupancy 

rate in the time dimension is the continuous accumulation profile so that the peak demand 

across the day could be easily identified. As far as the demand is represented by occupancy 

rate, the demand responsiveness change and variations will be the change and variation of 

the occupancy rate. Previous literature presents several case studies in which occupancy 

rate was used as the demand indicator rather than the number of vehicle parked [1] [15] 

[25]. 

The calculation of initial occupancy rate is: 

 

Equation 1 

Where 

 is the demand level represented by occupancy rate, calculated at time moment  at 

block ; 
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3.2.3 Before-after studies of parking performance indicators 
For both the before and after periods, the outputs of the parking indicators are achieved by 

applying the above mentioned methodological framework. The before-after study focuses 

on the pattern changes of demand indicator and performance indicators. The study will 

examine whether the travellers are adapting and modifying parking behaviours (if any) in 

line with citywide increase of the on-street parking pricing. 

The summary of the performance indicators are conducted based on the ticketing machine 

data. The performance indicators are not applied the weight factors. The variables of 

turnover rates, average parking duration, revenues and entrance time are selected for 

explaining travellers’ parking preferences.  Note that the performance indicators are 

accounting for the daily basis, inclusive of day period and night period. Handling it in this 

way will yield the performance indicators that are comparable with the outputs in previous 

studies. 

3.2.3.1 Turnover rates 
Turnover rates are the number of different parked vehicles in a time period of interest. It 

shows the level of reachability of parking slots. Lower turnover rates in high occupancy rates 

indicate that the shifts of drivers are infrequent. Higher turnover rates present a more 

accessible parking slot and more frequent exchange of the vehicles. The formulation is 

adapted from Roess’work [24].  

 

Equation 2 

Where   parking turnover rates, veh/place/day 

 = total number of parked vehicles, vehicles 

 = parking supply 

 = duration of the study period, days 

3.2.3.2 Average parking duration 
Duration is the time one vehicle spent in the parking slot. Based on the duration each 

individual car takes, the average duration can be calculated for representing the mean 

length of parking. Average parking duration is computed as 
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Equation 3 

Where   = average parking duration, hours 

 = number of vehicles parked for a time duration of , vehicles 

 = duration, hours 

= total number of parked vehicles observed, vehicles 

3.2.3.3 Revenues 
Revenues are the benefits by extracting the operation costs from the fee income. A cost 

benefit analysis will clearly present financial statue of the on-street parking system. As the 

operational cost of the ticketing machine system is negligible, the income is hence more 

emphasised in this study. The appraisal of the financial condition of the whole parking 

system is not within the scope of this work. 

3.2.3.4 Entrance time 
The entrance time is the specific time slot in which vehicles arrive at parking places. It could 

be presented in the form of a temporal distribution, as the example profile shown in [Figure 

10]. The distribution is of valuable information to reflect travellers’ scheduling of their trips. 

 

Figure 10 Distribution of entry times to West Oakland Park-and-ride station [4] 

3.3 Modelling pricing elasticity 

3.3.1 General information 
In the last stage, we will investigate the impacts of pricing on demand by estimating the 

pricing elasticity. Although a before-after comparison of the parking indicators is informative 
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in presenting parking behaviour changes due to the pricing updates, it is still essential to 

have knowledge of the sensitivity of demand towards the pricing. This output, however, is 

useful in understanding the significance and magnitude of the effect that pricing brings to 

on-street parking demand.  

Own price elasticity and cross elasticity are two widely exercised indicators. Own price 

elasticity is the sensitivity to the price of the service or good itself [26]. The formulation 

follows , In which  and  represent the base values 

of quantity and price, and  and  represent the relative change of quantity and price. 

The elasticity is interpreted as a proportional change. An elasticity at -0,3 tells the 

information that increasing the pricing by 1 percentage, the demand will drop 3 percentage 

as a response. Cross elasticity measures the response of one good’s demand towards a price 

change in another good. A positive cross elasticity is presumed because of a competing 

relationship of options. In some cases, negative cross-price elasticity is a possible outcome 

in the context of, for instance, multimodal transport system [26]. 

Elasticity could be derived out from regression modelling. Linear regression model is one of 

the most widely studied and applied statistical and econometric techniques [27]. It provides 

the explanation of the causality between variables and could be used for predicting future. 

The effect of independent variable on the dependent variable can be interpreted by the 

magnitude and sign of the calibrated coefficients. The intercept shows the initial value of 

the dependent variable given a null input of the independent variable. 

The standard formulation of the fundamental linear regression model is as Equation 4 

shows. The component at left side of the equation is the dependent variable as a function of 

the independent variable  at the right side of the equation.  is the error term that is 

presumed to be normally distributed with the expectation of 0 [27].  refers to the residual 

when the variation is investigated. Parameters  are to be estimated by the 

Least Square method that suggests the optical combination of the values of these 

parameters to minimize the residual sum of squares.  

 

Equation 4 
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3.3.2 Model formulation 
The block-level parking demand is affected by joint influence from multiple sources. The 

demand, in the form of average occupancy rate of an interested hour, is formulated to be a 

function of fixed effects, own price and the price of competing commodities [Equation 5].  

 

Equation 5 

Where 

 is the intercept that captures un-observed effects; 

 is the error term; 

 and  are the relative change terms; 

 is a dummy variable for the year; 

 is a dummy variable for street type Central Station; 

 is a dummy variable for street type City Centre; 

 is a dummy variable for street type Norrmalm; 

is a dummy variable for street type Midtown; 

 is a dummy variable for street type Arterials (the Control group is the reference); 

 is a dummy variable for 12:00-15:00 (the morning section 07:00-11:00 is the 

reference); 

 is a dummy variable for 16:00-19:00; 

 is the demand level, the average of initial occupancy rate through an hour  at block ; 

 is the hourly pricing rate at hour  at block ; 

 is the own-price elasticity to be calibrated; 

 is the hourly pricing rate at hour  block ; the restriction for finding the block  is 

deliberated in §3.3.3.2; 
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 is a normalized score that reflects the driving impedance between different on-street 

parking locations. The score is calculated based on the shortest route from the first choice  

to this specific alternative. It has to be beard in mind that the alternatives must locate 

within the cruising radius. The determination of the cruising radius is deliberated in §3.3.3.2.  

 is therefore a weighted price;  

The initial scores are computed before normalization. The initial scores are estimated by the 

modelled by distance-decay functions, in which the distance corresponds to the shortest 

path between the origination and the specific alternative. In this project, the score depends 

on the revered value of the distance. A characteristic of the reciprocal function is that it 

reflects the faster pace of degraded utility when the driving distance is in relatively small 

magnitude and slower pace whilst the driving distance approaches the maximum tolerance, 

for instance, 500 meters [Figure 11].   

 

Equation 6 

 

Figure 11 Reciprocal distance-decay function (the utility decreases by 0,005 from 100 meters to 200 meters, 

and by 0,002 from 200 meters ahead of 100 meters) 

Having the initial scores calculated, the normalized score will be calculated as: 

Equation 7 
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The weighted price is the sum of the products of the normalized score and the price of the 

alternative associated.  Extensively, the formula is as following. In this way, the closer 

alternative weights higher in determining the final weighted price.  

 

Equation 8 

Thereafter, the own-price elasticity is calculated as  

 

Equation 9 

The cross-elasticity is calculated as 

 

Equation 10 

Where  and  are the base values of pricing and demand.  refers to the base value of 

own price.  refers to the base value of the price for on-street alternatives. The 

base values could be taken at the average to represent the central tendency of the sample. 

To summarize this modelling approach, we note that it provides an interpretation 

convenience. The effects of spatial and temporal factors on demand are straightforwardly 

reflected by the estimation results of the coefficients of dummy variables.  

3.3.3 GIS-based spatial analysis 
ERSI’s ArcGIS Network Analyst extension is used to calculate the street-network distances 

between parking options. The outcomes are the input for calculating the initial scores for 

each alternative and hence after make it ready for obtaining the weighted price for on-

street and off-street parking alternatives. The algorithm of discovering shortest path is a 

functionality of the Network Analyst extension. It has been assumed that the function offers 

accurate prediction.  
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3.3.3.1 Constructing the network dataset by OSM shapefile 
The network dataset is established by necessary components such as edges, junctions and 

road traffic regulations. The information of the components is playing important roles in 

determination of traffic route. The layer that loads this information is accessible in 

OpenStreetMap-a non-commercial website that offers the urban transportation 

configuration. The configuration is getting latest updates thanks to the contributions made 

by general users of the OpenStreetMap and the maintenance team of the website.  

In the last stage of constructing such a transportation network, the Network Analyst 

extension provides the possibility of defining the impedance as either length or duration. 

The duration for driving, highly dependent on the experienced time periods of the day, is 

applicable as impedance here because the software has the function of attaching dynamic 

traffic information (with a definition of Time of Day, Day of Week and Specific Date). Whilst 

data source of dynamic traffic condition through the day is not available within the scope of 

this project, we decide to use Length, a time-invariance variable as the impedance.  Besides 

the above handling, layer properties also enable to set the Default Cut-off Value (the 

searching tolerance), and confirm using the previously defined regulation. 

 

Figure 12 Inquiry for discriminating one-way and two-way roads 

3.3.3.2 Definition of cursing radius 
In this sector we will deliberate how to tackle drivers’ tolerances in searching the parking 

places. Progressing further away from the first choice of parking places is associated with an 
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increased driving distance as well as an increased walking distance, which drivers usually 

attempt to avoid under any circumstances. This could be seen in Roess’s documentation, as 

the share of people decreases when the walking distance increases [29].  

In this study, we define that a 500 meter street-network distance as the maximum value for 

drivers to consider an alternative in the on-street parking system. This figure is referring to 

Roess’s research, in which the author has shown that majority refrain the distance larger 

than this. Within the range, the alternatives are feasible. The alternatives beyond the 

threshold are excluded considering the required heavy burden of cruising and walking 

exertions. A visualization of the principle is seen in Figure 13: The fringe of the red region is 

the cut-off distance from a specific on-street parking place, regarded as an origination. The 

solid lines are the successful connections between the origination and the considerable 

options. The feasible match only appears inside the cruising radius.  

 

Figure 13 Searching for alternatives with distance tolerance, an example by the on-street parking place in the 

city centre (Red, yellow and green remarks the fringes of 1000, 500 and 200 meters cut-off).  

3.3.3.3 Cruising efforts versus walking efforts 
It should be pointed out that the driving distance and the walking distance are mostly not 

identical, as the driving distance relies totally on the configuration and regulation of the 

roads, whereas the walking distance depends on the built-environment for pedestrians, 

illustrated in Figure 14. The walking distance is also an agent-level variable that might vary 

greatly among individuals.  
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Figure 14 Traffic route for finding an on-street parking alternative (the green line represents the shortest path, 

which has high differential compared to the walking distance between the two locations) 

In this project, the cruising distance is reflected by the shortest path between locations. The 

discovery of these shortest paths is achieved by the functionality of ArcGIS Network Analyst 

toolbox. Utilizing the shortest paths is a reasonable supposition on the drivers because the 

extra driving distance is supposed to be minimized to reduce the cruising efforts. The 

walking distance is currently not possible to be found based on the current shapefile. 

However, it should be admitted that the both walking efforts and cruising efforts are crucial 

attributes involved in the decision making of finding the parking places [Figure 15]. The 

identification of walking distance could consist of the further research of this project. 

  

Figure 15 Variables and factors that are influential for traversing from parking location to activity destination 
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4 Case study 

4.1 Background 
The action of the new policy package is primarily a pricing change on the on-street parking 

places in Stockholm inner city. The actions mainly involved the increase of the charging rate 

and the extension of tariff zones. A briefing of the policy package can be seen in the 

following. The first measurement is an extension of spatial coverage of tariff 1 on-street, 

from Central Station towards the centre of the city, therefore more places in this busy area 

will apply the tariff 1 after the implementation [12]. The second measurement is an 

extention of spatial coverage of tariff 2  and an extended charging period from 09-17 to 07-

19. The influenced area of this action locates in the fringes of Norrmalm. The third 

measurement is the application of tariff 2 on certain arterials in the outskirts of inncer city. 

The fourth measurement is prolonged charging periods of tariff 3, from 09-17 to 07-19. The 

last measurement is the reinforcement of certain rules of residential parking. More details 

of the policy package and the eventual aims of the actions can be seen at Förslag till 

Parkeringsplan [28]. 

The above mentioned modifications as well as a visualization of the affected areas are 

documented in Table 2, Figure 16 and Figure 17. On the map [Figure 16], dark green 

represents the streets that use tariff 1 in 2013 and 2014; Light green represents the area 

that used tariff 2 in 2013 and are using tariff 1 in 2014; Red represents the streets that use 

tariff 2 in 2013 and 2014; Light red represents the streets that used tariff 3 in 2013 and are 

using tariff 2 in 2014. In Figure 17, the arterials marked by light red are the streets that used 

tariff 3 in 2013 and are using tariff 2 in 2014. 

Table 2 The pricing and rule change in the update package 

Street types 
In day (SEK) In night (SEK) Time limit (Hr) 

Affected area 
2013 2014 2013 2014 2013 2014 

Central 41 41 41 41 1 1 Central Station 

Centre 26 41 15 41 None 1 City Centre 

Norrmalm 26 26 15 15 None None Norrmalm 

Midtown 15 26 Free 15 None None Fringe of Norrmalm 

Arterials 15 26 Free 15 None None Main streets in outskirts 

Control Group 15 15 Free Free None None Elsewhere 
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Figure 16 A visualization of affected areas in the core part of the inner city  
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the technical details will not be addressed. The histogram below [Figure 18] comprehends 

the distribution of the block-level parking supply of the organised planning list. A spectacle 

out of the pattern is that not all blocks are permitting on-street parking activities during 

working days-in actuality 42% of the blocks are not allowing on-street parking. In the rest of 

the blocks, majority locates in the interval between 5 and 20. Few blocks provide supplies 

that are larger than 30. According to the official documentation, there has been no 

modification of supply provision during the framework of the study [30].  

 

Figure 18 Density plot of on-street parking supply in day time in working days 

4.2.5 Constructing the network database 
The shapefile documents important variables.  In this case, the variable shape stores two 

factors, line and points, that give the definition of the geometry presence of the objective. 

The variable “one-way” shows the driving direction and type of lane (duo lanes or single 

lane). The values in the variable “oneway” are coded by a short python script [Figure 12] to 

make the direction and lane rules implemented on the network. 

Table 7 Field names and data types in Stockholm transportation shapefile 

Field Name Data Type 

Shape Geometry 

osm_id Double 

name Text 

oneway Short Integer 

bridge Short Integer 

maxspeed Short Integer 
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The one-way regulations on the network database are realized by coding the attribute of 

“oneway” in the following logic [Figure 19]. A specific road segment occupies an initial 

direction, which is admissible at all times, and a secondary direction, which is possible to be 

prohibited. The commands judge the variable “oneway” and will give the full permission of 

duo-direction driving if the value of “oneway” is 0.  

 

Figure 19 Implementing the direction rules 

A corner of the successfully established network could be seen in Figure 20, in which the 

solid lines represent the segments that allow vehicles to pass through. The links for non-

auto usage in the street-environment such as footpaths and cycle lanes are excluded from 

the network. 

 

Figure 20 Map of the constructed urban road network, Stockholm 
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5 Results 

5.1 Data analysis  

5.1.1 Weight factors 
The weighting factors in aggregation over time periods and street types are conservative in 

both before-period and after-period. In the before period, the mean and median of the 

weight factor are 0,94 and 0,98, respectively. In the after-period, the mean is 0,91 with the 

median at 0,83. These figures show a plausible consistency between ticketing machine data 

and the true demand in the video recordings. It has to be confirmed that data collection by 

floating car is intensively time-consuming. We have obtained 165 and 150 machine-to-field 

ratios separately in before-period and after-period. The statement of higher confidence 

could be made if more field observation is collected. 

 

Figure 21 Histogram of weighting factors, 2013 (mean=0,94; median=0,98, observations=165) 

 

Figure 22 Histogram of weighting factors, 2014 (mean=0,91; median=0,83, observations=150) 
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However, there might be a potential that the share of legal parking varies in street types. It 

is necessary to examine the central tendency of weight factors based on spatial units. 

5.1.1.1 Spatial variation 
It is evidence that spatial variation occurs in the weight factors. The medians of the weight 

factors for each street type are calculated as below [Figure 30]. The weight factors in after-

period are globally lower than in before-period. It tells that ticketing machine data makes a 

further underestimation of the true demand. It indicates that more vehicles are utilising 

ticketless routes within the pool in the after-period, especially in Arterials in which a great 

gap in before-and-after is observed.  Examining the pattern of the means of the weight 

factors will yield the same conclusion.  

 

Figure 23 Medians of weight factors, before and after3 

 

Figure 24 Means of weight factors, before and after 
                                                           
3 Outliers have been removed in calculating the means and medians. 
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The figures obtained from the car floating measurement in this study can be compared to 

the study directed by the City. In the documentation by the city, the share of paid parking 

during April to June, 2013, has ranged from 7,11 to 7,64 out of each 10 vehicles on average 

in the four main districts [Figure 25]. Note that Norrmalm is one common street type that 

both of these studies focus on. The mean and median of weight factors in Norrmalm, based 

on the car floating measurement, are 0,96 and 0,98 respectively in the before-period, 

whereas this figure has been estimated between 0,71 and 0,77 by the City. It means that the 

city has a tendency of over estimating the share of illegal parking in the on-street parking 

places. However, a conclusion based on a combination of the results from these two studies 

is that illegal parking takes a small share in the pool of on-street parking events. Majority 

parks legally with fees paid.  

Figure 26 exhibits the survey of correct parking positioning in streets by the City. On average 

9,22 to 9,41 out of 10 vehicles have right position, indicating that there is certain proportion 

of the vehicles that violates the space regulations. This is the clue of the possibility that the 

true occupancy rate overpasses 1 because drivers might over-consume the limited on-road 

spaces by inappropriate positioning of the vehicles. 

 

Figure 25 Rate of paid parking in every 10 vehicles, April to June 2013 [30] 

 

Figure 26 Rate of right positioning in every 10 vehicles, April to June 2013 [30] 
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5.1.1.2 Integration of ticketing machine data and weight factors 

The ticketing machine data will be scaled by the medians of the weight factors. The medians 

of the weight factors are applied separately to the before-period and after-period. We have 

observed that the weight factors do not follow normal distribution so that the mean is not 

appropriate.  To overcome the effect from single extreme large or low values, median is 

taken to measure the central tendency of the weight factors. Before the application, it is 

useful to review the occupancy rate without integrating the weight factors. Figure 27 

exhibits that the occupancy rate caused by fees-paying vehicles is actually decreasing in the 

streets that are imposed a higher hourly rate in the after-period. This occurrence confirms 

that the increase of parking fee is able to decrease the share of fee-paying vehicles. 

 

Figure 27 Occupancy rate based on ticketing machine data 

The true demand in street types is presented in Figure 28. It could be observed that the true 

demand remains almost identically in Central Station, Norrmalm and Control Group in 

before-period and after-period. The occupancy rate in City Centre decreases from 0,83 to 

0,60. It means that the accessibility of on-street parking there is significantly improved 

because the occupancy rate is smaller than 0,83, the level that is close to the threshold 0,85. 

In Midtown, the occupancy rate decreases from 0,70 to 0,53, showing an increase of 

accessibility of the on-street parking places as well. In arterials, the occupancy rate in after-

period is slightly higher than in before-period. This is caused by a greater share of non-

paying vehicles in the pool as we have mentioned above. However, the occupancy rate is 

below 85%, means that the accessibility of the parking places in Arterials is still in plausible 

level. The above findings could be compared to the survey conducted by the City. At the 
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entire inner city level, the true utilization is 90,15%. This figure is smaller than in Norrmalm 

in this project and larger than in other street types. The comparison indicates that he survey 

directed by the City is overestimating the true utilizations of certain regions, including the 

places around Central Station (noted as Central in this project) and the places in the 

outskirts (noted as Midtown and Arterials).  

 

Figure 28 Occupancy rate by integrating ticketing machine data with weight factors 

 

Figure 29 Accounting for utilizations of parking places per area in April/June 20134 

5.1.2 Before-and-after study of estimated occupancy 
The demand profile in Central Station has shown a strong fluctuating pattern in both the 

before-period and after-period. The parking occupancy rate accumulated to the peak level 

between 10 and 12 for [Figure 30]. The strong shifting on the way indicates that great 

exchange of inflow and outflow of parking is happening through the day. A global 

characteristic is that the occupancy rate does not overtake 1 and mostly be steady around 

0,5 to 0,65. This means that drivers are mostly able to find vacancies if they arrive and are 

willing to park. It has been observed that there is no regulation update on this street type, 

                                                           
4 The last row is of main interest. Hela innerstan refers to entire inner city. Tomma plaster means 
percentage of vacancies. 
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and the demand profile remains the same when examining the demand pattern in the after-

period [Figure 30]. 

 

Figure 30 Occupancy rate in working day in Central Station (the occupancy rate is the average of the 

observations in 2 months, for both before-period and after-period; left panel: April and May, 2013; right 

panel: March and April, 2014, same in follows) 

For City Centre in 2013, the demand has accumulated from the start of the day and be 

steady at a peak value from 13 to 16 for all working days [Figure 31]. The parking places 

were gradually filled with an occupancy rate close to 1. After 16 the demand began to drop 

back. The parking places in City Centre were not imposed the one-hour time restriction in 

the before-period, which might be the major cause of a less shaking trend compared to the 

one drawn from Central Station. 

However, the impact of pricing on demand could be observed by comparing the patterns in 

the before-period and after-period. The demand is lowered generally. In the after-period, 

the occupancy rate is steady around 0,4 to 0,7 in most of the hours. This means that more 

availability of parking has been released for drivers thanks to the increased price. 

 

Figure 31 Occupancy rate by the hour of the day, City Centre  
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The parking places become crowded in Norrmalm [Figure 32]. For working days, the peak 

hours has lasted from 10 in the morning to nearly 16, in which the occupancy has remained 

a high level above 1.0. The peak hours are seen to have both long duration and high 

occupancy levels. In the before-and-after comparison, the occupancy rate is not changing 

significantly.  

 

Figure 32 Occupancy rate by the hour of the day, Norrmalm  

We examine the demand in before-period first for Midtown. A dissimilar pattern of parking 

demand occurred [Figure 33]. From 9:00 to 15:00 in the working days, the occupancy was 

relatively constant. In this period, the occupancy has ranged from 0,5 to 0,7. From 7:00 to 

9:00 in working days, the occupancy has increased gradually and reached the peak value. A 

dramatic drop of occupancy can be seen at 9 o’clock. This phenomenon is caused by a high 

volume of termination of the trades made in the previous day. It means that there is a group 

of drivers that take the advantage of free night parking by setting their departure time at 

9:00 AM in the next day5. 

 

Figure 33 Occupancy rate by the hour of the day, Midtown  

                                                           
5 Parking in the night time is free of charge in Midtown, Arterials and Control group, in the before 
period. 
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Drivers adapt their choices according to the regulation update. In the after-period, the free-

night parking is removed and the significant drop of demand at 9:00 does not exist. This new 

rule contributes in removing the congestion of parking in the early mornings (from 7:00 to 

9:00). Additionally, the parking demand is lowered generally [Figure 33]. 

In Arterials and Control Group, the phenomenon of occupancy drop at 09:00 existed in both 

before-period and after-period. This is due to the fact that Arterials and Control Group 

locate in the residential area in which the over-night parking is more required than in 

commercial districts. In the before-period, the occupancies in Arterials and Control Group 

exhibited identical patterns [Figure 34] [Figure 35]. However, the difference appears in the 

after-period. In Arterials, the early-morning congestion was reduced and the occupancy rate 

accumulated to peak level in noon. However, these shifts could not be observed in Control 

Group [Figure 35].  

 

Figure 34 Occupancy rate by the hour of the day, Arterials  

 

Figure 35 Occupancy rate by the hour of the day, Control Group  
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The demand distributions according to the time dimension are not sufficient for reflecting 

parking behaviours. In the next section there will be an examination of performance 

indicators in before-period and after-period. 

5.1.3 Before-and-after study of performance indicators 

5.1.3.1 Average parking duration 
Investigating the duration of parking in the before-period, we could find that the duration of 

parking is highly dependent on the time regulation and land use types. The parking places in 

Central Station are available for a maximum of one-hour. Comparing the boxplots we could 

find that the parking duration for Central Station is significantly shorter on average and of 

low variation than in other parts of the city [Figure 36]. The average duration through the 

whole day (including the parking events in nights) is 0,65 hour [Table 8]. For City Centre and 

Norrmalm that are still of activity importance, the average parking duration are around 3 

hours (2,92 and 3,22 hours, respectively) [Table 8]. The duration is of relatively low variation 

as well, indicated by the small coverage between 25% quartile and 75% quartile [Figure 36]. 

Further street types present higher average duration and larger variation. The possible 

reason for this phenomenon is that the parking customers emerge commuters and 

residential people in which the duration might be highly differed. 

The parking durations for Centre, Norrmalm, Midtown and Arterials show compressed 

variations and lower average values in the after-period [Figure 37]. It implies that the new 

policy package, in which a pricing update and a regulation modification are combined, 

successfully reduced parking duration disparity. 

The increasing of the rate plays a role in attenuating the average parking duration. This 

point is based on the before-and-after assessment of the parking duration under different 

street types. As can be seen in Table 8, the average duration decreases in City Centre, 

Midtown and Arterials. The vital drop in City Centre is contributed by the supplementary 

one-hour limitation as well. In other street types, the average duration has not been 

observed a significant change. It is reasonable to recognize that the average duration in 

Norrmalm decreases by 15%, because short-term drivers who previously consumed green 

tickets shifted to Norrmalm for the price advantage over Central Station and City Centre. 

In the next step, the impact of pricing is further investigated by inspecting the temporal 

distributions of average durations.  
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happening between 07:00 and 10:00 have longest average duration of the working times, 

whereas in Midtown and Arterials the time window for accommodating the parking events 

that have longest average duration is in between of 16:00 and 19:00 [Figure 38]. This is 

reasonable because in City Centre the drivers that arrive in early mornings tend to park for 

longer for covering their working time; in Midtown and Arterials that are more residential-

based streets, overnight parking that is associated with sustaining the parking places come 

to stage at the end of the working hours (from 16:00 to 19:00). Generally for these three 

street types, the average parking duration is wiggling in the middle of the day. However, 

these patterns do not exist in after-period when the increased rate is imposed. The change 

of patterns at the end of the working hours might be contributed by the remove of free-fare 

night parking; however, the effect of increased price in day time for smoothing the share of 

arrivals do exist because the wiggling in the morning and noon sections disappeared in 

after-period. 
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5.1.3.2 Turnover rates  
Parking turnover rates varied by the street types. We will first examine the turnover rates in 

before-period. Central Station stands out as the street type that has highest turnover rate 

per place. The turnover rate at 11.11 vehicles per day per place is indicates that one parking 

place that is open through the day serves above 10 different vehicles. However, in City 

Centre, the quantity becomes much lower-the turnover rate is 4.66 vehicles per place per 

day. The low magnitude is probably caused by lack of popularity of the on-street parking 

places in City Centre and longer duration per vehicle, because the absolute count of parking 

events for City Centre is much lower than for Central Station even though the parking 

supplies are of same level [Table 5]. In Norrmalm, the turnover raised up again at 5,30 

vehicles per place per day, larger than City Centre. In Midtown, Arterials and Control Group, 

the turnover rates were extremely low at approximately 1 vehicle per place per day, with 

the longest average durations at above 9 hours among all street types. It means that there is 

a potential to increase the currently limited reachability through reducing the duration.  

In the before-and-after assessment, the turnover rates in Midtown and Arterials 

experienced an increase at 42% and 28% compared to the outputs in the before-period 

study. In the busiest part of the city, turnover rate decreased in Central Station and City 

Centre, whereas this figure showed an increase in Norrmalm. The possible reason is that 

some of the drivers that used to the green tickets are now shifting to the neighbouring 

Norrmalm to utilize the cheaper red tickets. Note that these commuters are mostly 

expected to be short-duration drivers, therefore their shift to Norrmalm is not making the 

on-street parking places still and congested. Instead, the on-street parking places in 

Norrmalm developed into a more dynamic condition. This provides the clue of the 

importance of on-street parking alternatives in affecting the parking demand in 

neighbouring streets. In Control Group, the turnover rate remained the same in the before-

period and after-period.  In Midtown and Arterials, an increase of turnover rates in relatively 

small magnitude buy great percentage change showed that the on-street parking places are 

accommodating more vehicles than in before-period. The significantly decreased average 

parking durations and the improved turnover rates in these street types indicate that the 

parking places are coupled with more frequent exchange of inflow and outflow. 
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there are two peak periods presence, 8:15 AM to 9:15 AM and 2:15 PM to 4:15 PM 

respectively. In Arterials and Control Group, the highest proportional of reaching appears at 

around 9:00 AM. Information about the arrivals in night period is also available. Generally, 

the percentages of arrivals from 22:00 to 05:00 are negligible.  

The share of arrivals has a tendency to become more even whilst an increased price is 

imposed. This could be seen in the distributions in City Centre, Midtown and Arterials, the 

street types that involved an increase of price [Figure 41]. The weights of arrivals at each 15-

minute interval stood closer in the after-period than in before-period. This occurring could 

not be discovered in the street types with no hourly rate changes. Therefore, increasing the 

hourly rate helps smooth drivers’ arrivals and makes a more balanced utilisation of the 

facilities. 
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The coefficients of dummy variables for street types capture the effects that pricing and 

temporal factors are not responsible for. Examining the parameters, Norrmalm stands out 

with the highest value, followed by City Centre. Central Station, Midtown and Arterials have 

negative parameters in reference to Control Group. In arterials, the dummy variable reaches 

the lowest among all groups. The above pattern suggests that under a presumed condition 

that all the other factors being constant, the initial occupancy rate hits the top in Norrmalm 

and reaches the lowest in Arterials. The initial occupancy rates of other street types situate 

in between of Norrmalm and Arterials. It is a reflection of the variation of block-level 

occupancy rates among the street types under the same taxation. 

 

The distribution of dummy variables of time periods show that the parking demand is 

highest in the noon period under a certain street type. The occupancy rate at noon is 13% 

larger than morning, and 8% larger than afternoon [Table 11]. This gives the clue of 

temporal variation of the initial occupancy rates for a specific street type. Under a certain 

street type, the block-level occupancy rate grasps the top in the noon section.
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The coefficient of Year is evaluated at -0,06, indicating that the initial occupancy rate in 

after-period is 6% lower than in before-period in the condition that the pricing, temporal 

and spatial influences are equal. It has to be beard in mind that the initial occupancy rate is 

the dependent variable, calculated as the number of instant paying travellers divided by the 

legal capacity. The negative sign is probably a clue of two causes. One is the implication of 

reduced share of travellers that use hourly tickets in whole on-street parking users. This 

speculation is feasible because a promotion of ticketless routes of paying on-street parking 

fees is in parallel with the timeframe of the study [Figure 45]. The more acceptable ticketless 

services such as SMS will reduce the occupancy rate caused by instant payers that utilise 

ticketing machines. The second reason could be a reduced inbound traffic and thereafter a 

lowered derived demand of parking. However, this needs further identification in terms of 

annual trend of citywide traffic flow. 

 

 

Figure 44 Promotion of ticketless approaches at on-street parking places in Stockholm 
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6 Conclusion 
This project has set up a methodological framework for evaluating the impacts of on-street 

parking pricing based on empirical data. The impact of on-street pricing is evaluated by 

before-and-after assessment of parking demand and performance indicators. The 

importance of the effect of price is measured by multiple regression modelling. The 

application of the methodology in the case study generates meaningful outputs. The 

knowledge acquired in the case study could be treated as valuable experience and 

fundamentals for future on-street parking policy making. 

6.1 The impact of pricing on parking behaviours 
An increase of pricing significantly manipulates parking behaviours. This is reflected by the 

change of parking performance indicators in a before-and-after assessment. The 

performance indicators consist of parking duration, turnover rates, entry moments and 

revenues. The results of the comparisons show that the upgrading of pricing scheme in 

street types City Centre, Midtown and Arterials prompt a decrease of parking duration. In 

residential-based streets, an increase of hourly rate by 73% reduces the average parking 

duration at 74%. As a matter of fact, the amount of average parking duration reduction is 

huge compared to previous work. Kelly and Clinch [1] found that the average parking 

duration in their studied commercial core region decreased by 16,5% as a consequence of a 

price increase at 45,1%. The average parking duration falls at 76 min in Dublin, a value that 

is close to the case we have observed in Norrmalm in Stockholm.   

An increased rate also brings out a gain of turnover rates at 42% and 28% for Midtown and 

Arterials, respectively. The raise of turnover rates is considerable compared to previous 

results. In Ottoson’s work [15], a same measurement of turnover rate has been utilised. 

However, the summary of that work shows that an increase of rate at 65% brings out 

negative impacts. The turnover rates turn out to have decrease as a result of this. The main 

reason is the dissimilarity of parking duration between the Washington study and Stockholm 

study. In the Washington case, the parking duration merely changes. However, in Stockholm 

case, the parking duration, especially for the outskirts of the inner city, drops significantly so 

that more on-street parking places are not occupied by single users by long durations. A 

more dynamic on-street parking system drives up the turnover rates in Stockholm case.   

The highest revenue generated per on-street parking place per working day is 305 SEK in 

Norrmalm in the after-period. The raising of hourly rate at 73% in the outskirts of the inner 
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6.3 Other contributions 
A main contribution of this study is the confirmation of the cross-effect from on-street 

alternatives. In all of the previous literature that utilized ticketing machine data and treated 

the occupancy rate as the demand indicator, the cross elasticity is either excluded in the 

modelling construction phase [1] [15], or removed from the pool of independent variables 

as a consequence of violating the informal test [25]. However this competitor should be 

taken into consideration when the cruising radius is acceptable. The significant estimation 

results from the study of Stockholm indicate that cross elasticity from neighbouring blocks is 

important tool for managing the demand. This could be complementing previous 

researches.  

The work has speculated out the yearly effect on the occupancy rate by examining the 

negative coefficient for the dummy variable of year. The citywide promotion of ticketless 

paying approaches might affect share of drivers that utilise ticketing machines.  

The work has proposed a customized programme that is able to transform the event-based 

ticketing machine data into continuous distribution of occupancy rate. This facilitates 

studying the tendency of on-street parking occupancy rate in various resolutions of time 

dimension.  

6.4 Limitations and future studies 
A well-designed survey might be necessary to facilitate the understanding of cruising radius 

and preferences of parking locations. In this project, we have assumed that drivers park 

exactly next to the activity termination. We also have predetermined the maximum 

searching tolerance based on the reflection of an American research. These assumptions 

should be validated through directly obtaining responses from drivers. 

Cruising radius should be improved into time-based term because the most concerned 

factor is the time spent for finding the alternatives. Also, for improving the accuracy of 

predictions, the distance-decay function that is based on the cruising radius can shift to 

another type of formulation so that the figures got by modelling are closer to reality. 

We have temporally discarded the walking effort in estimating the weighted price of on-

street parking alternatives. A current barrier of knowing the walking effort is that the 

walking distance is agent-based and relies highly on the in-street environment. A full 

configuration of the street environment might give the opportunity of estimating the 

walking distance.  
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The number of floating care observations has the potential to be enhanced. The benefit of 

the enhancement would be rich, including the detailed inspection of illegal parking and 

environmental-friendly vehicles that are exempted from any on-street parking fees. The 

weight factor will be calculated more confidentially whilst the floating car is designed to 

capture more on-street parking conditions and information. 

The parking issues in weekends are interested to investigate. The parking at leisure centres 

is highly demanded in weekends, and the profile of the demand across the city might show a 

completely different pattern comparing to working days. The magnitude of pricing elasticity 

and the possible temporal variation of it in the context of weekends are worthwhile to be 

identified. 

More investigation should be put into studying the day-to-day variations of parking demand. 

It has been observed that the variation among working days decreases in the after-period 

[Figure 50]. This rises in all street types, including the area that has either increased pricing 

or modified service duration and the area that experiences no policy changes. The pricing is 

not the dominating factor the lead to this general phenomenon. It would be interesting to 

have an insight on the traffic volume on a day-to-day basis and figure out that if the inbound 

flow is the main reason.  

 

Because of the incomplete provision of pricing for off-street parking facilities, the cross 

elasticity of off-street parking alternatives has not been incorporated into the modelling. 

Figure 45 presents that much more sources are under control of private agencies (note that Q 

parking is one of the private companies that participates in the operation). The obstacle of 

having access to the historical pricing of off-street parking places operated by private actors 

has prevented the calculation of weighted price of off-street alternatives. However, off-

street parking facilities are important sources for drivers to accommodate the vehicles in the 

urban area. In the future work, an attempt of integrating the off-street parking alternatives 

into modelling is expected, given full provision of historical pricing information.  
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8 Appendix 

 

Figure 46 A snapshot of the locations of block-level ticketing machines 
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Figure 47 The route for field data collection at 2013-05-07 and 2014-04-01 

 

Figure 48 The route for field data collection at 2013-05-08 
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Figure 49 The route for field data collection at 2013-05-22 and 2014-04-03 
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Figure 50 Temporal distributions of average occupancy rate (From top to bottom: Central Station, City Centre, 

Norrmalm, Midtown, Arterials, Control Group; from left to right: before-period, after-period) 

Table 16 The observed blocks in the field data collection, 2013-05-07 and 2014-04-01 

Street Name 
Ticketing 

Machine 
Side From 

 
Until 

Sturegatan Stureg.34 East 
Kommendorsgata

n  
Sodermannagatan 

Karlavagen Karlavägen 79 North Skeppargatan 
 

Renstiernas gata 

Karlavagen Karlavägen 59 North Nybrogatan 
 

Renstiernas gata 

Karlavagen Nybrogatan 50 South Nybrogatan 
 

Renstiernas gata 

Sibyllegatan Sibyllegatan 49 West 
Kommendorsgata

n  
Nytorgsgatan 

Odengatan Gyldéngatan 1 North Hagagatan 
 

Sodermannagatan 
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Karlbergsvage

n 

Karlbergsvägen 

36/40 
North Halsingegatan 

 
Ostgotagatan 

Karlbergsvage

n 

Karlbergsvägen 

29 
South Halsingegatan 

 
Gotgatan 

Sankt 

Eriksgatan 

Sankt Eriksgatan 

25 
West 

Drottningholmsva

gen  
Timmermansgatan 

Fleminggatan 
Fleminggatan 

59 
South Inedalsgatan 

 

Torkel 

Knutssonsgatan 

Sturegatan Stureg.34 East Cardellgatan 
 

Ringvagen 

 

Table 17 The observed blocks in the field data collection, 2013-05-08 

Street Name Ticketing Machine Side From Until 

Folkungatan Folkungagatan 54 South Gotgatan Drottninggatan 

Folkungatan Folkungagatan 74 South Ostgotagatan Slojdgatan 

Folkungatan Folkungagatan 100 South Nytorgsgatan Drottninggatan 

Asogatan Nytorgsgatan 27 A South Nytorgsgatan Klara Norra 

kykogata 

Asogatan Åsögatan 157 North Nytorgsgatan Klarafaret 

Folkungatan Folkungagatan 89 North Renstiernas gata Klara Norra 

kykogata 

Folkungatan Folkungagatan 77 North Nytorgsgatan Kungstensgatan 

Folkungatan Folkungagatan 63 North Sodermannagatan Hagagatan 

Folkungatan Folkungagatan 53 North Ostgotagatan Luntmakargatan 

Hornsgatan Hornsgatan 64A North Blecktomsgrand Drottninggatan 

Hornsgatan Hornsgatan 68 North Timmermansgatan Vasagatan 

Hornsgatan Hornsgatan 92 North Torkel 

Knutssonsgatan 

Klara Norra 

kykogata 

Hornsgatan Hornsgatan 45 South Torkel 

Knutssonsgatan 

Drottninggatan 

Hornsgatan Mariatorget 6 South Timmermansgatan Drottninggatan 

Hornsgatan Bellmansgatan 22 South Blecktomsgrand Luntmakargatan 
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Folkungatan Folkungagatan 100 South Renstiernas gata Slojdgatan 

Folkungatan Folkungagatan 74 South Sodermannagatan Drottninggatan 

Folkungatan Folkungagatan 54 South Ostgotagatan Klara Norra 

kykogata 

Hornsgatan Mariatorget 6 South Blecktomsgrand Rådmansgatan 

Hornsgatan Hornsgatan 45 South Timmermansgatan Slojdgatan 

Hornsgatan Hornsg.71 South Rosenlundsgatan Drottninggatan 

Rosenlundsgat

an 

Rosenlundsgatan 

20 

West Krukmakargatan Klara Norra 

kykogata 

Hornsgatan Hornsg.71 South Ringvagen Luntmakargatan 

Hornsgatan Hornsgatan 92 North Ringvagen Drottninggatan 

Hornsgatan Hornsgatan 68 North Torkel 

Knutssonsgatan 

Vasagatan 

Hornsgatan Hornsgatan 64A North Timmermansgatan Klara Norra 

kykogata 

Hornsgatan Hornsg.71 South Torkel 

Knutssonsgatan 

Klara Norra 

kykogata 

Karlavagen Karlavägen 79 North Skeppargatan Slojdgatan 

Karlavagen Karlavägen 59 North Nybrogatan Malmskillnadsgatan 

Sibyllegatan Sibyllegatan 49 West Kommendorsgatan Ostgotagatan 

 

Table 18 The observed blocks in the field data collection, 2013-05-22 and 2014-04-03 

Street Name Ticketing Machine Side From Until 

Radmansgatan Rådmansg. 37 South Dobelnsgatan Luntmakargatan 

Olof Palmes 

gata 
Olof Palmes gata 16 North 

Hollandargata

n 
Drottninggatan 

Olof Palmes 

gata 
Olof Palmes gata 28 North 

Drottninggata

n 
Vasagatan 

Olof Palmes 

gata 
Olof Palmes gata 15 South 

Drottninggata

n 

Klara Norra 

kykogata 

Barnhusgatan Barnhusgatan 16 North Vasagatan Drottninggatan 

Barnhusgatan 
Barnhusgatan 3, 111 

23 Stockholm, Sweden 
South Vasagatan Drottninggatan 
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Master 

Samuelsgatan 

Mäster Samuelsgatan 

42 
Both 

Malmskillnads

gatan 
Slojdgatan 

Master 

Samuelsgatan 

Mäster Samuelsgatan 

46 
Both Slojdgatan Drottninggatan 

Master 

Samuelsgatan 

Mäster Samuelsgatan 

58 
Both 

Drottninggata

n 

Klara Norra 

kykogata 

Master 

Samuelsgatan 

Mäster Samuelsgatan 

65-73 
Both Vasagatan 

Klara Norra 

kykogata 

Jacobsgatan Jakobsgatan 25 South 
Drottninggata

n 
Klarafaret 

Sveavagen Sveavägen 61 West Radmansgatan Luntmakargatan 

Odengatan Gyldéngatan 1 North 
Karlbergsvage

n 
Drottninggatan 

Birger 

Jarlsgatan 
Jarlaplan 2 mem West Karlavagen Vasagatan 

Master 

Samuelsgatan 

Mäster Samuelsgatan 

46 
Both 

Drottninggata

n 

Klara Norra 

kykogata 

Master 

Samuelsgatan 

Mäster Samuelsgatan 

42 
Both Slojdgatan Drottninggatan 
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