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EFEKTYWNE ZARZĄDZANIE PARKINGAMI MIEJSKIMI 
W STREFIE KRÓTKOOKRESOWEGO PARKOWANIA1

Streszczenie. W artykule zawarto krótkie omówienie dwóch przykładowych narzędzi kie-
rowania strefami krótkotrwałego parkowania oraz realizowanych przez te narzędzia funkcji. Po 
pierwsze zostanie przedstawiony prototyp systemu zbierającego informacje w czasie rzeczywistym 
dla pokazania stopnia zajętości strefy krótkotrwałego parkowania, Po drugie zostaną omówione 
wyniki wdrożonej w Wiedniu strategii, która polegała na wzroście opłat za parkowanie, aby wpły-
wać na zachowania mieszkańców związane z parkowaniem. Przykłady te mogą być traktowane 
jako modelowe i stanowić wzór do naśladowania w innych miastach, jako że strefy krótkotermi-
nowego parkowania i parkowanie z wykorzystaniem telefonu komórkowego są obecnie uważane za 
najnowocześniejsze w wielu miastach Europy i należy oczekiwać, że ich wykorzystanie będzie się 
rozprzestrzeniać dalej.

Słowa kluczowe: strefa krótkookresowego parkowania, wskaźnik zajętości, informacje 
w czasie rzeczywistym, wzrost opłat za parkowanie

1. Introduction

In many cities in Europe area-wide short-term parking zones were set up in or-
der to reduce the space needed for parking lots and to decrease the traffic in search 
of a parking space significantly. Nevertheless, in many cities with such parking 
restrictions still parked cars occupy major parts of the open space and the volume 
of parking search traffic is high. For example, in the inner districts of Vienna (Au-
stria), where a short-term parking zone exists, 20 % of the traffic volume - at peak 
times even up to 90 % - is caused by parking search traffic. Cities have different 
possibilities to increase the effectiveness of short-term parking zones. Two of these 
strategies are presented in this paper. 

In first strategy by informing the road users before departure about the oc-
cupancy of parking spaces at the destination, the tool can have a high steering 
effect, because it encourages the use of more environmentally friendly alternatives 
(public transport, park & ride etc.). The information service uses position data of 
mobile phone parking as an indicator of the occupancy of parking zones. This new 
technology can help to handle the scarce resource of parking space in urban envi-
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ronments more effectively. To set up this tool a model was developed and validated 
by an empirical parking survey, which was implemented in winter 2012 in two 
test areas in Vienna.

Second strategy considers increase of parking fee. In March 2012 the parking 
fee in the short-term parking zones was increased from 1.20 € to 2.00 € per hour. 
Since the parking space demand was surveyed before and after the augmentation 
of the parking charges, the impacts of this fee increase could be derived. Informa-
tion was collected on different effects e.g. on the number of fee dodgers, residental 
and short-term parkers as well as on the number of vehicles parked illegaly in the 
area. On the base of these data the also the price elasticity in both test areas could 
be derived.

2. Real-time information system for showing the occupancy rate 
of short-term parking zones

2.1. Study implementation

First, it was the purpose to develop a real-time information system for the oc-
cupancy of short-term parking zones, which works without the need for roadside 
infrastructure (see Figure 1). This tool was developed with the aim to provide 
a sufficiently accurate description and reliable prediction of the parking pressure in 
a broader target area, without showing the status of individual parking lots. The 
following existing real-time data sources were tested for their usability in such an 
information system:

· position data of short term parking customers, who buy their electronic 
parking ticket with their mobile phone using an SMS payment service,

· counts of short-term parking customers in car parks in or close to the target 
area,

· traffic flow volumes derived from more than 300 automatic counting sites 
in Vienna.

As case study area the city of Vienna was chosen, because in the inner city di-
strict, parking search traffic amounts to 20 % of total traffic, at peak times up to 
90 %. The city offers an SMS payment service for short-term parking fees (called 
HANDY Parken service). More than 40 % of all short-term parkers pay their 
ticket by using this service. By paying the electronic ticket each user generates 
information about the location of the parked vehicle and is therefore expected to 
provide an indicator for occupancy rate in an area. The two further real-time data 
sources were also tested concerning their influence on the reliability of the fore-
casts. The real-time occupancy model was developed and calibrated with data of 
an empirical parking space survey implemented in two test areas in Vienna. This 
study forms the basis for an online prototype, which can be visualised on Google 
Maps and which can also be integrated into existing travel information services.
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Figure 1. Data flow in the real-time occupancy model

2.1.1. Real time data sources
The largest of the mobile network operators (MNO) - which has an agreement 

with the HANDY Parken service - participated in the research project. Reading 
out all SMS-tickets booked in a given time interval is technically and legally feasi-
ble. But in the project also the coordinates of the active network cell from which 
the mobile phone sent the SMS for paying the parking fee was necessary. Due to 
data protection concerns, the responsible officers of the MNO decided against 
a data transfer despite an initial agreement. As a consequence, the HANDY Par-
ken data could be made available for calibrating the model, but is currently not 
available as real-time information source for operation. The counts of short-term 
parkers in the car parks were obtained by an agreement with five of the six car 
park operators in the test areas. The provided data included separate counts of 
long term and short term parkers entering and exiting the car park throughout 
the duration of the parking space survey. Traffic flow data is already collected at 
a central point, where they feed into a transport model. A data exchange protocol 
has been defined, enabling data exchange at any time.

2.1.2. Parking space survey
A parking space survey was conducted for calibrating and validating the oc-

cupancy model and to estimate the day curves of vehicles, which have a perma-
nent parking permission, any other special permission, or no permission at all (fee 
dodgers). This survey was necessary because parkers without a HANDY Parken 
ticket leave no electronic trace for real-time indication. The survey was conducted 
in two test areas with a total of 3,000 parking spaces. 

The areas have different characteristics concerning the residents-visitors ratio, 
supply of on- and off-street parking, spatial functions, and demographic struc-
ture. The survey was carried out in three periods in February, March and April 
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2012. The demand of parking spaces was observed periodically every 30 minutes 
from 8 am to 10 pm. Each parked vehicle was registered along with the type of 
parking permission: permanent permission, fill-in ticket, or no visible permission. 
The latter could be fee dodgers or users of the mobile parking service. In order to 
distinguish between the two, we recorded the license plates of these vehicles and 
checked them against the HANDY Parken database, which allowed us to deter-
mine, how many cars in a certain part of the test area had valid electronic tickets 
during the observation period.

Based on this survey it could be shown that there are strong differences in the 
day curves for both test areas. The share of short-term parkers is approx. 40% 
in the city centre (1. district), whereas it is only 20% in the residential area (6. 
district). The occupancy in the city centre is highest during the day and during 
the opening hours of pubs in the evening, whereas the residential area shows the 
highest occupancy in the morning before the residents leave and in the evening 
when they are back.

2.2. Relationship between real time data and occupancy rate

2.2.1. Counts of short term parking customers in car parks
After several correlations of car park data with parking space occupancy were 

computed, it turned out that there is no systematic relationship between car park 
inflow and parking space occupancy. It could be shown with the survey data that 
the garage inflow does not indicate an overflow of on-street parking demand, 
which is often the commonly held view. Because the car park inflow was not a su-
itable indicator of the occupancy rate it was not used in the real-time model de-
velopment. 

2.2.2. Traffic flow volumes
Traffic flow data from 830 major roads in the Vienna region was examined. The 

data were derived from a traffic model, which uses data of more than 300 auto-
matic counting sites in the city. In order to check the suitability of the traffic flow 
data for predicting parking space occupancy, the correlation coefficients between 
the traffic flow and mean occupancy rates was computed. It turned out that there 
is no significant relationship between traffic flow data and parking occupancy 
rates. The reason for this that only the incoming traffic flow on the major street 
network was taken into account here and not the circulating traffic flow of vehicles 
searching for a free parking space and causing a high traffic volume in a restricted 
area. The flow data were therefore not included as input for the real-time occu-
pancy model.

2.2.3. Mobile phone parking data

As mentioned already, the mobile network operator refused to provide the 
location data of mobile phone parkers for privacy concerns. However, for the ve-
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hicles observed in the parking space survey this information could be derived from 
the HANDY Parken database. The initial assumption was that mobile phone 
parkers are a congruent subset of all short term parkers, and that the latter can be 
added to the number of permanent parkers, which evolves according to its own in-
dependent day curve. Table 1 shows the relationships of the number of electronic 
tickets with other kinds of permissions and with the total occupancy rate. 

Table 1. Correlation coefficients (r) and significance (p) between electronic parking tickets and other 
parking permissions in in 1st district and 6th district

Kind of permission
Area in 1. district Area in 6. district

r p r p
fill-in	tickets 0.515 0.000 0.503 0.000
permanent	permissions -0.259 0.000 -0.269 0.000
cars	without	permission -0.372 0.000 -0.418 0.000
all	other	permissions -0.067 0.241 -0.238 0.000
total	occupancy	rate 0.659 0.000 0.115 0.043

It could be derived from the survey data that there is a strong positive corre-
lation between the number of cars with electronic tickets and fill-in tickets, but 
a moderate negative correlation with permanent permissions as well as fee dodgers 
(without permission). As a result, the hypothesis that the number of permanent 
parkers evolves independently from short term parkers has to be rejected. The 
area in the first district shows a high positive correlation between electronic tickets 
and total occupancy rate, whereas in the sixth district the correlation is very low. 
The reason for this difference is the higher share of short term parkers in the first 
district, which results in a stronger relationship between electronic tickets and 
total occupancy rate than in the sixth district. A linear regression model of the 
occupancy rate given the number of electronic tickets explains r2 = 43.5 % of the 
occupancy rate variance in the first district and only r2 = 1.3 % of the variance in 
the sixth district.

2.2.4. Real-time model
In order to measure the improvement in prediction accuracy gained from the 

real-time information two reference models were defined. One was a constant 
average model, which is based on the assumption that the occupancy rate stays at 
a constant average level at any time; and the other was an average day curve mo-
del, which is based on the assumption that on all days the occupancy rate follows 
the average day curve. The second model accounts for 65.8 % of the variance of 
the occupancy rate in the first district and 54 % in the sixth district.

Although, the real-time indicator has a lower explanatory value for the occu-
pancy rate than the average day curve model, it might still improve the predictive 
power if added to the average day curve model. This was tested for estimations of 
the occupancy rate in a) the current time interval, b) in future time intervals, and 
c) in exceptional situations, where the occupancy rate differs strongly from the 
usual level.
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A linear regression model taking into account the number of electronic tickets 
increases the fraction of explained variance of the occupancy rate in the current 
time interval by 10% in first district and 1.7% in the sixth district. The attempt 
to improve the prediction of the occupancy rate of a time interval in the near fu-
ture was based on a linear model of the day curve of electronic tickets. A separate 
model was developed for both areas and subject to three cross-validation rounds. 
Within each round, two of the three survey weeks served for calibration, while the 
remaining week served for validation. The result was that the real-time indicator 
could in most cases not reduce the prediction error of the average day curve model.

However, the real-time model outperformed both reference models in excep-
tional situations. 

This could be shown for the Shrove Tuesday, during the first week of the par-
king space survey. In this particular case it turns out that the real-time model 
predicts the occupancy rate better than the average day curve model. The error 
improvement is strongest in the current time interval, but it still appears in pre-
dictions of future time intervals. This result indicates that the real-time informa-
tion about electronic parking tickets might increase the accuracy of an occupancy 
model in situations, in which the demand of parking place deviates from the usual 
level.

2.3. Conclusions and outlook to model application

It turned out that traffic flow data and counts of short-term parking customers 
in car parks show no significant correlation in relation to the occupancy rates in 
short term parking zones. Instead, the number and location of electronic tickets 
of the HANDY Parken service can help to indicate the occupancy rate in an area. 
Due to privacy concerns of the mobile network operator this indicator is currently 
not available for online operation of the service. 

The occupancy rate of on-street parking spaces follows a recurrent pattern. An 
average day curve model thus predicts the occupancy at a given time interval very 
well and can hardly be outperformed by a real-time model which does not account 
for these daily patterns. However, unusual deviations from the day curve due to 
exceptional events can only be predicted by the real-time model. 

An elemantary way to make the information service available to the users wo-
uld be a stand-alone webpage as shown in figure 2, where the user can choose the 
area and time for which the occupancy information shall be provided. A second 
option could be to integrate the service into existing information services. The end 
users’ benefit of the information service is in either case a better knowledge of the 
current and predicted occupancy of on-street parking spaces at the destination in 
a short-term parking zone. It could also include recommendations for alternative 
options in case of high parking pressure such as off-street parking facilities, inter-
modal transport, or public transport. It can serve as a role model for other cities, 
since mobile phone parking is state of the art in many European cities, and its use 
will increase elsewhere as well.
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Figure 2. Internet information tool based on the real-time model

3. Effects of the parking fee augmentation in the short-term parking 
zones in Vienna

On the base of the parking space survey implemented for the validation of the 
occupation model, it was also possible to analyse the effects of the augmentation 
of the parking fees in the short term parking zone in Vienna, which was realised 
in March 2012. This was the first time that there was the possibility to detect the 
impacts of the parking fee augmentation on the parking space demand without 
having any other framework conditions changed within the parking space regime 
(e.g. the boundaries of the short term parking zone). 

For analysing the effects of the parking fee augmentation the collected data 
on the occupany rates described above could be taken as reference data, which 
were available for around 3,000 parking spaces for three different time periods. In 
February 2012 - the month in which the first survey wave was conducted - the fee 
for parking one hour was still 1.20 €. The second and third survey were made in 
March and April 2012, in this time the fee was augmented already to 2.00 € per 
hour and effects of this change could be derived. Since for each parked vehicle the 
type of parking permission was registered, it was possible to show the effects of the 
fee augmentation for the different permission categories: permanent permission, 
fill-in ticket, fee dodgers and users of the mobile parking service. 

In Table 2 the results for the two test areas are shown for each of the three su-
rvey waves. The numbers represent the sums of all vehicles registered in one wave. 
One unit represents one vehicle which was counted in a 30-minutes time period. 
Vehicles which were parked longer than 30 minutes were counted several times. 
In the first two lines of the tabel the total numbers of supplied parking spaces 
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and parked vehicles are shown. The parking space supply decreases over the three 
waves because the number of building sides increased in this time, which occu-
pied parking space. Also the numbers of the parked vehicles decreases - but much 
stronger than the number of parking lots. In the first disctrict the total occupancy 
rate changes from 98% to 94% after the fee augmentation. In the sixth district 
this rate was only 87% in February and was reduced to 84% in March and April. 
Particularly striking are the changes for the short term parkers while the numbers 
of permant parkers are almost the same over the three survey periods. 

In the first district, about 50 % of all vehicles are short term parkers, in the 
sixth district - the residential area - this rate is only 20 %. But in both areas this 
rate could be reduced considerably after the parking fee augmentation. 

Table 2. Number of parking spaces and observed each 30 minutes by district and survey wave  
(in brackets: share of the total parking space supply)

District 1. District (city centre) 6. District (residential area)
Survey Wave 1 2 3 1 2 3

Parking	space	supply 36.068
(100%)

35.771
(100%)

35.567
(100%)

37.401
(100%)

37.184
(100%)

36.669
(100%)

Vehicles	total 35.266
(98%)

33.464
(94%)

33.406
(94%)

32.644
(87%)

31.408
(84%)

30.918
(84%)

Vehicles	by	max.	parking	duration

Permanent	1 17.877
(50%)

18.280
(51%)

18.159
(51%)

23.873
(64%)

24.499
(66%)

23,507
(64%)

Short	term	2 17.389
(48%)

15.184
(42%)

15.247
(43%)

8.771
(23%)

6.909
(19%)

7,411
(20%)

Vehicles	by	type	of	permission

Resident	 13.535
(38%)

13.615
(38%)

13.738
(39%)

21.252
(57%)

21.633
(58%)

20,977
(57%)

Special	permission	 4.342
(12%)

4.665
(13%)

4.421
(12%)

2.621
(7%)

2.866
(8%)

2.530
(7%)

Fill	in	ticket 5.719
(16%)

4.348
(12%)

4.160
(12%)

3.074
(8%)

2.423
(7%)

2.507
(7%)

Mobile	phone	ticket 6.855
(19%)

5.846
(16%)

6.068
(17%)

2.557
(7%)

2.057
(6%)

2.093
(6%)

Fee	dodger 4.815
(13%)

4.990
(14%)

5.019
(14%)

3.140
(8%)

2.429
(7%)

2.811
(8%)

Vehicles	by	compliance	of	the	road	traffic	regulations

Illegal	parker 1.971
(5%)

1.927
(5%)

1.559
(4%)

622
(2%)

462
(1%)

669
(2%)

Legal	parker 33.295
(92%)

31.537
(88%)

31.847
(90%)

32.022
(86%)

30.946
(83%)

30.249
(82%)

Free	parking	spaces 2.773
(8%)

4.234
(12%)

3.720
(10%)

5.379
(14%)

6.238
(17%)

6.420
(18%)

1 Permanent: Vehicles with residential or special permission without any restrictions in parking duration
2 Short term: Vehicles with fill in ticket of mobile phone ticket with limited permitted parking duration

The number of illegal parkers could be decreased in the two test areas as well, 
although only slightly. This effect was expected because of the higher parking 
space supply caused by the decreased number of short term parkers.

Table 3 shows the number of arrived short term parkers and their average 
parking duration. The number of arrived short term parkers has decreased stron-
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ger than the average parking duration. The number of arrived vehicles decreased 
from 6 to 12% whereas the average parking duration declined only between 4 and 
10%. In the sixth district this difference is more pronounced. Here the decrease 
of the number of parked vehicles has a stronger effect on the reduced occupation 
rates than the shorter parking durations. 

Table 3. Number of arrived short term parkers and the average parking duration by district and survey 
wave

District Wave
Arrived short term parkers Average parking duration

 of short-term parkers
Total number % Hours %

1 1 3,964 100 2,30 100
2 3,738 94 2,13 93
3 3,630 92 2,21 96

6 1 2,491 100 1,87 100
2 2,188 88 1,68 90
3 2,236 90 1,76 94

3.1. Test of significance

The following attributes were analysed concerning their statistical significance 
of the changes from the first wave (before the augmentation of the parking fee) to 
the second and third wave (after the augmentation of the fee):

- total occupancy rate,
- total number of short term parkers,
- number of arrived short term parkers,
- average duration of short term parkers.
To check the statistical significance a paired T-test was used. The cases for 

the test were the collection units (one street section per 30-minute interval). The 
occupancy rates for each of the collection unit was registered in each wave on the 
same weekday at the same time, therefore an individual (paired) comparison for 
each collection unit can be conducted for all three waves. The T-test was imple-
mented for both test areas together as well as separately by district. Generally, the 
first wave was compared with the third wave because in the last wave the fee au-
gmentation was operated already longer and long-term effects could be estimated 
more accurately. Only for the number and parking duration of short term parkers 
in the sixth district the test was implemented with values of the second wave be-
cause the numbers of fee dodgers were more realistic than in the third wave.
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Table 4. Test of significance for the changes between the survey waves

Parameter District
Comparison 

of waves

Value Change
Significance

Before After Total %

Total	occupancy	rate
all 1 à	3 67,910 64,324 -3,586 -5.28 0,000
1 1 à	3 35,266 33,406 -1,860 -5.27 0,000
6 1 à	3 32,644 30,918 -1,726 -5.29 0,000

Total	number	of	short	term	

parkers

all 1 à	3 26,160 22,156 -4,004 -15.31 0,000
1 1 à	3 17,389 15,247 -2,142 -12.32 0,000
6 1 à	2 8,771 6,909 -1,862 -21.23 0,000

Number	of	arrived	short	term	

parkers

all 1 à	3 6,455 5,818 -637 -9.87 0,000
1 1 à	3 3,964 3,630 -334 -8.43 0,000
6 1 à	2 2,491 2,188 -303 -12.16 0,000

Average	duration	of	short	term	

parkers

all 1 à	3 4.17 3.89 -0.28 -6.71 0,029
1 1 à	3 2.30 2.21 -0.09 -3.91 0,234
6 1 à	2 1.87 1.68 -0.19 -10.16 0,023

It can be shown in table 4 that all changes are significant on the 1%-level - 
excepted changes of the average parking duration of the short term parkers. Those 
changes are statistical significant on the 5%-level in the sixth district and also for 
both test areas. Only in the first district the changes for this attribute are statisti-
cally not significant.

3.2. Estimation of the elasticity

From the observed parking space occupation rates before and after the fee au-
gmentation the elasticity of the parking space demand in relation to the parking 
fee increase can be estimated. The course of the demand curve aside of the both 
points can’t be derived. Therefore, a test series with different fee levels would be 
necessary. Without such a test series the course of the curve is a question of inter-
pretation.

3.2.1. Isoelastic demand function
This function is based on the assumption that the elasticity of the demand in 

relation to changes in prices is constant. Therewith, a relative change in the level 
of parking fee (in % of the starting price) causes always the same relative change 
in the parking space demand (in % of the starting occupation rate), independent 
of the level of starting price. Advantage of this function is that only one parameter 
is necessary, which the elasticity is. The function of the demand for short term par-
king spaces in relation to the level of fee in the two test areas in Vienna is shown 
in figure 4. The elasticity of the demand in the sixth district is almost twice the 
elasticity in the first district. This means that the augmentation of the parking fee 
in the sixth district has a higher effect in the short term parking demand than in 
the first district. In the latter that market value of a short term parking space is 
higher.
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Figure 4. Elasticity of the short term parking space demand in relation to the level of parking fee 
in the test areas in the 1st and 6th district

A disadvantage of this function is that especially in the range of low prices an 
unrealistic course of the curve is predicted. This means that the lower the price is 
the higher the demand is. A total removal of the parking fee would cause an infi-
nite demand for parking spaces within the function which is not realistic. 

4. Conclusions

· It has to be taken into account for the interpretation of the results of the 
study that it was not a controlled experiment for which it was possible 
to eliminate the influences of other factors that affect the behavior of the 
people (e.g. weather). The changes in the occupancy rates are the result of 
different influencing factors, which changed in all three waves.

· The decrease of the number of short term parkers from the first (before the 
fee augmentation) to the second and third wave (after the fee augmenta-
tion) is very striking so that other parameters than the fee augmentation 
can hardly be found.

· The occupancy rate (number of vehicles parked in a time period) as well as 
the number of arriving short term parkers have decreased in both test areas 
with a high statistical significance. Instead, the average parking duration 
has decreased not that strongly.

· The elasticity of the parking space demand in relation to the level of the 
parking fee is different in the two test areas. In the first district the esti-
mation for the elasticity accounts for -0.26, for the sixth district the value 
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is -0.47. This means, if the parking fee is augmented for 1%, the parking 
space demand decreases for 0.26 respectively 0.47%.

· The differing elasticity in both districts reflects the different “market va-
lue” for the short term parking spaces in the first and sixth district. This 
would justify differences in the level of parking fees, which should be hi-
gher in the first district (city centre) than in the sixth district (residential 
area) in Vienna.


