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Introduction

Sustainable Urban Transport System

Accessibility T Quality of Urban

Environment

_ Agent-based
Forecasting tools Models

Assessment of the future situation and support in

making well informed decisions
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The aim of urban mobility plans is to attain sustainable urban transport system that ensures accessibility and quality of urban environment. 
These goals can only be accomplished with the help of certain forecasting tools. These tools provide the assessment of the future situation and support in making well informed decisions.
Traffic induced due to parking search has significantly grabbed the attention of policy makers. It is crucial to model parking behavior of motorists, in order to identify the effect of change in parking behavior on the overall travel behavior of drivers.
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Modelling Parking Behavior with Agent Based Models

|« PARKAGENT (Benenson et al., 2008) Models

Pun{:c — unnl:,n"rl:Nunnc + lrlll"lr{:u:i:jI Pal’king
Search

FE‘IFI - pUl'.IDE
» Distance To Destination/Length Of Parking Place.

« SUSTAPARK (Dieussaert et al., 2009)
Unﬂ_sm_.f_.t (free) = exp(ﬂl AT+ 0, . St + 3. Et + [y . FB@)

Models
Parking
Search

 MATsim model (Waraich and Axhausen, 2012) Chg?ce

Uparking,i — U-Pcostai + Upsearch‘?‘ime:i + Upwalk;i + €i

To propose a behavioural model of parking choice that improves
the representation of parking choice process in PARKAGENT
model.
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It is necessary to find, measure and model all the relevant factors influencing individual parking choice behaviour and decision-making processes. 
 Parking choice process involves decision making. An efficient parking model should represent drivers parking choice more accurately, therefore behavioral models are considered as the cornerstones of agent based simulations.
 The major challenge in developing an agent based parking simulation model is the realistic nature of the parking choice behavior model. The concept of discrete choice modelling can be used to interpret parking choice behaviour of car drivers. According to this approach, an individual evaluates different characteristics (attributes) associated with the available options (alternatives) while selecting a parking place. These attributes can help to define parking choice behaviour of individuals. The researcher need to identify parking choice related attributes. All these attributes and alternatives if combined in a set, can depict a realistic decision making process (Train [1]). Although, it is difficult to represent this cognitive decision making in a mathematical form therefore, the stochasticity of decisions is modelled using probability (Train [1]). 

In all these models, agent’s decision for selecting a parking place is calculated using different factors. For PARKAGENT model, factors such as distance to destination and length of parking place are considered by the agents to select a parking spot (Benenson et al. [2]). Whereas, in SUSTAPARK the utility of parking space is calculated with respect to parking cost, egress time, access time and search time. In MATsim model, parking choice behavior is based on search time, walking time and parking cost (Waraich and Axhausen 6]). 



“Car drivers’ parklng behavior in PARKAGENT

1. Driving towards the destination.

2. Searching for parking.

3. After passing the destination
4. Staying at the found parking place.

5. Leaving the parking place

T p[ Preceive parking on-street ‘

I Continue search I

A
No

Decide to park

Yes

No +

Occupy parking space for
duration D

aximum parking time expired®

. 4. ] ..- : .' % 't " i i, -
i L T _.-'..-::'-:.: ,. y T-- l..I : ..I. ]
= s ..—' --. " -. # .: I.. ¥ - Y] f |
- Degtlnatl-r:-n ey TR e “1.. BARY =t
4 e, :- ] I| A - - e | ”

o : : universitet
23" International Conference on Urban Transport and the Environment 2017 Rome, Italy. »» hasselt

KNOWLEDGE IN ACTION



Presentator
Presentatienotities
The objective of this paper is to propose a behavioral model capable to exhibit parking choice process in PARKAGENT based on the principles of utility maximization (discrete choice approach). It is proposed that the agent should select a street with the higher utility to park its car. To calculate this utility preference, the factors affecting parking choice are identified on the level of streets (proposing that drivers’ decision to park on a street is based on the characteristics of the individual street segments rather than a parking spot). These factors can depict the parking situation in the street which affects drivers’ choice for selecting on-street parking. 
PARKAGENT is an agent-based spatially explicit parking simulation model. As an agent based model it has three basic elements (environment, agents and rules). The environment in PARKAGENT consists of several geographical layers (road network, parking places and buildings) of the city under investigation. The parking range and duration are defined at the beginning of the simulation. The model has a simulation time of one hour
The behaviour of the agent in the system is represented by a set of the rules (Benenson et al. [2]):
1. Driving towards the destination, estimating the parking supply.
2. Searching for parking.
3. After passing the destination
4. Staying at the found parking place.
5. Leaving the parking place and driving out of the system.
According to these rules the driver enters the system by arriving randomly at a street segment within the defined distance (400m) from the destination. As the driver arrives close to parking range (250m), he actually starts searching for parking. At this distance, the model driver continuously re-estimates the fraction of unoccupied parking places (Punoc).
During the journey, the driver selects the route that takes it closest to the destination, this route choice is based on shortest path algorithm (Benenson et al. [2]). While driving, it passes through a number of streets. While reaching closer to the destination the agent starts to actually think whether it should drive ahead or to stay within the same street. 



Agents parklng decision iIn PARKAGENT

» The agents’ decision to park is based on expected free
parking spaces between the current location and the
destination.

= EXxpected free parking spaces = Probability of getting
free parking place* distance to destination/length of
parking place.

= Probability of getting free space = Number of free
narking spaces/Total number of parking spaces
» Fexp <1 (parks) A P(D)

= Fexp >3 (continue driving) : /
universitel
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The expected free parking spaces (Fexp ) is calculated by unoccupied parking places (Punoc), distance to destination and length of parking space. 
When the expected number of parking places is 1 or lower, the car driver will always park at the first vacant parking place. For values in between 1 and 3 the probability P(D) defines the chance that the car driver keeps on driving as shown in eqn (2). The parking behaviour of agents in PARKAGENT is shown in Fig. 3.



On- street parkmg choice behaviour

Arriving on street

Movement within street

y

Evaluate street 91 Drive to next street

L 2
Park

The decision of an individual to park on-street depends on the
utility maximization (Ui )
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This means there is certain utility associated to each street. There are certain street related attributes (characteristics) that the agent considers while searching for parking. For example, if a driver is driving in a crowded street he will decide to go to the next street on certain factors that he considers for leaving the current street and going further. Accordingly, there are some factors that the driver considers for deciding if he is going to drive further or park in the street. At every instance of driving he evaluates either to park in the current street or go ahead. This concept of on-street parking choice has been shown in the (Fig. 4). 
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Extension of agents’ on-street parking choice

behaviour in PARKAGENT

The decision of an agent to park at a parking place should
consider factors associated with street (e.g. occupancy, cost,
security, etc.) and personal characteristics (e.g. age, gender,
Income,. etc.).

U; = Bo; + Z’1§=1 air (Xix) + Z£=1 Bix (Yix)+ E;.
Where,

B, - alternative-specific constant

a; = weight (or parameter) associated with personal attributes Xi,..., X, of
individual i
B; = weight (or parameter) associated with street attributes Y, ...,Y, available to an
individual i

X; = personal attributes of the individual i
Y1 = street characteristics available to individual i
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In case of on-street parking street level attributes play an important role. Assume for any given individual, there will exist an amount of utility for each street he passes by, while searching for parking. This utility is calculated from the (preference) weights the individual decision maker places upon the attribute levels intrinsic for that street (observed or unobserved). 



Extension of agents’ on-street parking choice

behaviour iIn PARKAGENT
= |dentification of attributes and attribute levels

= Stated preference questionnaire survey (Online
questionnaire )

= Data collection (1096 respondents)
= Analysis (Multinomial logit model using SPSS)

; . universitei
23 International Conference on Urban Transport and the Environment 2017 Rome, Italy. »» hasselt




|dentification of factors affecting on-street parking choice

Sr.No. | Attributes Description Attribute level
1. Parking costs | The price that the driver has |1. 1 euro/hour
per hour to pay for parking its car 2. 2 euro/hour
usually defined on hourly 3. free
basis.
2. Distance to | The distance of the street 1. 100m
destination where car is parked from the |2. 200m
destination. 3. 300m
3. Occupancy | The number of cars parked in |1. Low, occupancy, 50%
rate a street (expressed as 2. Medium occupancy, 75%
percentage) 3. High occupancy, 100%
4. Available Presence of security features |1. Nothing
security In a street to avoid 2. Guards
theft/vandalism of vehicles. [3. CCTV camera
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Although parking tariff and distance to destination significantly affect parking choice as indicated by several studies e.g. [8], [11], [10], there are other factors that affect parking decisions keeping in view the parking situation. The factors (attributes) related to on-street parking choice are also affected by number of cars in the street (occupancy) and presence of security. The attributes, measurement unit for each attribute and specification of the number and magnitudes of attribute levels describing a parking situation in a street are listed in the Table 3.



Multinomial Logit Model Estimates

Street Attributes Part- Significance
worth level
utilities

Over all utility (intercept) 1.505 0.000*
Parking cost (1 euro/hour) -0.867>|  0.000*
Distance to destination (100m) ?32% 0.089***
Occupancy (Low occupancy, 50%) |<(-0.431 0.010**
Available security (Guards) 0.280 0.042**

(* ** *** indicate significance at 1%, 5% and 10% level).

= Part-worth utilities of parking cost, distance to
destination, occupancy and security are in the expected
direction, giving face validity to the estimated model.

* The model fitting information (p = 0.000) indicates that
the overall model is statistically significant.
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The street characteristics considered in this model include parking cost, distance to destination, available security and occupancy rate as described above. The attribute levels of the above mentioned attributes have been deduced from the literature (see section 4).  In order to identify the significance of these street attributes on parking choice, an online questionnaire regarding on-street parking preferences was designed. The stated choice data collected, was analysed using multinomial logit model (MNL). The part-worth utilities and significance level of street attributes are listed below in Table 4.
In general, it can be concluded that part-worth utilities of parking cost, distance to destination, occupancy and security are in the expected direction, giving face validity to the estimated model. The model fitting information (p = 0.000) indicates that the overall model is statistically significant. According to the proposed extension in agents’ parking choice behaviour, every agent in the model has its personal characteristics (e.g. age, gender, income) and trip characteristics (e.g. purpose, duration). The agent starts moving towards the destination, while passing through the streets it evaluates street characteristics such as distance to destination, parking cost, security and payment options. Based on the street conditions the agent decides to park in the street or continue driving.
Negative sign (-0.861) this shows that if the cost is less more people will prefer to park on-street. Similarly, the parameters of distance to destination (-0.322) and occupancy (-0.431) show that people will prefer to park on-street if distance and occupancy are less. However, on-street parking preference is affected by availability of security (+0.280) but in this attribute the positive sign of the parameter indicates that a street with higher security will highly affect people’s preference to park in that street. 



		Street Attributes

		Part-worth 

utilities

		Significance level



		Over all utility (intercept)

		1.505

		0.000*



		Parking cost (1 euro/hour)

		 -0.867

		0.000*



		Distance to destination (100m)

		- 0.322

		   0.089***



		Occupancy (Low occupancy, 50%)

		- 0.431

		 0.010**



		Available security (Guards)

		0.280

		 0.042**








Conclusions

= Car drivers’ decision to park in a street also depends on the prevailing parking
situation of street.

= PARKAGENT is used as a parking policy evaluation tool, it is important to
Include street related factors when analysing the effects of suggested parking
measures.

= Literature on parking choice does not provide insights regarding the influence
of factors representing the parking situation such as occupancy, availability
of security, parking duration, surrounding activities etc. on car drivers’
preferences.

= This behavioural modelling approach will enhance the simulating capability
of PARKAGENT model by representing the parking choice decision of agents
In a more realistic way.

= The next step in this research is to perform simulations to measure the
predictive capability of the extended PARKAGENT model.
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