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Objectives

» Brief review on taxi models
* Presentation of the two developed models for the estimation of the optimum
size of the taxi fleet and the associated waiting time and unitary costs
= Agreggated model: average values for the entire region
= Agent-based model: micro simulation of the taxi market
» Application of the proposed models to the city of Barcelona
= Minimum number of taxis

= Optimum number of taxis (depending on the actor)
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Taxi modeling review
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Proposed models

Aggregated model — the objective function

MinZy+Z,+Z.+G

Model outputs:

Z 4 is the cost of the drivers (min) - z,; is the unitary cost of the drivers (min/trip)

Z,, is the cost of the users (min) - z,, is the unitary cost of the users (min/trip)

Z. is the additional cost for the city (min) - z. is the unitary cost for the city (min/trip)
G is the cost of the infrastructure (min) - g is the unitary infrastructure cost (min/trip)

Ty, is the waiting time of users (min)

Ty is the access time of users (min)

C is the average trip cost (€)

n is the average number of trips per hour and driver (trips)

AT, is the increase in the travel time of the other drivers caused by taxis (min)

Decision variables:

Aq is the taxi hourly supply (vehicles per hour and area of service)
D is the flag-drop charge (€)

Trm IS the taxi fee per unit of distance (€/km)

Tsec 1S the taxi fee per unit of time (€/min)
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Proposed models

Aggregated model — the constraints

* Access and waiting time of users lower than maximum values.

* Benefit of taxi drivers higher than minimum value.

* Emissions lower than maximum value.

* Congestion level lower than the maximum congestion level.
* Infrastructure cost lower than maximum value.

e Number of licenses between minimum and maximum values.
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Ta < Tamax
Tw < Twmax
Zq < —Bamin
Eq+E,< Epqx
AT, < ATymax
G < Gax
Aamin < Aa < Aamax
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Proposed models

Aggregated model — the users’ cost function

Zu=/1u'A'[aA'TA+aw‘Tw+alv'Tlv+
VoT,

Model outputs:

Ty, is the waiting time of users (min)

T, is the access time of users (min)

C is the average trip cost (€)

Model inputs (variables):

A, is the hourly demand for taxi trips (trips per hour and area of service)
A is the area of the region (km?)

T,y is the in-vehicle time of users (min)

Model inputs (parameters):

VoT,, is the value of time of the taxi users (€/min)

ay is the user perception factor of the access time

ay is the user perception factor of the waiting time
a;y is the user perception fag:tor of the in-vehicle time
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Proposed models

Aggregated model — the drivers’ cost function
, _taA
17 yoT,

|n-c—(n-d: Cim + Cp)]

Model outputs:
n is the average number of trips per hour and driver (trips)

Decision variables:
A4 is the taxi hourly supply (vehicles per hour and area of service)

Model inputs (variables):
Ais the area of the region (km?)
d is the average distance of the trip (km)

Model inputs (parameters):

VoT, is the value of time of the taxi drivers (€/min)

Cr.m is the operational cost per unit of distance of taxis (€/km)
Cy, is the hourly operational cost of the moving taxis (€/min)
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Proposed models

Aggregated model — the city cost function

Ad’A'CE'Ed+AU'A'CE'ATv'Ed

Z.=A, - A-AT, +
© v VoTy VoT,

Model outputs:
AT, is the increase in the travel time of the other drivers caused by taxis (min)

Decision variables:
A4 is the taxi hourly supply (vehicles per hour and area of service)

Model inputs (variables):

A is the area of the region (km?)

A, is the hourly circulating vehicles (vehicles per hour and area of service)
E; are the hourly vehicle emissions (kg of CO,)

Model inputs (parameters):
VoT, is the value of time of the other drivers (€/min)
Cg is the emission unitary cost for all vehicles (€/kg of CO,)
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Proposed models

Aggregated model
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Proposed models

Aggregated model
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Proposed models

Agent-based model
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Use case: Barcelona

The area of study

18 municipalities

2.650.000 habitants

330 km?

more than 12.800.000 daily trips

The network

1.600 km

8.000 intersections
20.000 links

The taxi market
10.482 taxis

11.076 driver licenses
24 dispatching centers
272 taxi stands
225.000 dally trips

The taxi trips database

9 years (2004-2012)

1.200.000 valid taxi trips
10.000.000 km (50% occupied)
600.000 hours (33% occupied)
270.000 trips with GPS data

Taxi services modeling for decision making support
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Use case: Barcelona

The aggregated model
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Barcelona

The agent-based model

Use case
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Use case: Barcelona

The agent-based model
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Conclusions

Aggregated models can analyze global performance of the taxi services
system but they cannot reflect local particularities of the network or provide
detailed results for different parts of the city. They are also limited in terms of
outputs, being unable to provide detailed results for all the involved actors. They
are based on average and statistical values, therefore the data necessities are
easier to fulfill than in more detailed models and their process time is zero.
Simulation models can provide much more detailed outputs, both in spatial and
time terms. They need much more detailed data which is difficult to collect and
process, and their process time is much higher than the one in the aggregated
models.

The combination of both models can produce significant benefits to decision
makers since they can analyze the taxi market macroscopic planning using
aggregate models and then refine the results by using simulation models, from
which they can obtain operational performance values and fine-tune their policies
taking into account particularities of the network.
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Conclusions

The two proposed models have been applied to the city of Barcelona using real
data form both, the real network and the real taxi trips. The models have been
validated with real data collected during 9 years from the taximeters of more
than 100 taxis, which have realized more than 1.200.000 trips during this period.
The results obtained in terms of vehicles per hour and area by the simulation
model are slightly lower than the ones obtained by the aggregated model. The
models have concluded that the system optimum number of taxis in Barcelona
is 34 — 40 vehicles per hour and km?, while the drivers optimum is slightly
lower (30 — 36 vehicles per hour and km?). They also provide the subsidization
value needed for obtaining the first best and having the lowest unitary cost without
causing losses to taxi drivers. These results can be used by decision makers
when planning policy for the taxi sector while more detailed and localized data can
be obtained from the simulation model in order to analyze the operational
performance level of the taxi services.
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