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Abstract: As the travel purpose of non-occupied taxies is to find new passengers rather than to arrive at the
destination, large differences exist in the route choice behavior between the occupied and non-occupied taxies.
With the assistance of geographic information system (GIS) and taxi-based floating car data (FCD), this paper
investigates the behavior differences between occupied and non-occupied taxi drivers with the same origin and
destination. Descriptive statistical indexes from the FCD in Shenzhen, China are explored to identify the route
choice characteristics of occupied and non-occupied taxies. Then, a conditional logit model is proposed to model
the quantitative relationship between drivers’ route choice and the related significant variables. Attributes of
the variables related to non-occupied taxies’ observed routes are compared with the case of occupied ones. The
results indicate that, compared with their counterparts, non-occupied taxi drivers generally pay more attention
to choosing arterial roads and avoiding congested segments. Additionally, they are also found less sensitive to
fewer traffic lights and shorter travel time. Findings from this research can assist to improve urban road network
planning and traffic management.
Key words: non-occupied taxies, route choice behavior, floating car data (FCD), geographic information system
(GIS)
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0 Introduction

An in-depth comprehension on drivers’ route choice
decision-making is essential to urban road network
planning and traffic management. Especially, taxi is an
important mode of urban transportation. For example,
until 2010, the share of road resources by taxi is about
20.43% in Beijing, and the non-occupied rate of taxi
usually exceeds 50%[1]. Unfortunately, the vehicle be-
havior of non-occupied taxies is not as regular free flow
or car-following, which may increase the uncertainty
of traffic flow. Consequently, analyses of non-occupied
taxi drivers’ travel behaviors are critical in generating
an appropriate assignment of traffic volume, and thus
to improve the performance of urban road network.
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Theories on travel behavior provide a novelty per-
spective to explore the relationship between drivers’
sense perception (route attributes) and their route
choice behavior[2]. Within the framework, the process
of route choosing is explained as a utility maximization
process[3]. The route choice behaviors of non-occupied
taxi drivers or the behavior differences between non-
occupied taxi drivers and occupied taxi drivers are sel-
dom considered in previous literature, and consequently
are worth further analyzing.

The main motivation of this study is to investigate
the differences between occupied and non-occupied tax-
ies in route choice behavior characteristics, with as-
sistance of geographic information system (GIS) tech-
nologies. Route choice behavior data of taxi drivers
are collected from the taxi-based floating car data
(FCD). A conditional logit model is proposed to ex-
plain the observed route choice behavior of occupied
and non-occupied taxies. More specifically, the first
sub-objective is to analyze the statistics of the route
chosen by non-occupied taxi drivers and occupied taxi
drivers, with the corresponding characteristics; the
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second sub-objective is to model the choice process of
the two types of drivers and expose the possible impact
degree of the attributes on the process; the third sub-
objective is to explain the route choice decision by the
observed preference characteristics.

As urban road network planning requires complete
understanding of travel behavior, researchers in trans-
portation area are rather interested in characterizing
travel behavior of various drivers. In the early studies,
the routes chosen were considered as either the shortest
one or the fastest one[4-5]. However, the actual choices
by drivers do not always comply with the traditional
assumption. For studying the route choice behavior,
scholars have endeavored to explain the route choice
process with various experiments. Some studies[6-7] as-
sumed that the travel time of alternative routes is in-
dependent of drivers’ route choice behavior and is only
related to the attributes of the alternative routes. Be-
yond transportation area, Barron and Erev[8-9] assumed
that the route information provided by drivers is solely
depended on a feedback mechanism on their previous
driving experiences. Studies were carried out to in-
vestigate the accuracy of traveler perceptions, indicat-
ing that the travelers’ perception usually differs with
the environment[10]. However, Raghubir et al.[11] found
that the travel time perceptions are also related to the
route trip familiarity.

Various data were collected from multiple sources and
used to analyze the travel behavior. Previous stud-
ies, in particular, were based on either stated prefer-
ence surveys[12] or travel simulators[13]. Nonetheless,
they were impossible to capture driver behavior in real-
world traffic conditions without actual driving experi-
ences. This indicates the importance of global position
system (GPS) based and real-life experiments in the
travel behavior studies[14-16]. Logit and probit specifi-
cations were introduced into the classical random utility
models to simulate the process of route choice decision-
making. Cascetta et al.[17] proposed the conditional
logit model to improve the prediction accuracy of route
choice, which is empirical in dealing with discrete choice
data and supplying a set of alternative routes with little
overlap. Additional studies considering aspects of over-
lapping paths and other modeling strategies to account
for these correlations may be found from Refs. [18-19].
A significant amount of research has been performed
to identify variables which may better explain drivers’
route choice. Generally, travel time, travel time vari-
ability and the attributes of alternative routes are re-
garded as the important variables affecting route choice
behavior[2-3]. Papinski et al.[14] demonstrated that a
constrained choice set using potential path areas pro-
vides the best model fit results. Spissu et al.[20] de-
veloped a methodology to compare the observed and
minimum cost routes based on several route choice in-
formation, while Li et al.[21] revealed that route choice

behavior relates to the familiarity to origin-destination
pairs. From the perspective of a taxi driver, Sun et
al.[18] demonstrated that travel distance, travel time
and road preference have high influence on taxi drivers’
route choice. Zhang et al.[22] proposed a comprehensive
taxi assessment index to quantify the quality of exist-
ing urban taxi system with the assistance of GIS tech-
nology. Additional studies considering aspects of over-
lapping paths and other modeling strategies to account
for these correlations may be found from Refs. [23].

In summary, drivers’ route choice behaviors have
aroused extensive research effort, and GPS data have
been a normal resource for travel behavior study in re-
cent years[23]. Unfortunately, the route choice behavior
of non-occupied taxi has not been studied adequately,
which may be an uncertain factor influencing urban
road traffic.

1 Data and Methods

1.1 Data Preparation
Data for this study are obtained from the taxi-based

GPS devices in Shenzhen, including taxi position, occu-
pancy state (with passengers or not), occurrence time
and real-time operation speed. The detailed structure
is shown in Table 1.

Table 1 The FCD structure

Field Type Comment

Time Time HH: MM: SS

Company Character —

Car ID Integer Each taxi with a unique ID

Longitude Float —

Latitude Float —

Speed Float —

Angle Float Degree to the north direction

Operation Binary 1, with passenger; 0, without passenger

The external environment such as weather, tunnels
and buildings usually produces deviations to the GPS
data. Consequently, it is critical to adjust vehicle loca-
tion for further analyses. ArcGIS 10 is used to adjust
the floating car location to the nearest road segment
with the assistance of “spatial join” tool.

As the interval between two continuous floating car
points is 1 min, which is difficult to track the exact tra-
jectory of cars, two additional steps are used to enhance
the accuracy of positioning.

Firstly, spatial constraint is used to exclude unrea-
sonable trips, such as U-turn. The occurrence of these
is perhaps due to drivers’ mistake, and should not be
considered.

Secondly, the floating car location is adjusted to the
nearest road by using the “spatial join” tool within the
ArcGIS software.
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As the research purpose is to explore the differences
of route choice behavior between occupied and non-
occupied taxies, 600 non-occupied and 600 occupied
taxi trips from 954 drivers are chosen to form the ba-
sis of the study. For each category, 25 field data sets
are chosen from each hour within a day. Trips from
the same origin location O to the same destination
location D are selected to eliminate the influence of
travel purpose on route choice behavior. The junction
of Nanyuan Road and Huafa South Road surrounded by
office buildings, and the junction of Shangbu Road and
Zhenhua Road near a small business center are selected
as the origin O and the destination D, respectively. The
reason is that roads in this area have different route
attributes such as choice frequency. Locations of the
origin O and the destination D are presented in Fig. 1.

O

D

1 2 3 4

Fig. 1 Four selected routes

Given the huge number of taxi drivers (greater than
15 000), only 126 drivers selected are identified with 2
or more trips. In order to remove the interference of
abnormal travel behaviors and simplify the calculation
procedure, a feasible set of alternative routes are identi-
fied as follows. The frequency of each alternative route
is chosen as an assessment criterion, since routes with
low frequency may have terrible traffic condition and
are not suitable as an alternative route. Based on the
statistics of travel trajectory, four routes with the high-
est frequencies are selected as the alternative routes of
this study, as shown in Fig. 1.
1.2 Conditional Logit Model

During the route choice, a driver generally faces var-
ious alternative routes with different characteristics.
One route has to be chosen according to the criterion
of maximal utility. As a result, the choice among al-
ternative routes can be modeled as a function, reflect-
ing the unique characteristics during different phases.
The conditional logit model proposed by McFadden[24]

is appropriate to simulate route choice behaviors under
this situation, and it is usually used to deal with dis-
crete choice data. The advantage is that the conditional
logit model can calculate condition likelihood function
separately for each group.

The conditional logit model used in this study is
based on several important assumptions. The first as-
sumption considers that when a driver makes a route
choice, the utility of each route choice needs to be es-
timated and the individual’s utility maximization de-
cision needs to be made. For example, an individual i
chooses among J alternatives. Each j provides a dif-
ferent level of utility with the utility function Uij con-
sisting of an observable or deterministic part Vij and a
random component εij :

Uij = Vij + εij . (1)

Assuming the random component εij follows an
extreme-value distribution of Type I, the probability
that the individual i chooses the alternative j is

Pij = P{Uij > Ui|m}, ∀m �= j, (2)

where Ui|m represents the utility value of the individual
i choosing any potential alternative m.

The second assumption is that the error terms are in-
dependent of each other, which implies the probability
of choosing between two alternatives is independent of
the attributes of other routes. The probability that the
individual i chooses the alternative j can be calculated
as

Pij =
exp (Vij)

J∑

j=1

exp (Vij)

, ∀m �= j, j ∈ J, (3)

where J represents the entire choice set of alternatives.
The estimated log likelihood function is

l =
n∑

i=1

J∑

j=1

dij ln P{yi = j}, (4)

where dij equals 1 if the individual i chooses the alter-
native j and 0 otherwise, n represents the total number
of taxi drviers, and yi refers to the alternative chosen
by the individual i.
1.3 Model Specification and Variable Selection

In order to understand the mechanism of taxi driver’s
route choice based on the GPS data, a set of explana-
tory variables have to be obtained[25]. Then, the con-
ditional logit model is introduced to test if the route
choice behavior can be explained by these explanatory
variables. The explanatory variables in this study are
selected as follows: the longest leg distance dll, traffic
light count C, arterial road percentage Rar, expected
travel time T̄t and congested segment percentage Rcs.

The longest leg refers to a set of segments in which
car can pass through directly and need not make turn.
Disregarding the influence of travel time, drivers tend to
select a route with longer D to improve driver’s comfort
level.
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To decrease the time wasted on controlling delay of
the intersection, drivers tend to avoid passing through
the traffic lights.

Different road levels reflect different population den-
sities and traffic volumes. Area adjacent to arterials is
usually accompanied with robust transportation facili-
ties and entertainments attracting more vehicles.

These explanatory variables are independent of time,
and several descriptive statistical values of the explana-
tory variables of four routes are calculated, as shown in
Table 2.

Table 2 Characteristics of the time-independent
explanation variables

Route dll/m C Rar

1 738 3 0.465

2 719 3 0.813

3 478 2 0.507

4 420 4 0.276

The expected travel time is a significant factor influ-
encing drivers’ route choice behavior. Taxi drivers are
usually veterans with rather sufficient understanding of
road conditions. When a taxi driver faces alternative
routes, he/she need estimate the travel time of each al-
ternative route at the moment by driving experiences.
In this study, the average travel time of each alternative
route per hour is calculated on the basis of the histor-
ical data. By tracking taxi trajectories of 1 200 trips
selected in this study, the expected travel time of four
trips at each hour of a day is shown in Fig. 2, where t
represents each hour within a day.

At a certain period of a day, some roads may un-
dertake considerably congested traffic and result in a
rather low vehicle speed. In this study, any segment
with average vehicle speed under 20 km/h is consid-

ered as congested segment. Then, a taxi driver will
deliberately avoid the congested roads according to the
judgement. The percentage of congested segments at
the moment can be presented as

Rcs = Lleg/Ltotal, (5)

where Ltotal represents the distance of the entire route,
and Lleg represents the distance of the congested seg-
ments at the moment.

At different periods, the congestion level of each route
is different. The hourly percentage of congested seg-
ments for each route is calculated, as shown in Fig. 3.

The historical data used in this study cover 1 200
trips in September 2014. By analyzing the data, trip
characteristics of 600 occupied taxies and 600 non-
occupied taxies, including dll, C, Rar, T̄t and Rcs, are
obtained. The average value and standard deviation
(s.d.) of each variable are calculated, as shown in Ta-
ble 3. It can be found by analyzing the route choice
characteristics that the preferences of non-occupied and
occupied taxi drivers are noticeable. Many slight differ-
ences exist between the route choice behaviors of non-
occupied and occupied taxies, as shown in Table 3. The
route of non-occupied taxies has averagely longer dll, in-
dicating that drivers of non-occupied taxi are unlikely
to switch to reduce the travel time during driving pro-
cess. In the aspect of traffic light count, occupied taxi
drivers try to avoid heavy traffic light deliberately. The
statistical results about Rar show that non-occupied
taxi drivers tend to choose the route with higher traffic
volume and road level to hunt more passenger flows.
The comparison of the average travel time of the two
types shows that non-occupied taxies are less sensitive
to decrease travel time than the occupied taxies. It is
difficult to ascertain as the congested road ratios of two
types are similar.
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Fig. 2 Expected travel time for four proposed routes
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Fig. 3 Percentages of congested segments for four routes

Table 3 Route attribute statistics (mean ± s.d.) of occupied and non-occupied taxi trips

Taxi type dll/m C Rar T̄t Rcs

Occupied 562.1 ± 120.9 2.47 ± 0.61 0.58 ± 0.16 385.4 ± 124.5 0.75 ± 0.33

Non-occupied 601.1 ± 129.4 2.71 ± 0.63 0.61 ± 0.18 406.6 ± 133.2 0.77 ± 0.33
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2 Analyses of Results

As the conditional logit model is introduced to test
various variables, the problem of partial multicollinear-
ity in some variables may result in the failure of sig-
nificance test. Without the variable of dll, four factors
including C, Rar, T̄t and Rcs are selected. Tables 4
and 5 present the results of occupied and non-occupied
taxies based on the conditional logit model, where B
represents the coefficient of each attribute.

Table 4 Omni-bus test of model coefficients for oc-
cupied and non-occupied taxies

Taxi Type
−2 log

likelihood

Overall score

Chi-square Significance

Occupied 215.377 106.416 0

Non-occupied 258.6 66.279 0

According to likelihood ratio and Wald tests related
to occupied taxies and non-occupied taxies, the esti-
mated conditional logit model based on maximum like-
lihood estimation is significant at 99% significance level.

Wald chi-square for all factors is significant at 95%
importance level.

According to Tables 4 and 5, among these factors,
the percentage of arterial road has a positive effect on
the route choice both for occupied and non-occupied
taxi drivers. An increase of one unit of the arterial
percentage increases the probability of choosing route
1.479 units for occupied taxi drivers and 2.194 units for
non-occupied taxi drivers. Traffic light count, expected
travel time and percentage of congested road are con-
sidered as the negative factors in route choice decision.
An increase of one unit in them will decrease the prob-
ability of choosing route 0.962, 0.019, 2.765 units for
occupied taxi drivers and 0.366, 0.008, 4.281 units for
non-occupied taxi drivers. The results indicate that the
routes with higher arterial road percentage, fewer traf-
fic light count, shorter travel time and less congested
road percentage are generally more preferable.

Behavior differences of occupied and non-occupied
taxi drivers are further investigated. The percent-
ages of arterials and congested segments generally have
more influence on non-occupied taxi drivers, which
means non-occupied taxi drivers pay more attention
to choosing arterial roads and avoiding congested seg-
ments. The regression coefficients of traffic light count
and expected travel time indicate that occupied-taxi
drivers are more sensitive to fewer traffic light count
and shorter travel time.

3 Conclusion

In this study, taxi GPS data from Shenzhen, China
are analyzed to investigate the difference of route choice
behavior between occupied and non-occupied taxies. In
order to obtain the trajectory of taxies, 1 200 trips are
traced using GPS data with several factors chosen and
compared to demonstrate the characteristics of drivers.
After modeling the mechanism of drivers’ route choice
process, the results indicate that traffic light count, per-
centage of arterial road, expected travel time and per-
centage of congested road are the important factors af-
fecting drivers’ route choice. The regression coefficients
of these factors are −0.965, 1.479, −0.019, −2.765 for
occupied taxies and −0.636, 2.194, −0.008, −4.281 for
non-occupied ones. This study demonstrates that non-
occupied taxi drivers generally pay more attention to

choosing arterial road and avoiding congested segments,
rather than to fewer traffic light count and shorter ex-
pected travel time.

With the case study of Shenzhen, the non-occupied
taxi drivers’ route choice preference is revealed. The
findings have a significant importance in congestion
mitigation and road network planning. For example,
rules may be stipulated to regulate the passenger hunt-
ing behavior, e.g. to restrain or even forbid them on cer-
tain roads, particular for the Uber or Di-Di drivers. As
the route choice preference of non-occupied taxi drivers
may induce urban congestion on the roads, location op-
timization for taxi stands is essential in improving the
operational level of service (LOS) of traffic. While the
results are promising, further studies need to be con-
ducted to improve the performance of the model. For
example, additional information on drivers and their
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associated demand profile for pick-ups are helpful, be-
cause the aspect of route choice is also based on avail-
able demand (passenger pick-ups). However, as the
age, gender and education background of drivers are
unknown from the GPS data in this study, the model
can better explain the choice behavior by combining
the intra-individual variabilities. Moreover, although
the study only considers the effect of traffic condition,
real-time external data increase the accuracy of results,
and further context of land-use and destination choice
is also important in driver route choice. To this end, the
influence of weather and the condition of route facility
need to be explored in the further studies.
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