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a b s t r a c t
Freight Trip Generation (FTG) in general and FTG modelling in particular are ﬁelds that are not concentrated
upon as much as passenger trip generation. Therefore, the main objective of this work was to improve the understanding of the underlying processes that generate freight trips and through this understanding, to improve the
modelling of FTG. To achieve this goal, the authors ﬁrst had an extensive literature review to understand the
reasons for the weaknesses of the current FTG modelling approaches. After identifying these weaknesses, some
of them were brought to a focus in this work. One of the main weaknesses was the inadequacy of the classiﬁcation system which was used to group commercial establishments in a set of standardized classes. Hence, ﬁrstly an
experiment was conducted to create groups of logistical sites that had homogeneous FTG characteristics. It was
observed that one of these segments had too many zero trips for a particular vehicle category, namely tractortrailers. Then, to solve this problem, a new ‘conditional’ modelling approach for FTG modelling of this group
and this vehicle category was proposed and tested using the data obtained from Kocaeli City Logistics Master
Plan. This new hypothesised conditional approach aimed to ﬁnd the probability of the segment generating
tractor-trailer trips using the binary logit model and the generated trips given that the sites produced tractortrailer trips using the regression technique. Afterwards, the models developed using the new approach were
compared with the models obtained using only the common modelling approach of the regression analysis.
The results indicated that creating homogeneous groups of logistical sites was possible and the new conditional
modelling approach which was applied to one segment of the logistical sites for FTG of tractor-trailers, performed
better than the regular regression modelling. Lastly, some recommendations for further improvement of this
modelling approach were provided.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction and background
Freight transportation and its planning issues are very important in
that not only do they affect the transportation as a whole, but also the
economy in general. In urban areas, freight transportation mechanisms
are interdependent upon the land-use schemes as well as geographical
properties (Lindholm and Behrends, 2012; Allen et al., 2012). Hence, it
is essential to consider freight transportation not only for transportation
in general but also for the development of urban areas. Lindholm and
Behrends (2012) asserted the importance of freight transportation
planning along with the impossibility of separating freight transportation
planning from passenger transportation planning. Most importantly, they
drew attention to the fact that many cities have failed to ﬁnd the
appropriate planning solutions for freight transportation problems
so far. They implied that in order to ﬁnd the correct solutions for
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transportation planning, local authorities should prioritize obtaining
information about freight transportation and integrate the planning
solutions into passenger transportation. In an integrated passenger
and freight transportation master planning study with feedbacks
from the land use plan performed for Kocaeli, Turkey, it was found that
in the two freeway systems crossing the city in the east-west direction,
freight transportation constituted a considerable amount of trafﬁc.
Slightly over 60% of trafﬁc, expressed in terms of passenger car units
(pcu.s), on one and around 40% of trafﬁc on the other, were due to freight
transportation (Bogazici Project Engineering Inc., 2012). Therefore, it is
extremely important that ﬁrstly, the freight trafﬁc should be correctly
determined and forecasted, and secondly, it should be carefully integrated with the passenger trafﬁc. Unfortunately, this combination;
i.e., integration of freight transportation planning studies with passenger transportation planning studies, is rarely done; and this is one of
the problems in the study of freight transportation especially in urban
and regional context. The freight models calibrated for Kocaeli were
also instrumental in ﬁnding optimum locations for logistical villages
and some new logistical facilities (Bogazici Project Engineering Inc.,
2012). Therefore, the geographic formation of the city, i.e., land use
form, can be planned in a better way and structured accordingly.
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Likewise, freight transportation planning and modelling in general,
and generation of freight trips in particular are ﬁelds that are concentrated on less compared to passenger transportation. It is under-researched,
usually with limited understanding of the issues involved and limited
objectives; and for many decades, it has been treated in an inconsistent
manner without an overall coordination of all the related activities
and modelling parts (Holguin-Veras et al., 2011, 2012; Wigan and
Southworth, 2006).
Ogden (1992) and Holguin-Veras et al. (2013) named the two
approaches to estimate the generation of freight in freight transportation
planning framework. The ﬁrst one is Freight Generation (FG), which is the
generation of commodities transported by vehicles. The second one is
Freight Trip Generation (FTG), which stands for the generation of vehicle
trips that carry freight, which is the scope of this research. Holguin-Veras
et al. (2013) identiﬁed certain premises that are considered to be essential
for FTG. The ﬁrst and perhaps the most important one is the need to make
a distinction between the FTG and FG, and the second one is that the
accuracy of the FG/FTG models depended very much on: (1) the adequacy
of the classiﬁcation system used to group commercial establishments in a
set of standardized classes; (2) the ability of the measure of business size
used to capture the intensity of FG/FTG; (3) the validity of the statistical
technique used to estimate the model; and (4) the correctness of the
aggregation procedure used to estimate aggregate values (if required)
(Holguin-Veras et al., 2013, p. 4–5).
Modelling in this work considered vehicle trips (FTG) as the unit of
transport rather than commodities (FG) for several reasons. Firstly, as
also stated by Holguin-Veras and Thorson (2003), majority of FTG
modelling takes empty trips made by vehicles into account. Consideration
of empty vehicles is crucial for urban freight transportation planning,
hence for this research. The presence of empty vehicles in models is
important because as reported by Holguin-Veras and Patil (2008),
empty vehicles made 30% to 40% of the total freight trafﬁc in their
study. DeVries and Dermisi (2008) also mentioned the signiﬁcance
of the empty vehicle issue in the research report about the trip
generation at urban distribution centres in Chicago area. Furthermore,
as stated by Ogden (1992), the vehicle-based modelling approach is a
more suitable approach for urban areas. On the other hand, vehiclebased models fail to address the governing economic and behavioural
mechanisms of the freight demand (Holguin-Veras and Thorson, 2000).
Holguin-Veras et al. (2014) summarized various approaches that
have been used for FTG modelling so far. These approaches can be listed
as trip rates, linear regression, spatial regression, cross-classiﬁcation
method, multiple classiﬁcation analysis (MCA) and neural networks.
Building models considering the logistical decisions would reveal
the behavioural issues at freight transportation. Ben-Akiva and de Jong
(2013), Boerkamps and van Binsbergen (1999), Chow et al. (2010),
Hensher and Figliozzi (2007), Iding et al. (2002) and Ogden (1992)
pointed out the importance of logistical decisions in FTG. They argued
that logistical decisions had an impact on the frequency of shipments
and vehicle types of transport, thus affected FTG at establishments.
Recently, Jaller et al. (2014a) have used a two-step approach for
modelling freight trip production (FTP). They deﬁned FTP as the sum
of the empty incoming trips and loaded outgoing trips, and freight trip
attraction (FTA) as the sum of incoming loaded trips and outgoing
empty trips. Firstly, for determining whether the establishment is a
pure receiver (only receiving goods) or an intermediary (both receiving
and shipping goods), they used binary logit model. Next, they formulated
a regression model for estimating the FTP. This two-step modelling was
applied to each different sector provided in the data. In the binary logit
model, they used the employment of the facility, industrial sectors of
establishments (as dummy variables), and interaction terms between
industrial sector and FTA of the establishment. For the regression modelling part, they used the employment of plant as the explanatory variable.
This two-step approach produced better estimates for FTP for trucks.
This research aimed to address the two current weaknesses of the
FTG/FG modelling approaches stated above by Holguin-Veras et al.
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(2013). The ﬁrst weakness is the inadequacy of the classiﬁcation system
used to group commercial establishments in a set of standardized
classes. The second one is the validity of the statistical techniques that
are used to estimate the model. Serving this general goal, the following
objectives were aimed:
(1) to group logistical sites into segments that are homogeneous in
their FTG characteristics;
(2) to investigate alternative modelling strategies that are suitable for
the segments created by introducing new statistical techniques
with new variables, reﬂecting logistical decisions;
(3) to check the validity of the new approach and models developed,
and to compare these models with one of the commonly used
techniques; i.e., linear regression; and;
(4) to recommend further research needed in this area.

In the following sections, ﬁrstly, an explanation of the data used and
the methodology for the study were provided. This was followed by the
presentation of the results of the study that included the segmentation of
logistical sectors, model calibration and validation. Finally, conclusions
and recommendations have been given in the last section.
2. Data and methodology
2.1. Data
The data used for this paper was obtained from the Kocaeli Logistics
Master Plan (KOLMAP) study (Bogazici Project Engineering Inc., 2012)
in Turkey and were collected between August and December in
2011. Kocaeli province had a population of 1,676,202 as of 2013
(TUIK - Turkish Statistical Institute, 2013) and is one of the biggest
industrial cities in Turkey. As of 2012, the city's share in the production
industry of Turkey was 13% and there are approximately 2200 industrial
establishments such as ports, depots, logistics companies and factories
in the metropolitan area. It should be noted that 28 of the biggest
100 enterprises of Turkey are located in Kocaeli (Kocaeli Chamber of
Industry, 2012). Geographically, Kocaeli is located at a strategically
very important area for various reasons: Firstly, it is located at 90 km
east of Istanbul, which is Turkey's largest metropolitan area and has
one of the major highways of Europe, E-80, passing through it and
connecting Europe to Asia. Furthermore, Gulf of Izmit is a part of
Kocaeli, which is connected to both Bosphorus and Dardanelles via
Sea of Marmara and is Kocaeli's gateway to the international shipping
trafﬁc. Consequently, most of the industries in the area are located in
the vicinity of the shore of the gulf.
Data collection for the study included interviews with the logistical
establishments, interviews with the drivers of commercial vehicles
entering and leaving large establishments, vehicle counts including
large truck categories at entrances/exits of establishments, and screen
and cordon line counts at various sections of the metropolitan area
(Bogazici Project Engineering Inc., 2012). Interviews were carried out
at 337 establishments out of a total of 2737 that were identiﬁed in the
region. Fig. 1 shows the map of the Kocaeli province and the distribution
of the logistical establishments in the study. The interviews were held
with the personnel in the managerial positions by surveyors who
were university graduates. For large establishments (such as ports),
in-depth interviews were held by using teams consisting of project
company experts, municipality ofﬁcials, and a group of managers from
the establishments. Some of these interviews took more than a day.
The numbers of freight trips to and from the establishments were
asked using a time frame of a day, week or a month, depending upon
the establishments' records but, later on, all of them were converted
to daily trips. Of course some of these trips were intra urban and some
either started outside and ended inside or started inside and ended
outside of the Kocaeli area. The establishment interviews provided
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Fig. 1. Studied logistic establishment locations in Kocaeli province (Bogazici Project Engineering Inc., 2012).

important characteristics such as the total area, number of employees,
number of commercial vehicle movements produced and attracted to
the establishment. However, it was expected that, especially as the
establishment grew in size and complexity (such as organized industrial
areas and ports), the commercial vehicle trafﬁc generation estimates of
the establishment would become less reliable. Hence, further commercial vehicle interviews and trafﬁc counts were made at the entrances
and exits of such establishments as well. These included interviews
with vehicles entering and leaving the establishment at every 5th
minute. A total of 5873 interviews were completed at 27 large logistical

establishments. Trafﬁc counts were made at 17 stations on four screen
lines within the region, three external screen lines at the borders of
the study area, and one cordon line which was established around a
large commercial and industrial area, Hereke. The volume counts were
made on these stations during a twenty-four-hour period, and these
were later used for checking and validating the trafﬁc estimates that
are reached through the transportation models. As an example of one
of these validation studies (Bogazici Project Engineering Inc., 2012),
the comparison of trip assignments estimated by the trip assignment
model which was calibrated using the collected data and the actual

Fig. 2. Comparison of highway assignments and screen-line counts for the KOLMAP study (Bogazici Project Engineering Inc., 2012).
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Table 1
List of the logistical site types in data (Bogazici Project Engineering Inc., 2012).

Ports
General warehouse
National depot
Large manufacturer depot
Coal storage depot
Liquid storage area
Regional logistics company
Small industrial site
Large factory
Other factory and production site
Total
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Table 3
Vehicle classes made by FHWA (Cambridge Systematics, 2007).

Sample size

%

Class

Vehicle type

8
13
17
14
19
18
18
12
39
29
187

4.3
7.0
9.1
7.5
10.2
9.6
9.6
6.4
20.9
15.5
100.0

1
2
3
4
5
6
7
8
9
10
11
12
13

Motorcycles
Passenger cars
Other two-axle, four-tire single unit vehicles
Buses
Two-axle, six-tire, single-unit trucks
Three-axle single-unit trucks
Four-or-more-axle single-unit trucks
Four-or-fewer-axle single-trailer trucks
Five-axle single-trailer trucks
Six-or-more-axle single-trailer trucks
Five-or-fewer-axle multitrailer trucks
Six-axle multitrailer trucks
Seven-or-more-axle multitrailer trucks

volume counts on the screen lines is given in Fig. 2. As it can be seen
in this ﬁgure, an R2 of 0.95 was obtained between the observed and
estimated trafﬁc on the screen line stations which is quite favourable.
For making sure that models could be built for each logistical site type
separately, only the logistical site types with 8 or more establishments
were included in this research. Table 1 shows the logistical site types
selected from KOLMAP study (Bogazici Project Engineering Inc., 2012).
Taking this criterion into account, the data for this study included 187
establishments, which is a sample of the logistical sites in Kocaeli
province. As it can be observed in Table 1, large factories had the highest
share with 39 establishments (20.9%), and ports had the lowest number
of establishments with 8 (4.3%).
From the data, information about the number of daily freight vehicle
trips at each facility (total, incoming and outgoing), each facility's total

area and actively used area in decare (a thousand square metres, or
0.247 acres), and employment were available. Actively used area is the
area of a given facility which is effectively used for business operations.
In previous studies (Brogan, 1980; Fischer and Han, 2001;
Holguin-Veras et al., 2012, 2013; Iding et al., 2002; Jaller et al., 2014a,
2014b; Tadi and Balbach, 1994), area and employment of the establishments were the most widely used independent variables to explain FTG.
Indeed, these variables were found to be the most relevant ones to this
research as well. In addition to these variables, activity type;
i.e., industry sector and various other information at each establishment
were also collected in surveys for the KOLMAP study. The activity types
that were used in the study were obtained from the Classiﬁcation of
Economic Activities in the European Community (NACE) Rev. 1.1

Table 2
Activity types (European Commission, 2002).
Activity
code
Activity name
1
3
4
7

9
10
11
12
13
14
15
18
21
23
25
26
27
30
41
42
43
44
45
47
50
51
53
54
55
57
58
61
a

Mining of metal ores
Manufacture of food products and beverages
Manufacture of textiles
Manufacture of wood and of products of wood and
cork, except furniture; manufacture of articles of straw
and plaiting materials
Publishing, printing and reproduction of recorded media
Manufacture of coke, reﬁned petroleum products and
nuclear fuel
Manufacture of chemicals and chemical products
Manufacture of rubber and plastic products
Manufacture of other non-metallic mineral products
Manufacture of basic metals
Manufacture of fabricated metal products, except
machinery and equipment
Manufacture of electrical machinery and apparatus n.e.c.a
Manufacture of motor vehicles, trailers and semi-trailers
Manufacture of furniture; manufacturing n.e.c.a
Other manufacture types
Production
Wholesale and Retail
Storing
Other types in logistical focal point survey
Port administration
Customs consulting
General warehouse administration
National depot administration
Large manufacturer depot administration
Retail distributor main depot
Bulk material depot
Fuel terminal
Other liquid material storage
Logistics company
International road transport
Domestic road transport
Other types in logistics company survey

Not elsewhere classiﬁed.

Number of
establishments
2
3
1
2

1
1
4
6
1
11
2
1
2
1
30
3
1
1
7
8
2
16
7
5
12
15
13
2
9
2
5
11
Fig. 3. Research methodology.
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Table 4
Levene's tests for dependent variables.

NTTT
ln(NTTT)

Levene
statistic

Degrees of
freedom 1

Degrees of
freedom 2

Signiﬁcance

3.232
1.806

9
9

177
177

0.001
0.070

(European Commission, 2002). Four types of surveys were conducted,
based on the establishment's sector, namely, port survey, logistical
site survey, industrial company survey and logistical company survey.
Activity type of the establishments was asked in all survey types except
for the port survey. Three categories, namely ‘Other manufacture types’
(for industry survey), ‘Other types in logistical site survey’, and ‘Other
types in logistics company survey’ were grouped as ‘Others’ by KOLMAP
in the list of activity types. In the port survey, since no questions regarding
activity type were asked, the default activity type of ports was accepted as
‘Port administration’. The list of the activity types with the corresponding
number of establishments is given in Table 2. Only the observed activity
types from NACE Rev. 1.1 were included in Table 2.
The conditional modelling approach was applied only to one of the
logistic segments and one of the vehicle categories, namely tractortrailers, because it was observed that this segment had many zero trips
for tractor-trailers, hence this modelling approach became relevant.
Cambridge Systematics (2007) listed the vehicle types deﬁned by the
Federal Highway Administration (FHWA), which are given in Table 3.
In this research, tractor-trailers are the vehicles with classes from 8
through 13.

2.2. Methodology
The research methodology followed in this study is given in Fig. 3. First
of all, in order to identify the dependent variable(s) that can be used in the
modelling, correlations between the candidate dependent variables,
namely numbers of incoming and outgoing tractor-trailer trips were investigated. This was done because if the variables were highly correlated,
then there would be no need to develop separate models for incoming
and outgoing tractor-trailer trips. If the variables had low correlational
values, then the models would be developed separately.
After the correlations were examined, and the dependent variables
were identiﬁed, segmentation of the logistical site types with respect to
FTG was made. Previous studies had indicated that FTG varied for each logistical site type (Fischer and Han, 2001). However, by segmentation, it
was aimed to determine the logistical site types which were similar to
each other in terms of freight trips they generated, thus reducing the necessary number of FTG models and furthermore reducing the time and
costs for future surveys. To obtain segmentation, logistical site types
were grouped using Analysis of Covariance (ANCOVA) and its
associated post-hoc tests. Initial trials with cluster analysis resulted in establishments of a speciﬁc logistical site type being separated into different
groups. Hence, ANCOVA for the determination of logistical site groupings
was preferred for this task (Rutherford, 2001; Walpole et al., 2012).
Following the segmentation of logistical site types using ANCOVA, it
was noticed that in one segment, there were too many establishments

that generated zero trips especially for tractor-trailers. Hence, a conditional modelling approach was proposed to improve the explanation
of the FTG of tractor-trailers for this segment of logistical site types. In
this approach, ﬁrst, a probabilistic model of choice (Binary Logit) was
used to determine the probability of the segment to create tractortrailer trips. If the segment was capable of creating tractor-trailer trips,
then a second model (Multiple Linear Regression) was used to estimate
how many tractor-trailer trips it would create. The ﬁnal tractor-trailer
trip estimate of the segment was calculated then as the product of the
probability of creating tractor-trailer trips and the number of trips created
given that the segment was capable of creating tractor-trailer trips. Since
the other freight vehicle categories did not include too many zero trips,
their modelling was achieved through simple regression technique and
hence they were not reported in this work.
The mathematical theory of the proposed conditional model was
inﬂuenced by the work of Fletcher et al. (2005); where a combination of
binary logit and linear regression models was applied for estimating the
seaweed Ecklonia radiata density in Fiordland, New Zealand. Similar to
some sites in that study which had zero Ecklonia radiata density, the data
from KOLMAP contained many ﬁrms which did not generate any tractortrailer trips. The major reason for some facilities not producing any
tractor-trailer trips is whether the goods they produce being unsuitable
for transportation with tractor-trailers or shipment sizes being not big
enough to ﬁll tractor-trailers. Therefore, the assumption, which is made
with a regression model and states that every facility might generate
tractor-trailer trips, is not logical. Hence, it makes sense to build a probabilistic model ﬁrst, such as the binary logit model, to determine if the facility
can generate tractor-trailer trips based on the ﬁrm's characteristics. For the
proposed modelling approach in this study, the logistical site group of subject is the one with the highest amount of zero-trip generators.
As explained above, the proposed modelling approach consists of
two parts: Binary logit part and linear regression part. The data sets of
the two parts are different from each other. While binary logit part of
the model used all establishments in the data, linear regression part
considered only those that generated tractor-trailer trips; i.e., the facilities
which did not generate any tractor-trailer trips were excluded.
The modelling approach used in this study can be expressed as given
in Eq. (1); where T is the number of generated trips, and F is the existence
of trips at a given ﬁrm (Fletcher et al., 2005):
EðT Þ ¼ Prð F ¼ 1ÞEðTj F ¼ 1Þ ¼ ab

ð1Þ

In Eq. (1), E(T) is the expected value of the number of trips generated
at the facility, which is the product of a and b; where a is the probability
of an establishment generating trips, and b is the number of trips
generated given that the facility generates trips. First term, a, is calculated
using binary logit (Ben-Akiva and Lerman, 1985), and b is estimated using
linear regression. Expressions for estimations of a and b are given in
Eqs. (2) and (3), respectively:
a ¼ expðx0 γ Þ=f1 þ expðx0 γÞg

ð2Þ

b ¼ z0 λ:

ð3Þ

Table 5
ANCOVA for ln(NTTT).
Source

Type III Sum of Squares

Degrees of Freedom

Mean Square

F-statistic

Signiﬁcance

Corrected model
Intercept
Factor: logistical site type
Covariate: ln(Actively Used Area)
Covariate: ln(Employment)
Error
Total
Corrected total

358.942
0.345
171.395
21.580
20.049
291.002
1767.691
649.944

11
1
9
1
1
175
187
186

32.631
0.345
19.044
21.580
20.049
1.663

19.623
0.207
11.452
12.978
12.057

0.000
0.649
0.000
0.000
0.001

−0.832 (0.123) −0.711 (0.175) −0.390 (0.422) −0.338 (0.422)
−1.474 (0.001)
−1.742 (0.001)
−2.081 (0.000)
−3.203 (0.000)
−3.218 (0.000)
1.294
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In Eq. (2), x is the vector of explanatory variables and γ is the vector
of estimates in the binary logit's utility function, making x0 γ expression
as the utility function. On the other hand, z and λ are the explanatory
variables vector and vector of coefﬁcient estimates, respectively, for
the linear regression part of the model; shown by Eq. (3).
3. Results and discussion

Group 1: ‘Ports’ and ‘Regional Logistics Companies’: This group generates the highest number of tractor-trailer trips.
Group 2: ‘General Warehouses’, ‘National Depots’ and ‘Liquid Storage Areas’.
Group 3: ‘Large Manufacturer Depots’, ‘Coal Storage Depots’, ‘Small Industrial Sites’, ‘Large Factories’ and ‘Other Factories’. This group generates the lowest number of tractor-trailer trips.

−0.442 (0.312) −0.321 (0.524)
−0.494 (0.304) −0.373 (0.412) −0.052 (0.901)
−1.352 (0.007)
−1.405 (0.001)
−2.813 (0.000)
−2.865 (0.000)
−2.828 (0.000)
−2.880 (0.000)
1.684
1.632

Group
3

Large factory
Other factory and production
site
Large manufacturer depot

−1.122 (0.063)
−1.461 (0.013)
−1.730 (0.003)
−2.372 (0.000)
−2.492 (0.000)
−0.015 (0.981)
−1.137 (0.035)
−1.476 (0.002)
−1.744 (0.000)
−2.386 (0.000)
−2.507 (0.000)

−1.691 (0.003)
−1.743 (0.001)

−0.338 (0.486)
−0.607 (0.201) −0.269 (0.541)
−1.249 (0.040) −0.911 (0.098) −0.642 (0.241)
−1.370 (0.004) −1.032 (0.020) −0.763 (0.075) −0.121 (0.829)

−1.084 (0.028)
−1.136 (0.011)

3.218 (0.000)
3.203 (0.000)
2.081 (0.000)
1.742 (0.001)
1.474 (0.001)
0.832 (0.123)
0.711
(0.175)
0.390 (0.422)
0.338 (0.422)
2.880 (0.000)
2.865 (0.000)
1.743 (0.001)
1.405 (0.001)
1.136 (0.011)
0.494 (0.304)
0.373
(0.412)
0.052 (0.901)
2.828 (0.000)
2.813 (0.000)
1.691 (0.003)
1.352 (0.007)
1.084 (0.028)
0.442 (0.312)
0.321 (0.524)
2.507 (0.000)
2.492 (0.000)
1.370 (0.004)
1.032 (0.020)
0.763 (0.075)
0.121 (0.829)
2.386 (0.000)
2.372 (0.000)
1.249 (0.040)
0.911 (0.098)
0.642 (0.241)
1.744 (0.000)
1.730 (0.003)
0.607 (0.201)
0.269 (0.541)
1.476 (0.002)
1.461 (0.013)
0.338 (0.486)
1.137 (0.035)
1.122 (0.063)

National depot
Port

0.015 (0.981)

4.512
4.497
3.375
3.036
2.768
2.125
2.005

Logistical site type

Regional logistics company
Port
General warehouse
National depot
Liquid storage area
Small industrial site
Coal storage depot

Group 2

General
warehouse
Regional
logistics
company
Mean
ln(NTTT)
estimates

Group 1

LSD test statistic (signiﬁcance)
Table 6
Pairwise comparisons of logistical sites.

Group
1
Group
2

Small industrial
site
Liquid storage
area

Group 3

Coal storage
depot

Large factory

Large
manufacturer
depot
Other factory
and
production site
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To determine the potential dependent variable(s) for segmentation
and FTG modelling, the correlation of the candidate dependent variables,
i.e., numbers of incoming and outgoing tractor-trailer trips, was examined. A Pearson correlation statistic of 0.824 (with the signiﬁcance of
0.000) was obtained between the two variables, indicating that the
variables were highly correlated. Thus, it was decided to develop models
for the total number of tractor-trailer trips, which was equal to the sum of
numbers of incoming and outgoing tractor-trailer trips. Consequently,
another outcome of this was that there was no need to separate the FTG
as FTP and FTA.
Grouping (or segmentation) of the logistical sites was achieved
using ANCOVA. In ANCOVA analyses, the used variables were as follows:
• Dependent variable: total number of daily tractor-trailer trips (NTTT).
• Factor: logistical site type.
• Covariates: actively used area and employment.

ANCOVA assumes that variances are homogeneous, and thus,
ANCOVA is not robust to the assumption of homogeneous variance
(Walpole et al., 2012). Hence, homogeneity of the variances was ﬁrst
checked using Levene's test on the dependent variable. The ﬁrst row
of Table 4 shows the result of the test, and it can be inferred that the
variances are not equally distributed since the signiﬁcance values are
very close to 0.000. This result can be attributed to the skewed distributions of the variables. This necessitated some ‘variance stabilizing
transformations’ (Walpole et al., 2012). Natural logarithms of the
variables were taken, and Levene's test was performed again for the
logarithmically transformed variables. The second row of Table 4 indicates that the hypothesis of equality of variances for ln(NTTT) cannot be
rejected at a signiﬁcance value of 0.05 and ANCOVA can be applied.
Results of ANCOVA for ln(NTTT) are presented in Table 5. As indicated
by the F-statistic of the corrected model, the factor and the covariates
have a signiﬁcant joint effect on the dependent variable. When the significances of each variable are checked using the F-statistics, it can be seen
that the hypothesis of equality of intercept to zero cannot be rejected.
On the other hand, the effects for logistical site type, ln(Actively Used
Area) and ln(Employment) are signiﬁcant; i.e., both the factors and the
covariates signiﬁcantly affect the dependent variable ln(NTTT).
Pairwise comparisons of the logistical site types for tractor-trailer
trips were made by Least Signiﬁcant Difference (LSD) test, which is a
post-hoc test for multiple comparisons in ANCOVA analysis provided
by SPSS (Kim and Kohout, 1975). Results of LSD test, which assumes
equality of variances, are given in Table 6. If the LSD test result indicates
a signiﬁcant difference between pairwise comparisons, then those sites
cannot be placed in the same group. If not, then they can be joined in the
same group. So, those logistical sites which resulted with insigniﬁcant
differences were grouped together as shown in boldface numbers. In
order to see the groups clearly, the logistical sites were ordered as
given in Table 6. The results of ANCOVA led to three groups.
It should be noted from Table 6 that ‘Small Industrial Sites’ and
‘Liquid Storage Areas’ also showed similar tractor-trailer trip generation
characteristics; however, since ‘Small Industrial Sites’ did not have the
generation similarities with other logistical site types of Group 2, they
were considered in Group 3. These groups are also given in Fig. 4 below.
Group 3 had the highest number of zero-tractor-trailer trip generators
with 41 establishments out of 113. Thus, the proposed conditional model
was applied to this group only since the other two groups had very few
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Fig. 4. Means plot for ln(NTTT).

zero tractor-trailer trip generating establishments (Group 2 had 6, and
Group 1 had 0). Therefore, for Groups 1 and 2, it was assumed that
using linear regression model directly for FTG of tractor-trailers would
be sufﬁcient. Although the approach was tried with Group 2, it did not
improve the ﬁt as was expected. For model calibration and validation,
ﬁve groups of 84 cases out of the 113 total cases in Group 3 were randomly selected using ‘Exactly 84 cases of the ﬁrst 113 cases’ sampling option in
SPSS software. The remaining data (i.e., 113–84 = 29 cases) for each
sample was used for model validation for each of these samples.
In addition to the actively used area and employment of the facilities, a dummy variable related to the activities, ‘ActDummy,’ was introduced to help explain if the tractor-trailer trip generation
depended on the activity type of an establishment. If more than half of
the establishments for a given activity generated tractor-trailer trips,
then that activity was considered to be a tractor-trailer trip-generating activity. Including activity types in modelling efforts is important since some
of the activities result in tractor-trailer trip generation while others do
not, due to the commodity types and shipment sizes. So, this dummy variable helped in explaining the role of the activity in generating tractortrailer trips. Fischer and Han (2001) stated the importance of stratiﬁcation
in activity types. The introduced dummy variable of subject is formulated
as follows:

ActDummy ¼

1; if the activity causes generation of tractor‐trailer trips
0; otherwise

Similarly, for the linear regression part of the proposed model,
another dummy variable, tractor-trailer dummy (TTDummy) was
formulated as follows:

TTDummy ¼

1; if only tractor‐trailer trips are generated
0; otherwise

This variable was created because an establishment is expected to
generate more tractor-trailer trips when there are no other freight
vehicle (truck or van) trips generated. Existence of only tractor-trailer
trips is related to logistics of the establishment; and with this variable,
the authors aimed to develop a connection between the logistical

decisions and FTG. For planning applications, a new facility might generate solely tractor-trailer trips due to its logistical issues such as the
transported commodity types and shipment sizes, and this can be predicted beforehand. Hence, with the help of this variable, the expected
number of tractor-trailer trips at this kind of facilities can be estimated
more accurately. Five of the facilities had this dummy variable equal
to 1 in the data.
The conditional model was compared with linear regression which
is the general modelling approach used for FTG modelling. To avoid
confusion with the linear regression part of the proposed conditional
model, the linear regression model was deﬁned as ‘pure linear regression
model’. For a fair comparison of the modelling approaches, same
variables were used in both models.
The models included the natural logarithms of the number of tractortrailer trips and actively used area. For this reason, in order to model the
zero-trip producing facilities in the pure linear regression model, a
constant of 1 was added to the number of tractor-trailer trips, as ln(0) is
undeﬁned.
The model coefﬁcients of the best models and statistics obtained
from the calibration of ﬁve random samples for both modelling
approaches are given in Table 7. Although other variables were tried
in the models, variables performed best were the natural logarithm of
the ‘Actively Used area in Decare’; i.e., ln(ActDec) and the two dummy
variables described above.
As one can observe from the F-statistics of the pure regression
models in Table 7, the null hypothesis stating that all variables are
equal to zero can be easily rejected with at least 95% level of conﬁdence.
Furthermore, all coefﬁcients of explanatory variables, except constants
for Samples 1 and 3, individually are statistically different from 0 with
at least 95% level of conﬁdence. All models have R2 values higher than
0.500 which means that more than 50% of the total variance in the
dependent variable is explained by the independent variables in the
models.
For the binary logit part of the conditional model, signiﬁcance values
of the chi-squared test statistic for all samples are very close to 0.
Therefore, it can be concluded that the null hypothesis stating that all
variables in the utility function of the binary logit model are equal to
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Table 7
Calibration of samples for both pure linear regression and conditional models.
Sample 1

Sample 2

Sample 3

Sample 4

Sample 5

Model coefﬁcients (signiﬁcances)
0.258
0.414
0.294
(0.229)
(0.043)
(0.174)
0.641
0.588
0.633
(0.000)
(0.000)
(0.000)
1.658
1.702
1.663
(0.003)
(0.001)
(0.001)

0.451
(0.028)
0.619
(0.000)
1.556
(0.002)

0.447
(0.041)
0.598
(0.000)
1.903
(0.002)

Model statistics
84
84
54.611
53.515
(0.000)
(0.000)
0.574
0.569

84
55.909
(0.000)
0.580

84
46.231
(0.000)
0.533

Pure linear regression model
Constant
Ln(ActDec)
TTDummy

Na
F-statistic
(Signiﬁcance)
R2

84
55.412
(0.000)
0.578

Conditional model
Binary logit part

Model coefﬁcients (signiﬁcances)

ActDummy

3.112
(0.000)
0.937
(0.000)
−2.849
(0.000)

Ln(ActDec)
Constant

Na
−2Log Likelihood
Chi-Sq. test statistic
(Signiﬁcance)
Cox and Snell R2
Nagelkerke R2
ρ2
2

ρ
Percent correct
predictions
Linear regression part
Constant
Ln(ActDec)
TTDummy

Na
F-statistic
(signiﬁcance)
R2
a

3.197
(0.000)
0.955
(0.000)
−2.826
(0.001)

4.244
(0.000)
1.160
(0.000)
−3.744
(0.000)

4.294
(0.000)
1.170
(0.000)
−3.645
(0.000)

3.515
(0.000)
0.846
(0.000)
−2.722
(0.001)

Model statistics
84
84
57.152
54.549
52.343
56.070
(0.000)
(0.000)
0.464
0.487
0.637
0.665
0.478
0.507
0.423
0.453

84
45.786
63.709
(0.000)
0.532
0.730
0.582
0.527

84
43.115
65.152
(0.000)
0.540
0.745
0.602
0.546

84
51.956
56.311
(0.000)
0.488
0.674
0.520
0.465

79.8

85.7

88.1

83.3

Model coefﬁcients (signiﬁcances)
0.230
0.438
0.082
(0.476)
(0.204)
(0.811)
0.774
0.716
0.820
(0.000)
(0.005)
(0.000)
1.167
1.185
1.170
(0.011)
(0.000)
(0.005)

0.398
(0.260)
0.744
(0.000)
1.124
(0.014)

0.343
(0.325)
0.754
(0.000)
1.470
(0.005)

Model statistics
54
53
43.146
34.490
(0.000)
(0.000)
0.629
0.580

55
33.554
(0.000)
0.563

55
34.367
(0.000)
0.569

85.7

54
44.117
(0.000)
0.634

Number of observations (establishments).

zero can be rejected with at least 95% level of conﬁdence. Cox & Snell R2,
Nagelkerke R2, McFadden's R2 (ρ2) and Adjusted McFadden's R2 (ρ2 )
values, which are measures of pseudo R2, show that the ﬁts of the binary
logit are decent. All models have correct percent prediction around 84%.
Examining the signiﬁcance values of all variables and constants, it can
be seen that the null hypothesis that the coefﬁcients being equal to zero
can be rejected with at least 95% level of conﬁdence.
Similar to pure regression models, linear regression parts of the conditional models of all samples are meaningful, which can again be seen from
the signiﬁcances of the F-statistics. It should be noted that the linear
regression parts of the conditional models were calibrated using only
the establishments which had non-zero tractor-trailer trips. R2 values
for all randomly selected samples except Sample 4 are much higher
than the ones of the pure regression model. This situation can be attributed to the fact that in conditional models' linear regression parts, there are
no facilities that generated zero tractor-trailer trips. The constants in
linear regression parts of the models are not signiﬁcantly different from
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zero which simply means that the regression line goes through the origin.
The coefﬁcients of the explanatory variables are all signiﬁcantly different
from zero since all the signiﬁcance values are less than a threshold value
of 0.05.
The outputs of the conditional model parts; i.e., the binary logit
model explaining the probability of presence of tractor-trailer trips
and abundance of the tractor-trailer trips, plotted against ln(Actively
used area), are given in Fig. 5. Notice that abundance of tractor-trailer
trips is the product of the probability obtained with the binary logit
model and the regression part for tractor-trailer trips. The predictions
are for establishments where ActDummy = 1 and TTDummy = 0.
These models were then applied to forecast the tractor-trailer trips
of the validation data. Table 8 shows the validation and comparison of
the models. Two measures have been used to validate and compare
the modelling approaches: Root Mean Square Error (RMSE) and Mean
Absolute Error (MAE). They were calculated for the validation data of
the ﬁve samples. Improvements in percentages were calculated to
assess the improvements by the conditional model over the pure
regression model.
From Table 8, it can be seen that for all samples, the conditional
model had smaller RMSE and MAE values than the pure regression
model. When the averages of RMSE and MAE of all samples for both
modelling approaches are taken, 29.58% improvement for RMSE and
23.57% improvement for MAE over the pure regression model have
been observed. Thus, it can be concluded that the conditional model is
the better modelling approach. For the other two groups, only pure
regression models were used as there were very few facilities that generated zero tractor-trailer trips and hence, these were not reported here.
4. Conclusions
This paper investigated the FTG of tractor-trailers at logistical sites in
Kocaeli, one of the prominent industrial cities in Turkey. There were
numerous variables and logistical site types in data. The logistical site
types were ﬁrst grouped according to their FTG patterns. After the
grouping, it was observed that some of the facilities had not generated
any tractor-trailer trips. Therefore, a conditional model which combined
a binary logit model for ﬁnding the probability of producing tractortrailer trips, and a linear regression model to estimate the number of
tractor-trailer trips given that the facility produces them, was proposed.
The proposed model was applied to one of the groups obtained by
ANCOVA, which had many zero tractor-trailer trip-generating sites.
The results are useful for FTG step of freight transportation planning
in two aspects. Firstly, it was possible to group the logistical site types in
terms of tractor-trailer FTG for which consistent models can be calibrated;
thus, future survey efforts can be reduced. Large manufacturer depots,
coal storage depots, small industrial sites, large factories and other
factories showed similar FTG patterns for tractor trailers and this group
had the highest number of zero-tractor trailer trip generators in Kocaeli.
Secondly, the conditional model provided an improvement over the
classical pure regression modelling approach in explaining the FTG of
tractor-trailers at establishments of Group 3, with reductions of 29.58%
in RMSE and 23.57% in MAE.
According to the results, the logistical site types which generated the
largest tractor-trailer trafﬁc were ports and regional logistics companies. Geographically, four of the eight ports are located on Dilovası
coast (43 km west of Kocaeli city centre) of the gulf, where the terrain
is mountainous. On the other hand, regional logistics companies are
more evenly distributed in Kocaeli, and most of them are located in
areas where the terrain is level. For the new facilities that will be built
in future, new connection roads and highways might be needed to
carry the large tractor-trailer trafﬁc. It is known that that the terrain
type has an effect on road structure, and land-use is interdependent
with transportation. Hence, it might be better for the local authorities
to consider the terrain type of the areas for the land use plans of new
ports and regional logistics companies.
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Fig. 5. Estimates of (a) probability of the presence of tractor-trailer trips, and (b) expected abundance of tractor-trailer trips, plotted against ln(Actively used area).

It was observed that Gebze (53 km west of Kocaeli city centre), had
the highest number of facilities among the districts in Kocaeli. Therefore,
due to the high number of facilities, additional highway investments
might be needed also in Gebze, and land-use plans could be developed
accordingly.
It was shown that tractor-trailer FTG depended on actively used
area, employment and activity type of the establishment. The former
two variables had an effect on the number of tractor-trailer trips,
which was shown by the ANCOVA analysis in Table 5; and the latter
along with actively used area affected the existence of tractor-trailer
trips at a given facility.
The authors feel that there is still room for improvement in the
developed models if data on more variables can be collected. In particular,
collecting information about the destinations of trips, thus travel
distances and costs, commodity types, and frequency of shipments may
improve the modelling of FTG. Furthermore, not all of activity types and
their sizes were available in this research. Thus, in future work, the
methods explained in this study can be applied using larger data sets
for improved models. The authors also feel that the same statistical
approaches can be applied to other locations with similar conditions,

but recommend that the transferability of the parameters in this study
should be investigated with further studies.
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