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ABSTRACT

Freight transport significantly contributes to urban traffic but is often overlooked by decision-
makers compared to passenger transport. Conventional transportation modelling studies
often use aggregate approaches for freight transport, undoubtedly due to the difficulty of
data collection. However, the nature of freight transportation is much more complex. For this
reason, examining the determinants of freight vehicle preferences with discrete approaches

is crucial for the contributions that can be put forward, especially in local studies. To address
this apparent gap in the study of local disaggregated approaches to freight transport, we
present a discrete modelling-based methodology to investigate the factors that determine
freight vehicle preferences for shippers and senders. The estimated nested logit model is
constructed with the RU2 approach, the second part of random utility theory, thus avoiding
the theoretical inconsistencies that arise when generic coefficients are used. As a result, the
model structures provided satisfactory results compared to the literature. It was revealed
that the factors affecting freight vehicle choice preferences were influenced by packaging
preferences and differed according to freight groups. This local study is the first nested logit
study for freight modelling in Istanbul and it is aimed to shed light on future national studies.
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1. INTRODUCTION

With the recent advances in transportation and communication technologies, the issue of “globalization” has
been the focus of researchers, especially due to their relative economy [1]. In contrast to historical consumption
behaviour, most goods consumed are produced kilometres away in modern times. Therefore, the demand for
freight transportation is increasing tremendously, especially in urban areas [2, 3]. Freight transportation brings
many challenges to urban mobility. Freight vehicles are designed to carry the maximum amount of material at
one time, and therefore, freight vehicle sizes are large compared to passenger vehicles. In addition, they have
low speeds and occupy many PCUs on the road, reducing road capacity. Due to their weight, freight vehicles
are not designed for high speeds and can be a cause of traffic congestion in urban networks. Congestion and
low speeds increase the travel time of all vehicles and cause economic losses and environmental pollution
[4]. In order to mitigate or eliminate the negative impacts of freight transportation, understanding freight
movements and managing freight traffic have been research topics for engineers [2, 3]. Freight transportation
studies have remained an under-researched topic for many years. However, since the early 2000s, freight
transportation has become a frequently researched topic, mainly due to increasing climate problems. If the
last two decades can be divided into two parts, in the first decade, national and international levels but less
detailed models were studied. Since 2013, urban-level and detailed models have become more frequent [5,
6]. Most of the existing studies adopt a deterministic and aggregated approach. However, the nature of freight
movements is stochastic. In order to overcome this disadvantage of deterministic models, which react strongly
to policy changes, disaggregate models have become widespread across Europe, especially in the last five
years. A 2019 study [7] is Sweden’s first disaggregated freight model in the national freight transport study
area, modelling transport chain choice and shipment size based on individual shipment preferences. Another
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study [8] constructs a mixed discrete model for Europe for the first time and models the choice of freight chain
and shipment size. With this increase in discrete modelling, local modelling studies with more theoretical
clarity and better alignment with actual conditions are gaining importance. For this reason, nested logit models,
one of the less constrained classes of discrete choice models, have been chosen for the study. Nested models
are based on decision theory.

Decision makers consider different decision rules, such as dominance, satisfaction, lexicographic rules
or optimisation of a scalar objective function. According to economists, for an object to have value, it must
be ‘useful’ as a general rule. It is, therefore, expected to consider the choice behaviour of individuals/firms
based on utility maximisation. When choosing one of a finite number of discrete bundles of attributes, discrete
choice theory is a more appropriate basis than neoclassical consumer theory. In particular, probabilistic choice
theory, which determines the probability that an individual/firm chooses any feasible alternative, provides a
robust basis for analysing discrete choice situations. Rather than the constant utility approach of probabilistic
choice theory, which is based on mathematical psychology, the random utility approach, more consistent with
consumer theory [9], is often used in decision-making processes requiring discrete choice.

The random utility approach treats unobservable attributes, variation, measurement error and lack of
observation due to using instrumental variables as random. It assumes that decision-makers always choose
utility-maximising alternatives [ 10—13]. However, the analyst does not know the utilities with certainty and is
therefore treated as random variables. From this perspective, the probability of choice alternative i is equal to
the probability that the utility of alternative 7, U , is greater than or equal to the utility of all other alternatives
in the choice set. This can be written as follows, Equation I:

P(ilC,)=Pr[U,2U,,all jeC,] (1)

where U, and U, are random variables, V, and v, are deterministic (or representative) components of i and j’s
utility, ¢, and €, are stochastic components and are called the error term, Equation 2-3.

U' = I/in + 8in (2)

U,=V,+¢, 3)

In modelling according to discrete choice theory, the type of model to be used is decided according to the
distribution of the error term. If the stochastic terms are normally distributed, the model is probit; if they are
distributed according to an independent extreme value distribution, the model is logit; if they are distributed
according to a Cauchy distribution, the model is Arctan; and if they are distributed according to a generalised
extreme value distribution, the model is nested logit [12, 14]. Logit models are frequently used in choice
modelling studies due to their simple mathematical form and ease of estimation procedure [15].

In summary, the literature on freight transport modelling relies heavily on discrete choice modelling,
yet the utilised variables vary between studies. With these considerations in mind, we present the following
contributions in this paper:

— We propose a methodology that incorporates a discrete framework for freight transportation, and we aim
that the study will make it possible to understand the advantages of specific freight vehicles. Our model
structure includes variables not commonly used in freight transport models, such as packaging type and
vehicle ownership.

— In order to test the effectiveness of the proposed modelling framework, we present a case study using real-
world data obtained from Istanbul, Turkey.

— We discuss the details of this nested logit model with a consociate model structure for different freight types.
We also provide a very explicit theoretical exposition to overcome normalisation problems often ignored
when building nested models. This straightforward approach also aims to eliminate the ‘non-comparability’
problem, one of the biggest problems in freight transportation modelling studies.

In this study, a consociate nested logit model study was conducted for three different freight types in
Istanbul. For the model study, the survey data of the Istanbul Logistics Master Plan commissioned by the
Istanbul Metropolitan Municipality in 2016 were used. For this study, with 14778 surveys, the network and
zone maps created within the scope of the master plan were transferred to QGIS open-source software, where
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the node points were connected to centroids in such a way that the closest one was assigned. Only urban
shipments were considered in the study, and times and distances on the network were obtained using QUBE, a
Bentley open-source software. After obtaining the data, version 4 of NLOGIT econometric software was used
for all estimations.

The paper is organised as follows: Section 1 provides a detailed introduction to the research problem.
Section 2 provides a comprehensive overview of the literature. Section 3 introduces the methodology and
nested logit model specifications. Section 4 introduces the study area and the data. Section 5 is devoted to the
empirical analysis and includes a detailed analysis of the common model and interpretation of the estimation
results. Section 6 includes the evaluation of the common model for three different freight groups. Section 7
contains a discussion of the study. Section 8 is the conclusions section.

2. LITERATURE

There are two approaches to transportation modelling: aggregate and disaggregate. The aggregate approach,
based on the traditional four-stage transportation model, directly models the aggregate share of decision-makers
choosing an alternative. The disaggregate approach models individual preferences as a function of alternatives
and individual characteristics. In freight transportation, disaggregate models are much less commonly used than
in passenger transportation. The choice explicitly modelled in disaggregate freight models is the mode choice.
The models used for these single discrete choices are multinomial logit, probit, nested logit, ordered generalised
extreme value, cross nested logit, mixed logit and latent class logit. The multinomial logit model is the most
common and widely used model [15, 16]. There are three basic assumptions underlying the MNL formulation.
The first assumption is that the random components of the utilities of different alternatives are independent
and identically distributed (IID) with an extreme value (or Gumbel) distribution of type I. The independence
assumption means that no common unobserved factors influence the utilities of various alternatives. This
assumption is violated, for example, if a decision maker assigns the same utility to all species. In such cases,
the same underlying unobserved factor influences the benefits of all transit modes. The second assumption of
the MNL model is that it preserves the homogeneity of responsiveness to the attributes of alternatives across
individuals. More specifically, the MNL model does not allow for responsiveness (or taste) changes to an
attribute (e.g. travel cost or rave’ time in a mode choice model) due to unobservable individual characteristics.
However, unobservable individual characteristics can and often will affect sentiment. Ignoring the influence of
unobservable individual characteristics can lead to biased and inconsistent parameter and choice probability
estimates. The third assumption of the MNL model is that the error variance—covariance structure of the
alternatives is the same across individuals (i.e. the assumption of error variance—covariance homogeneity).
Error variance—covariance homogeneity implies the same competitive structure across alternatives for all
individuals, which is often difficult to justify. The assumption of the same variance across individuals can
be violated, for example, if the transit system offers different levels of comfort (an unobservable variable)
on different routes. Together, the three assumptions discussed above lead to the simple and elegant closed-
form mathematical structure of MNL. However, these assumptions also confront the MNL model with the
“independence of irrelevant alternatives” (IIA) property at the individual level. Therefore, relaxing the three
assumptions may be necessary in many choice contexts [17].

The (NL) model represents a partial relaxation of the IID and IIA assumptions of the MNL model. While
more advanced models relax the IID assumption fully (via covariances), the NL model represents an excellent
advance for the analyst regarding choice studies. As with the MNL model, the NL model is relatively easy to
estimate and offers the added benefit of having a closed-form solution. More advanced models, such as the
multinomial probit (MNP), heteroskedastic extreme value models (HEV) and the random parameter logit
(RP), also called the mixed logit (ML) model, relax the IID assumption in terms of covariances; however,
they are all open-form solutions and thus require complex analytical calculations to identify changes in choice
probabilities through varying levels of attributes and socio-demographic characteristics [18-20].

The nested model was first derived in 1973 by Ben-Akiva [21] as a generalisation of the joint logit model
and later be formulated in different ways based on utility maximisation by Daly and Zachary in 1979 [22]
Williams in 1977 [23], Ben-Akiva and Lerman in 1979 [24] and McFadden in 1978 [25], respectively, who
showed that it is a special case of the generalised extreme value (GEV) model [12].
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The use of the nested logit model in freight transportation is quite common. Bradley and Daly modelled
shipment size and mode choice as a joint nested model with a combination of SP/RP data [26]. Jiang et
al. estimated mode prediction for road, rail and combined transports from French shipper surveys with a
nested model that includes shipper and firm characteristics and the distance variable but not the time and cost
components [27]. De Jong et al. constructed a nested logit model for the Nord-Pas de Calais region in France
based on RP/SP prediction, where the explanatory variables are transportation time, cost, reliability, flexibility
and mode operation frequency [28]. Arunotayanun modelled mode choice of small truck, large truck and rail
using Indonesian SP shipper surveys and French RP shipper surveys for different cross-nested structures of
state-owned roads, build and operate roads, rail and combined transport [29, 16]. The Transtool3 model, an
international model that partially uses aggregate and disaggregate data, uses nested models as chain choice
models [8]. The TRIMODE, also an international model, uses aggregate data but partially includes different
nested models to select feeder mode, main mode and vehicle type [30]. Using SP surveys, Nughoro et al.
constructed a nested logit regional hinterland choice model for Indonesia-Java [31]. It is stated in various
sources that the detailed analysis of freight transportation, especially at urban and regional levels, with advanced
models using disaggregated data, can eliminate many problems and is becoming more and more critical [5].

3. METHODOLOGY OF NESTED MODEL

The main advantage of the nested logit model over the MNL model is that it allows for dependency and
correlation between similar alternatives. According to the nested logit model, the probability ratio for each
alternative within the same nest is independent of the preference of the other (i.e. the ITA assumption is satisfied
within the nest) [20].

The NL model structure is in a hierarchical representation presented in Figure 1 [20]. The nested logit model
does not express a logical or behavioural relationship or choice ordering; it has only a mathematical purpose.
The NLOGIT software allows for four estimation levels, but two-level nested models are the most used in
the literature [20, 32]. In a two-level nested model, the bottom level consists of alternatives and the top level
consists of branches. In a particular case, a branch with only one alternative is called a degenerate branch. A
nested structure with two levels and degenerate branches can be seen in Figure 1 [20, 33].

A B C Branch (level 2)

Car(toll)  Car(notoll) Bus Train Busway Light rail Alternatives (level 1)

Figure 1 — A nest with two levels and degenerate branches [11]

ROOT Root

I
1

TRUNKS trunk1 trunk2

LIMBS limbl limb2 limb3 limb4

BRANCHES branchl branch2 branch3 branch4  branch5 branch6  branch7  branch8
I | ] I | 1 [ | ] [ | ] [ | ] [ | ] [ | 1 I ‘| 1
R R (R EE I I

ALTS al a2 a3 a4 a5 a6 a7 a8 a9 al0 all al2 al3 al4 al5 al6

Figure 2 — A nest structure with four levels [13]
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In a nested structure, different names are used for each level. The widely used NLOGIT software allows a
four-level estimation. The nomenclature for this four-level estimation is given in Figure 2.

The probability of an alternative 7 being selected among » alternatives is calculated in the following general
form, Equation 4 [12].

o) "

D exp(uV;)

Jen

In this equation, u is a non-negative scale parameter. It is not possible to calculate u values for each utility

function separately. In the MNL model, it is assumed that the epsilons, i.e. the errors, are equal to each other
and uniformly distributed [12] and, therefore, u=1. There are studies in the literature where the variance of
the error terms or u is fixed to 1. When u=1, calculating different error terms is not bothered. However, in
the NL model, x4 can no longer be removed from the equation. There is a scale parameter that is equal for all
alternatives under the same branch.

ALT 1 ALT 3ALT 4 EMU (Vi Vigare Vi) =In(e" 472 4.4 e ) = Iny e
IV variable
PALTI = ])(NESTl) : PALTI‘NESTI

Hgsti

~

>V

ALT2|NEST1

) IV parameter =

ALTI|NEST1 :P(VALTI‘NEST]

PNEST] = P(VNEST] 2 VNESTZ)

Harrieair2

S

Viesri = Mygsri - ASCgsri + My 'ﬂlNEST] X+ st 'ﬂzNESTl - X)) EMU(VALTI’VALTZ)

I

I
The utility

from elemental
alternatives

The utility from nest

|

dropped

(Expected maximum utility)
- inclusive value (IV)

- logsum

- composite cost

Figure 3 — Conditional probability calculations [14]

As shown in Figure 3, conditional probability calculations are now involved once the hierarchical structure
is established. When calculating the utility function at the top level, if there are no variables affecting choice at
the top level (as the nest structure does not reflect a choice behaviour, there usually has to be really conclusive
evidence for a utility coming from it), the utility from the nest drops out of the equation. The utility from the
elemental level forms the IV term. This term has two parts: the [V parameter and the IV variable. The ratio of
the scale parameters at the nest level to the elemental level is called the IV parameter. This IV term, coined by
Hensher [20], connects the two levels of the NL model and is known in the literature as expected maximum
utility, inclusive value, log sum, or composite cost. A general notation for the utility functions underlying the
calculations is given in Figure 4.

Since it is impossible to calculate the elemental and nest levels and values in the IV parameter separately,
these values are normalised. The value of the IV parameter should be 0<x<1. This implies a non-zero correlation
between nests and is suitable for a nested logit structure. A value greater than one or less than 0 is inconsistent
with the theoretical basis of the NL model and the NL model is rejected. When the value of the IV parameter
is 0, there is a perfect correlation between pairs of alternatives under nests, and selection is deterministic. In
contrast, when the value of the IV parameter is equal to 1, the model collapses to MNL and remains at the
elemental level. A decreasing value of the IV parameter indicates increased substitution between alternatives
in the nest [15]. While evaluating the model, the boundary conditions of 0 and 1 are checked by calculating the
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Figure 4 — A general illustration of the utility functions based on the calculations [14]

Wald A and Wald R statistics for the [V parameter to be significant. When Wald R is greater than +1.945 or less
than -1.945, the IV parameter is statistically different from zero. The same check is made for the Wald A value,
and a value greater than +1.945 or less than -1.945 indicates that the IV parameter is statistically significant.
The Wald A formula is given below, Equation 5 [15, 20, 34].

1w -1

Waid, Standart Error ©)

An unfortunate feature of the NL model is that it tries to estimate more parameters than can be estimated with
the amount of information available. The general logic of the NL model is to normalise the scale parameters
at one level to 1 and estimate all other parameters according to these normalisations. While it is possible to
normalise scale parameters at any level of an NL model, it is expected to normalise all scale parameters at the
lowest level of the tree (RU1) or all scale parameters at the highest level (RU2). According to one study [18],
RUI and RU2 approaches are equivalent if all parameters used in a nested model are alternative-specific. Most
studies on this topic do not mention whether the estimated models are based on RU1 or RU2. This makes it
difficult to compare the results of the studies. Specifying the level at which the scale parameters are normalised
would greatly help to improve the research [20, 33]. Normalisation using RU2 is preferable to RU1 because
RU2 guarantees that the model under any specification of all parameters of the model (i.e. whether generic or
alternative-specific) is consistent with global utility maximisation under random utility theory without having
to add a dummy node level below level 1. More details can be found in [20, 33].

Silberhorn et al. [35] and Ortuzar and Willumsen [36] mention two different nested structure specifications:
UMNL (Utility Maximisation Nested Model) and NNNL (Non-Normalised Nested Model). Mac Fadden’s
UMNL model is consistent with utility maximisation theory if the conditions 0<u<1 are satisfied for all values
of p. The main difference between Daly’s NNNL model and UMNL model formulations is that the NNNL
model excludes the inverse of the log sum parameters in the utility functions of the alternatives in each nest
[37]. In model estimation, the nested logit feature implemented in the software must be considered. If only
alternative-specific coefficients are present in the model estimated with software that includes NNNL, the
model coefficients can be estimated by rescaling the nested coefficients. However, when a generic coefficient
enters the model, if the NNNL model does not impose restrictions on the scale parameters, the model will
not be consistent with random utility theory. Software such as SAS and ALOGIT can only estimate NNNL,
while software such as STATA, LIMDEP and GAUSS can estimate both specifications [35]. A very detailed
evaluation of UMNL and NNNL is available. In these evaluations, [35] it is proved that an RU2 estimation in
UMNL software is consistent with random utility theory. When using THE UMNL software, it is necessary
to distinguish between RU1 and RU2. In this study, NLOGIT4, a LIMDEP software, was used and RU2
normalisation was performed. There are two estimation procedures for nested models: sequential estimation
and simultaneous estimation. Sequential estimation estimates the NL model starting from the lower levels.
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Simultaneous estimation estimates the NL model simultaneously. Here, the estimator is called Full Information
Maximum Likelihood (FIML) and is superior to sequential estimation. NLOGIT4 uses the FIML estimator in
its estimation procedure [38].

4. DATA AND STUDY AREA

Within the scope of the study, commodity flow surveys conducted by Istanbul Metropolitan Municipality
in 2016 for the Istanbul Logistics Master Plan were used. For this study commissioned by the Municipality,
the surveys were designed to estimate the logistics mobility of the companies receiving and providing services
in Istanbul province, districts and sectors. The total sample size was 71,992 firms due to the sampling design
designed by TSI (Turkish Statistical Institute). A stratified two-stage cluster sampling method was used.
Districts and sectors were used as external stratification criteria. The first stage sampling unit is the districts;
the second stage sampling unit is the workplaces systematically selected from each cluster as a sector. The
framework used in sampling the research is the workplace registry records obtained by TSI from the Republic
of Turkey Ministry of Treasury and Finance. This study excludes sectors that do not affect the Istanbul logistics
network. As a result, 520,324 companies were determined as the population size. For this population size,
71,992 firms were surveyed. All of the surveys were conducted face-to-face and included surveys for each
district in a distribution that will ensure the whole sample rate, so it represents the situation of each district
[39]. From a total of 152,488 surveys for ten freight types, 14,778 surveys for three freight types were cleaned
and used via SPSS data. In this context, only urban freight transportation was included in the study. The
boundaries of the study area are shown in Figure 5.

......

Figure 5 — Study area

The surveys include data such as vehicle ownership, whether it contains hazardous materials, type of
packaging, shipment size, origin-destination points for the movement, type of shipment and type of vehicle in
which the shipment is being shipped. In addition to this information, time and cost variables, which are most
used in the modelling literature, were also needed. For this purpose, zone and network maps prepared within
the scope of the Istanbul Logistics Master Plan were utilised. The linear function used to calculate the costs is
given in Equation 6.

TTC=TYC+DP+LC+LUC+RM +FC 6)

where: TTC — total transportation cost, 7YC — tyre cost, DP — depreciation cost, LC — labour cost, LUC —
loading and unloading cost, RM — repair and maintenance cost, FC — fuel cost.
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In the cost calculations, fuel consumption values were taken from the factory catalogues of famous brands
for five different vehicle types, and the vehicle cost was determined for each vehicle. Depreciation costs based
on a 7-year lifespan, tire costs assuming a tire change every 300,000 km, labour costs based on 2016 minimum
wage and legal working hours, loading and unloading costs, and repair and maintenance costs twice the tire
costs were calculated. In order to obtain the fuel consumption, which constitutes the most oversized item in the
cost, the distances between O-D points were needed. QGIS open-source software was used for this calculation.
In the maps prepared for the logistics master plan, Istanbul province was divided into 573 zones, and nodes
were first assigned to the road network map. Then, centroids were added to connect the nodes to the closest
ones. These maps were transferred from QGIS to CUBE, one of BENTLEY’s open-source software, and a
distance matrix of 573x573 was obtained. The shortest routes according to the distance were selected, and the
times for these routes were generated.

Table 1 — Number of observations and descriptions for three different freight types

Chosen vehicle type

Light duty

Freight

T Main type Trailer vehicle Panelvan | Motorcycle Description
Freicht Computers, Computers, electronic and
& electronics and 48 106 663 712 16 1545 optical products, electrical
type 8 . .
optical products equipment
Freicht Textiles, apparel, Textiles, apparel, leather and
) eg , | leatherandrelated | 121 612 1746 2226 11 4716 related products
yp products

Except food, mineral

Freight | Other manufactured 758 1552 2735 3390 32 8517 products, rubber, chemicals,
type 10 goods paper products, base metals

and furniture

Figure 7 — Nodes and centroids connected to the network map
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When obtaining the speeds for a route, the free flow speeds for that route were used, and for routes where
free flow speeds were not available, calculations were made according to the 50 km/h urban speed constraint.
Intraregional time and distance calculations (e.g. travel from zone 17 to zone 17) equal half the minimum time
and distance from that zone to other zones. Fatih Sultan Mehmet Bridge, 15 Temmuz Sehitler Bridge and the
Avrasya Tiineli (Eurasia Tunnel Project), which are prohibited for heavy vehicles, were excluded from the
network by writing an additional constraint function. The number of observations and detailed descriptions of
the three freight types and two views of the network maps where the centroids are connected are given in Table
1, Figures 6 and 7, respectively.

The flow chart of the study is given in Figure 8. The best model was sought according to this flow.

Network
1n?uts Cost inputs
Durfit1on e Total transport
distance .
.. cost calculation
derivation lJ
. i Final
Disaggregate Final -
survey data network data data
Destinations
|y | -urban Transport
- Intercities mode
- international

Consideration choice set

!

— Utility function specification +————

Nested logit model estimations

| .

Are IV parameters between 0 and 1 & Wald A |

and Wald R significant?
Yes I I v
i Statistical tests for Statistical tests for model
coefficients No

Best
model

Evaluation and
policy making
process
Figure 8 — Flowchart of the study
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5. EMPIRICAL ANALYSIS AND ESTIMATIONS

A representative nest structure for the model designed within the scope of the study is given in Figure 9. The
independent variables used in the model and their explanations are given in 7able 2. Accordingly, five different
vehicle types are considered under two different branches. The distinction between large and small freight
vehicles is primarily heuristic. The conditions under which a nested structure can perform cannot be predicted
at the beginning of the modelling phase. Here, an aggregation was made for 54 different vehicle groups [39]. A
wide variety of vehicles, such as refrigerated vehicles, taut liners and ordinary trucks, were grouped according
to their wheelbase and weight and grouped all vehicles into five different classes. The variables entered into
the model are vehicle ownership, shipment size, whether the transportation is carried out within the same
zone, cost, dry bulk freight and parcel freight. A correlation check was made between the model variables
in the survey data, and variables with a pairwise correlation greater than 0.5 were not included in the model.
Variables that give convergence errors when written into functions were also not used in the model.

Large freight Small freight
vehicle vehicle
Trailer Truck Light duty  Panelvan Motorcycle
vehicle

Figure 9 — Nest structure investigated in the study

Table 2 — Variables in the model and their explanations

Independent variable name ‘ Variable abbreviation ‘ Explanation ‘ Variable type
Car ownership CO 0= Slhlzl);:):lrgl I;ryofeerﬁzl car Alternative specific
Shipment size SIZE Weight [kg] Generic

Intrazonal shipping INTRA 1=Yes 0=No Generic
Cost COST Value (b) Alternative specific

Dry bulk freight PTC 1=Yes 0=No Generic

Parcel freight PTE 1=Yes 0=No Generic

6. INTERPRETATION OF RESULTS

When evaluating the coefficients for nested models, it should be remembered that probability calculations
are conditional. Therefore, the coefficients are not a precise indicator for the interpretation of the model but a
guide for the interpreter. Whether the coefficients are positive or negative is more important than the absolute
value of the coefficients in interpreting the results. When evaluating nested models, it is more important that
nested models calculate probability calculations more accurately and realistically rather than interpreting the
magnitude of the coefficients. Therefore, they contain meaningful information for policymaking, especially
scenario analysis. The coefficients, t-statistic values and IV parameter values obtained as a result of the models
are given in Table 3.

A consociate model structure for the three different freight groups was estimated with NLOGIT4 software,
which is based on the RU2 approach to UMNL estimation, thus eliminating the possibility that the model
may be inconsistent with utility theory despite the generic coefficients used in the model. The IV parameters
of all three estimated models remain within the acceptable range of 0—1 and are significantly smaller than 1
(see Wald A and Wald R statistics). Therefore, the MNL model is rejected and the NL models are accepted.
Although it is not very accurate to evaluate the variable coefficients of the three models in a proportionally
common way due to the different IV parameters, almost all variables preferred in the model are statistically
significant at 95% and above. This indicates that there are more infrequent non-significant variables in the

926



Promet — Traffic& Transportation. 2023;35(6):917-931.

Safety and Security in Traffic

Table 3 — Coefficients and t-statistic values of the three models

Freight type 4 Freight type 8 Freight type 10
Variable
Trailer
SIZE 0.0009 18.1370%* 0.0004 8.8560* 0.0008 31.9600%*
INTRA (1=Yes) -0.2847 | -2.7510%* 0.5228 3.1370%* -0.0143 -0.1980
CO (1=Own Property) -1.0386 | -3.3000*% | -2.2059 | -3.7480%* -0.9957 -8.3120*
PTE (1=Yes) 0.0036 0.1200 -0.2297 | -2.4410%* 0.1363 2.9320%*
PTC (1=Yes) -0.3707 -0.7010 1.2508 3.4540%* 0.1851 1.2290
CONSTANT -4.0874 | -26.1740* | -2.8632 | -12.9840* | -2.5338 -24.6980%*
Truck
SIZE 0.0009 18.1370%* 0.0004 8.8560* 0.0008 31.9600%*
INTRA (1=Yes) -0.2847 | -2.7510% 0.5228 3.1370%* -0.0143 -0.1980
CO (1=Own Property) -0.4985 | -2.7840* | -0.0354 -0.1410 -1.2336 -11.5380*
PTE (1=Yes) 0.0036 0.1200 -0.2297 | -2.4410% 0.1363 2.9320%*
PTC (1=Yes) -0.3707 -0.7010 1.2508 3.4540%* 0.1851 1.2290
CONSTANT -2.6975 | -22.2930% | -2.5698 | -12.4140* | -1.6975 -17.9690%*
Light duty vehicle
INTRA (1=Yes) -0.2847 | -2.7510% 0.5228 3.1370%* -0.0143 -0.1980
PTE (1=Yes) 0.0036 0.1200 -0.2297 | -2.4410%* 0.1363 2.9320%*
PTC (1=Yes) -0.3707 -0.7010 1.2508 3.4540%* 0.1851 1.2290
CO (1=Own Property) -0.3590 | -4.2530*% | -0.2123 -1.5390 -0.0696 -0.9120
CONSTANT -0.1127 -1.7430 0.0798 0.5760 0.2368 3.0940*
Panelvan
COST -0.0224 | -5.8170*% | -0.0249 | -5.7410% -0.0154 -6.9580*
CO (1=Own Property) 0.0257 0.8010 0.1227 1.5140 -0.1876 -3.3950%*
PTE (1=Yes) 0.0036 0.1200 -0.2297 | -2.4410% 0.1363 2.9320%*
CONSTANT 0.2060 9.4070%* 0.5097 5.5400%* 0.7246 12.8730%*
Motorcycle
COST -0.0681 -5.2970%* -0.1159 -5.4370%* -0.0721 -6.2450%*
# of Observations 4716 1545 8517
LL () estimated model -4283.215 -1480.557 -8476.092
LL (f*)base -7542.912 -2473.090 -13852.64
P’ 0.432 0.401 0.388
IV Parameter 0.044 0.143 0.197
Standard error 0.0065 0.0127 0.00765
Wald A -147.08 -67.480 -104.967
Wald R 6.730 11.245 25.802
Chi-square (-2LL) 6519.395 1985.066 10753.10
Critical chi-square 24.996 24.996 24.996
Degrees of freedom 15 15 15

*Meaningful at 95% confidence interval. Statistically, variables that are significant in confidence intervals of 95%
and above are marked with an asterisk.
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model (it is common in logit modelling to remove non-significant variables when there is no evidence that they
improve the model). When an individual evaluation is made in all three models, as the freight size increases,
the probability of choosing larger vehicles increases, which is expected. Especially in the FT4 textile and
leather products group, this increase is higher (0.009), whereas it is more significant for the FT10 freight
group (t-test 31.9600). This is also expected since the FT10 freight group is mixed. The generic intrazonal
shipping coefficient was insignificant only for the FT10 model. The fact that the transportation is within the
zone decreases the probability of choice for all types for the FT4 textile products group (-0.2847). In contrast,
it has an increasing effect on the probability of selection for all types for the FT8 freight group (0.5228). Intra-
zonal transports generally imply closer distances and the smallest possible vehicle size choice. Since it is used
as a generic coefficient here, FT4 has more spatial dispersion in the distribution of FT4 and FTS freight groups.
It can be inferred that the mobility of the FT8 device sector is more localised, while the textile sector has a
more dispersed market in Istanbul. This indicates that this coefficient can be used as an alternative specific
coefficient in future studies. When the vehicle ownership variable is evaluated, it is statistically significant
at a 95% confidence interval in all models for trailer type (-1.0386, -2.2059, -0.9957), and it is seen that
the probability of transportation by trailer decreases as vehicle ownership increases in all models, and this
decrease is predominantly higher for the FT8 model (-2.2059). As vehicle ownership increases, the probability
of choosing the truck type (-0.4985, -1.2336) decreases significantly in the FT4 and FT10 freight groups at a
95% confidence interval, while for the LDV type, this is meaningful only in the FT4 freight type (-0.3590).
Accordingly, firms do not tend to carry out transportation with their own vehicles, especially when they prefer
LDV vehicles for the FT4 freight type. For the FT10 freight type, it can be said that when vehicle ownership
increases, the probability of choosing the panelvan decreases at a 95% confidence interval (-0.1876). The fact
is that the parcel freight shipment is statistically significant for FT8 and FT10 freight groups. While it decreases
the probability of choice for all vehicle types for FT8, it increases the probability of choice for all types for
FT10. This indicates that for the FT10 freight type, this packaging type is frequently preferred by companies.
The dry bulk coefficient is significant only for type FTS8 and increases the probability of choice for all modes,
indicating that dry bulk is the dominant packaging type for FT8. The cost variable is statistically significant for
all three models. It has a decreasing effect on the selection probabilities for the motorcycle and panelvan modes
in all three models, which indicates that the model works correctly and is in line with the results accepted in the
literature [15, 40]. Although the Mac Fadden Pseudo R? (p?) values for the nested models are not as significant
as in the MNL models, it is seen that the obtained models give relatively high results when compared to the
base model. Since the Chi-square values of the models are higher than the critical values in the Critical Chi-
square evaluations made according to the degrees of freedom, it can be said that the models are advanced.

7. DISCUSSION

In essence, the value of nested models lies in the detail they provide and how they alleviate the MNL model’s
limitations. Therefore, the consociate nested model structure for the three different freight types is valuable in
detailing and understanding the factors affecting mode choice for freight transportation in urban areas. When
looking at the actual and model estimation probability values in 7able 4, it is seen that the three nested models
that were validated using a consociate model structure could estimate the probability values quite closely. In
particular, it is seen that the FT10 freight type gives minor differences between the actual situation and the
model for truck, LDV and panelvan types (18.53% and 18.22%; 33.58% and 32.11%; 38.45% and 39.80%)
while the FT4 type gives the minor differences between the actual situation and the model for trailer and
motorcycle (2.64% and 2.57%; 0.04% and 0.023%). Although all three models worked successfully when an
evaluation is made for the best and closest results, the best model is the FT10 model, and the weakest model is
the FT8 model. The main reason for the relatively significant differences in all models for the motorcycle mode
is that it is sometimes difficult to associate choice with the change of variables when the number of data is
limited. These all revealed that packaging types, vehicle ownership, intra-zone transportation situations, freight
sizes and total costs are influential factors in the choice of freight vehicle type. The estimation procedure used
is clearly presented, which allows comparisons to be made with future studies. In addition, various scenario
analyses will be possible in case of changes in the numerical variables (except dummies) used (e.g. increase in
dimensions or changes in transportation costs). This study has not yet presented a scenario analysis. Scenario
analyses with nested models are meaningful and valuable for decision-makers, mainly because they reveal
how the mode choice may change when a change is made in a traffic component. This study has a theoretical
underpinning and future studies will focus mainly on policymaking.
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Table 4 — Actual and model probability results

Mode choice (%)
Freight type Result g
e Trailer nght.duty Panelvan Motorcycle
vehicle
FT4 Model 2.64 13.33 39.03 44.97 0.04
Actual 2.57 12.98 37.02 47.20 0.23
FTR Model 3.26 7.23 46.10 43.06 0.36
Actual 3.11 6.86 4291 46.08 1.04
Model 9.05 18.53 33.58 38.45 0.40
FT10
Actual 8.90 18.22 32.11 39.80 0.96
8. CONCLUSION

In this study, we estimate a nested logit model for the province of Istanbul using an extensive data set and
a very explicit estimation procedure. Using a nested model provides computational simplicity and relaxes the
assumptions of MNL models. In developing societies, transportation planning studies are often conducted
at the aggregate level. This is mainly due to the difficulty of obtaining and working with disaggregated data.
However, the use of nested logit models, which stand out among disaggregate models in terms of realistic
results and computational simplicity, can benefit technical decision-makers in local administrations. Especially
in solving the traffic congestion problem, which is an essential problem for local administrations in a large
metropolis like Istanbul, the information provided by the models to technical decision-makers will make
it possible to reveal how vehicle types can be substituted in various price policy applications and how the
vehicle composition in traffic will change. This study, considered to be valuable for its theoretical clarity and
the extensive survey data it contains, will shed light on future studies on locally-based freight transportation

modelling.
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Berna Aksoy, Mustafa Giirsoy

Cesitli Yiik Tiirleri i¢cin Rastgele Fayda Teorisi ile Tutarh Farkh Bir Nested Logit
Model Yapisi: istanbul i¢in Bir Vaka Cahsmasi

Ozet

Yiik tagimaciligt sehir ici trafige 6nemli dl¢iide katkida bulunur ancak yolcu tasimaciligina
kiyasla karar vericiler tarafindan genellikle gz ard1 edilir. Geleneksel ulagtirma modelleme
calismalari, veri toplamanin zorlugu nedeniyle yiik tagimaciligt i¢in genellikle toplu
yaklagimlar kullanmaktadir. Ancak yiik tasimaciliginin dogasi ¢ok daha karmagiktir. Bu
nedenle yiik tasiti tercihlerinin belirleyicilerinin ayrik yaklagimlarla incelenmesi, 6zellikle
yerel ¢aligmalarda ortaya konulabilecek katkilar agisindan biiylik 6nem tasimaktadir. Yiik
tagimaciligina yonelik yerel ayrik yaklasimlarin ¢alisilmasindaki bu belirgin boslugu gidermek
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i¢in, gondericiler ve tasiyicilar i¢in yiik araci tercihlerini belirleyen faktorleri aragtirmak
tizere ayrik modelleme tabanli bir metodoloji sunuyoruz. Tahmin edilen nested logit model,
rastgele fayda teorisinin ikinci kismi olan RU2 yaklagimi ile olusturulmustur, boylece jenerik
katsayilar kullanildiginda ortaya ¢ikan teorik tutarsizliklardan kagmilmistir. Sonug olarak,
model yapilari literatiire kiyasla tatmin edici sonuglar vermistir. Yiik tasitt se¢imi tercihlerini
etkileyen faktorlerin ambalaj tercihlerinden etkilendigi ve yiik gruplarina gore farklilastigt
ortaya ¢ikmistir. Bu yerel ¢alisma, Istanbul'da yiik modellemesine yonelik ilk nested logit
calismasi olup, ileride yapilacak ulusal ¢aligmalara 11k tutmasi hedeflenmektedir.

Anahtar Kelimeler

ulastirma modellemesi; yiik modellemesi; rastgele fayda teorisi; kesikli se¢im; logit
modeller; nested logit.
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