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1. PRELIMINARY REMARKS

In Italy, the freight modal split is characterized by a marked lack of balance, since
road transportation is strongly prevailing.

This research work aims at both quantifying the flows of different modes which
satisfy the domestic freight transportation demand and defining appropriate analytical
tools for a correct interpretation of the collected data.

The map of the goods flows across the Italian regions was drawn on the basis of
data provided by official sources and in accordance with marketable goods categories
fixed by TSN (Traffic Statistic Nomenclature) for the road, rail, and coasting
transportation modes. Air transportation was not taken into account, because the carried
goods represent a negligible percentage of the whole freight traffic. Instead, intermodal
transport, although not much developed as yet, was considered and included, together
with other goods, in category No. 9, where it represents the most relevant part.

2. THE STRUCTURE OF THE GENERALIZED COST OF TRANSPORT

At national level, and international as well, goods traffic arises mostly from
business or business related needs. Consequently, it seemed appropriate to develop the
present methodological analysis from the industrial enterprises viewpoint. For the
company, the transportation cost depends on three main factors: the technique adopted,
the logistics of supplies, and the characteristics of the shipment.

These factors are interactive. In fact, the use (and consequently the cost) of a
specific technique depends, among others, on the size and frequency of supplies as well
as on the typology of goods to be transported. Therefore, the generalized cost of transport
can be decomposed into five components [6]:

i)  out-of-pocket cost of transport, i. e., the amount paid by the customer,
which depends on both the shipment size (weight or volume) and the journey
length, since the unit tariff lowers proportionally to the increase of the journey
length. This cost - which also includes insurance, storage, freight handling (in
terminals and transhipment facilities, packaging, and any other due (custom tariffs,
taxes, etc.) - is strongly affected by the transportation mode;

ii)  cost of time, which includes: a) losses of goods value due to perishability (e. g.,
food-stuffs) or obsolescence (e. g., newspapers); b) tied-up capitals referred to
travelling goods, which can be quite considerable for products with a high unit
value or for large shipments. Actually, users give a subjective economic value to
the time factor. In fact, such a value can exceed even markedly the above-defined
costs, since users believe empirically that delays in goods delivery can negatively
affect the sales. For this reason, it is very difficult to determine the cost of time,
which is also closely related to the reliability cost (see point v) below);
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iii) storage cost, which usually depends on the type of goods as well as on the
average stocks level, the latter being a function of size and frequency of shipments.
The storage cost includes also the cost of the tied-up capital for stocks. It is known
that users sending/receiving goods characterized by a high unit value consider it
advantageous to keep the stocks to a minimum and prefer to run the risk of
requiring emergency supplies in order to avoid large tying-up of capitals;

iv) ordering cost, which depends on both mode and nature of transportation. In
fact, costs related to frequent orders to the same operator are lower than those
arising from occasional orders to different operators and, at the same time, the
costs of emergency orders tend to be higher;

v) reliability cost, which results from increases in the stocks size and from necessi-
ties of emergency orders at higher costs. In general, the reliability cost is influenced
by the transportation mode.

The impact of the above-analyzed components on the generalized cost varies mainly
according to the type of goods transported. Generally speaking, the main components are
the out-of-pocket cost and the cost of time, followed by the reliability cost, which is
particularly high in the case of basic necessities and strategic goods. Although storage
and ordering costs come under the cost function, usually customers do not take them into
consideration, since storage is often imposed by the specific requirements of production
and ordering follows empirical rules. Therefore, the storage cost and the ordering one
represent real "shadow costs". In most cases, it would be reasonable to state that they do
not affect the choice of the transportation mode.

The accessibility cost has to be taken into account too, in order to choose the
most appropriate transportation mode. As far as the accessibility costs are concerned,
road transport, able to reach any place, prevails on rail and coasting ones, which are
closely related to the availability and dissemination of fixed facilities, thus involving
"load disruption" and load transhipments from one transportation mode to another. The
quantification of this cost item must necessarily be conventional, i. e., related to each
specific transportation case.

3. THE MODAL SPLIT MODEL
3.1 Basic hypotheses of the model

The generalized cost model described in this paper is strongly restricted because of
the lack of reliable data about the Italian freight transportation sector. Therefore, it was
necessary to work on some approximations and, subsequently, to formulate simplified
and empirical hypotheses for the quantification of the cost items which are unknown .

In accordance with the formulation of the model structure, the following
hypotheses have been adopted as regards the items of the generalized cost components.

As far as the out-of-pocket cost is concerned, by first approximation it was
assumed that the item "packaging" has no influence on the choice of the transportation
mode, since it does not change meaningfully from one mode to another. The tariff to be
charged was calculated with reference to standard shipment of standard goods
representative of each marketable goods category (see Table 1). Moreover, the cost at the
terminals was taken into account only in the case of carriage by sea. This is due to the
fact that the cost at the terminals is already included in the tariff quoted for rail transport
and it is not difficult to be determined for road transport, toll interports and carports being
not very widespread in Italy.
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The cost of time should be evaluated in a deterministic way, by considering the
tied-up capital through the all transportation time. The loss of value due to perishability
should be calculated only in the case of very particular goods, which represent the lower
share of freight global trade. On the basis of the information provided by recent studies
on this matter, it was deemed expedient for the present research work to estimate the gen-
eralized cost on a probabilistic way. Therefore, it was assigned to time the value arising
from the calibration of the modal split model.

The storage cost was not intentionally included in the generalized cost model for
two reasons: the difficulty in quantifying the average level of stocks per product or per
marketable goods category and the fact that the choice of the transportation mode is not
directly affected by such a cost.

Table 1

Standard goods representative of the various marketable goods categories

Category Standard goods TSN position
0 Logs 101
1 Brans 67
2 Carbon coke 187
3 Diesel fuel 197
4 Iron scraps 163
5 Coil steel 285
6 Rough or pan salt 149
7 Natural row phosphates 123
8 Caustic soda 213
9 Paper and rough cardboards 255

The ordering cost too was not taken into consideration, since the models
developed up to now allow to analyze and to interpret the yearly shipments of goods, in
which constant supplies in different economic sectors are prevailing, due to their running
regularly and continuously.

As regards the reliability cost it has to be pointed out that the transportation reli-
ability of given goods on a given link and by a given mode is a variable highly difficult to
be determined and to be quantified. Thus, this cost is often related to the users' subjective
evaluations and, consequently, it is hard to be analytically interpreted. In this study, the
reliability of transport was evaluated on the basis of two variables: a) the variance of
transport time expressed for each mode; b) the modal specific dummy, a characteristic pa-
rameter of each mode, for the interpretation of the "subjective” users' behaviours.

The evaluation of the accessibility cost too is necessarily subjective, since no

"data are available on the tariff surcharges applied in case of transhipments. From the
theoretical point of view, accessibility is one of the fundamental factors for the choice of
the transport mode. Therefore, the accessibility cost was included in the model by rela-
ting it to two regional indexes for rail and coasting transportations 1. These indexes are
equal to the inverse value of the "relative density" of the facilities existing in the territory:

(1) I = —
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where Sp is the area of region R and Nggk is the number of available facilities (port
wharves for coasting transport and railways stations) with reference to mode k.

3.2  Formulation of the model

The proposed modal split model is based on the logit multinomial formulation 2 [1;
2; 3; 7; 9] and its general expression is:

@ P(kA,)= em[-ﬁ(fk+atlk+avvk+aaAk+dk):|

> exp[-ﬁ(fi+a,ti+ 8y Vi+8,A+ di)]
me A,

The symbols have the following meanings:

P (k:A;) = probability of choosing mode k within a finite set of alternatives ( Ay );

B8 =. calibration parameter, which provides a measure of the users’ average sen-
sitivity to the generalized cost of transportation;

fr (f) = unit tariff of transportation by mode k (i);

ty (&) = time of transportation by mode k (i);

vg (v = variance of the transportation time by mode k (i);

Ag (A) = accessibility of mode k (i) over the territory. It is provided by the product
of the quantities given by equation (1) related to the regions of origin and
destination;

dg (d;) = dummy variable specific of mode k (i);

a = average value assigned to transportation time;

ay = average value assigned to the variance of transportation time;

average value assigned to the accessibility of transportation mode k.

Most of the data necessary to calibrate the model were taken from analyses carried
out in previous years [4]. As regards the variances, a different procedure was adopted for
each mode. Variances concerning road transportation times were derived from studies on
long-distance freight traffic and, for a few traffic links, they were estimated by adopting a
regression model capable to relate the actual variances to the journey length. Variances
referring to rail transportation times were determined by expression (3):

Ty-T
3) o= LZ_O
where:
o, = variance of rail transportation time;
Ty = rail wransport time measured according to the Italian Railways official timetable;
Ty = assured delivering time, calculated according to the instructions contained in [5].

To determine the variance of coasting transportation time, reference was made to
the average delays recorded in the Italian sea-harbours 3, For two marketable goods
categories (0 and 6), it was impossible to consider some traffic links, since coasting
tariffs are not registered because of lack of shipments.

3.3 Calibration of the model

The flows related to Sardinia were excluded from the calibration procedure, since
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freight transport from/to this region presents a particular tariff structure, which differs
completely from that of the other interregional links. The freight carriage by sea
interesting Piedmont and Lombardy were not considered too, because these regions do
not benefit from sea-harbours.

Moreover, the "maximum likelihood" calibration criterion was chosen as an
alternative to the "least squares" one. In fact, from a theoretical standpoint, such a
criterion complies better with the hypothesis of random distribution of components, i. e.,
each single shipments, which is the basis for the formulation of the model itself.

The probability of choosing transport mode k, defined by equation (2), for ship-
ping a unit of goods (e. g., one ton) on traffic link j, can be simplified to expression (4):

T. o Xii
@ P (cA) = exp (I, aj xjjk)

Z; exp (Z; o xjjk)

where coefficient B is implicitly included in coefficients a; and x;y is the value assumed
by the exogenous variable i (tariff, transportation time, etc.) with respect to link j and to
mode k. Once the total goods traded by transportation mode k across the Italian regions
considered two by two (nji) is known, the probability that the whole system can assume
the configuration previously observed is given by the "likelihood function” (5):

® N I
g Tiexp [ Zi o Xijk )

The "maximum likelihood" calibration method lies in the determination of the vec-

tor of coefficients o which maximizes equation (5). In other words, the "likely" hypoth-
esis according to which the observed configuration is the most probable one among those
that can be assumed by the examined system is formulated. From a mathematical view-
point, the problem can be solved by finding the roots of the simultaneous equations (6):

A

=0
a(’.i

©

However, equation (5) can be replaced by its natural logarithm (A*), a continuous
positive function being in the real field. In fact, this manipulation does not modify the
solution and, at the same time, makes much easier the development of equation (6),
which can be written as follows:

M A=t A=Z g ((Ziogxi ) - 1n [ Zy exp (Z 0 x5 )]}
Therefore, simultaneous equations (6) become:
. T oxicexp (T, o x;;
® R B, i (2 3
do; I, exp(Z:i “i‘ijk)
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Simultaneous equations (8) are obviously non-linear ones and can be solved by
means of the several available numerical methods. The best-known is the method of
Newton-Raphson, which, in this case, is expressed by equation (9):

-1
® {a4={awd-ﬂmjaak=awj {hﬂaaamq}

where:

(ot ) = vector of the roots at iteration m;

{tm1) = vector of the roots at iteration m-1;

[('ax‘/ da )a-am.x] B

|}

inverse matrix of the partial derivatives of A* functions
calculated at points o

(A goa, )

Taking, for notational convenience:

(10 Gjx = exp ( Z; o Xix )

it then follows that simuitaneous equations (8) change in:
i

¢8)) s)l_ = .zj " By (szjk)(Eerijijijk)'(Z;Xijijk)(karjijk) .
o . (szjk)

vector of the A* functions calculated at points =0 ;.

Assuming as initial vector the "banal" solution {0 = 0} corresponding to a situa-
tion of neutral choice among the different alternative modes, the unknown coefficients

were calculated by establishing the error condition I{ct 1} - (@ 1.1 }1 < 10-10, Despite the
minimum error range imposed, the solution was reached by no more than 10 iterations
for all marketable goods categories reported in Table 1.

3.4 Checking and statistical testing of the model

Model capability and its fitness were evaluated by mcahs of the so-called
"likelihood index" [1; 8}:
a2) p’ =1 -2 ()
A (0)

where A*(a) is the natural logarithm of the likelihood function calculated according to pa-
rameters values corresponding to those defined during the calibration phase and A*(0) is

the value assumed by the same function when coefficients {a} of the utility function are
considered null. It can be demonstrated that the likelihood function reaches the lowest

value when the probability of choosing the different alternatives is the same ({a) =0),
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i. ., when the neutral condition represents the least probable status for the system taken
into consideration. In practice, p? coefficient gives a measure of the gap existing between
the analyzed system (characterized by the set of coefficients o) and the least probable
status. In theory, the "likelihood index" can assume values ranging from O to 1: the

closer the index is to 1 the more reliable the model is. Actually p? has a lower limit which
is 0 if, and only if, the expression of the utility function does not contain any dummy
variable specifically referred to the set of alternatives of transportation. In this case, rela-

tion (13) is applied:
Ni [, Ni 1
5 EIT(nT+lnki)
3) Pmin = 1 -
In o
Zik
where:
p2in = lowestvalue of the "likelihood index”;

i set of alternatives characterized by the same dummy variable;

W owunu

k; number of alternatives belonging to set i;
N; number of freight units which choose one of the alternatives belonging to set i;
T total number of freight units forming the considered system.

Therefore, the presence of specific dummy variables makes the value of the p2
index less significant mainly whenever one alternative is greatly preferred with respect to
others (the latter circumstance actually happening in the transportation system of the
present investigation). In these conditions, the analytic expression (12) of the "likelihood
index" is modified as follows:

(14) Pd = "
Aa
where A*; is the natural logarithm of the likelihood function containing only the dummy

variables specific of the set of alternatives. In this way, the variability of p2 between 0
and 1 is restored and, hence, the above-mentioned drawbacks are overcome. Besides a

lower limit, the p2 coefficient affords an upper limit too, as clearly shown by its

expression: in fact, value 1 corresponds to A(0Q) = e, such a circumstance occurring only
if the utility function is made of an infinite number of terms. However, the upper limit

cannot be determined analytically, as was the case for p2 ;. Moreover, as for the

correlation index, the concept of pZadjusied (15) can be introduced to allow the number of
degree of freedom of the system to be considered:

A (o)
2 Et“"ll
a9 Pagjused = 1 -

- K

A (0)
Et(Jl'l’
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In equation (15), J; represents the number of alternatives generally available to
transport the freight unit t, while k corresponds to the number of exogenous variable
introduced into the model.

A further statistical indicator can be used for this class of models, i. e., coefficient

%2 which can be expressed in the following way:
(16) 2 = 2[A% @) -2*0)] if there are no specific dummy variables
an 2y = 200N - A% if there are specific dummy variables

On the other hand, the conventional statistical indicators should be considered with
caution, since they presuppose some basic hypotheses (in particular, with regard to the
distribution law of the random components) which make them suitable only for the
models calibrated by the "least squares” method.

4. ELASTICITY ANALYSIS OF THE DEMAND

The elasticity of the demand for a given transportation mode is a fundamental ele-
ment to evaluate users' sensitivity to each single component of the relevant generalized
cost of transportation. In the probability type models, elasticity allows to evaluate how
the probability of choosing a given altemnative varies as a function of a unitary change of
a variable related to the same alternative ("direct" elasticity) or to another one (“crossed"
elasticity). For the logit type models and for a specific traffic link, the following expres-

sions apply:

(18) Exyy [P(i:A)T=[1-P(itA) ] oy Xjik “"direct" elasticity

(19) Exip [P(EA) ] =-P(jA) oy xji "crossed" elasticity

where:

t = index of the specific traffic link;

A, = set of the alternatives available for link ¢

P (:A) = probability of choosing altemnative i from those belonging to set A;;

oy = coefficient k of the utility function;

Xix (X ) = value assumed by the k™ variable k with respect to mode i (j) and
traffic link t.

The so-called "aggregate elasticity”, a quantity representative of the users' average
sensitivity with respect to average unitary changes in the values of the generalized cost of
transportation, can be calculated by expression (20):

(20) Exjy [P1={ ZcP (iiA)) By [P (A0 ] xju/xjnc J/ TP (1A)

where x; is the average value assumed by vector {x;, ). The elasticity values calculated

as described above are still "punctual” values, since they refer to probability changes
related to the present conditions.
5. ANALYSIS OF THE RESULTS

The results of some elaborations are reported in Tables 2 and 3 just as an example
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of the analytical method described in this paper. Calibration was carried out for each
marketable goods category, with/without the dummy variables and by/without
considering the accessibility variables previously defined. Since road transport prevails
on the other transportation modes, high values were foreseen (and confirmed later) for
the specific rail and coasting dummies. Moreover, various calibration attempts were made
with the aim of stressing the importance of "accessibility" variables in such particular
conditions as those existing in Italy.

Generally speaking, it can be stated that the "accessibility" variable has proved to
be able to replace the dummy variables. Such a circumstance implies a marked influence
of the ranshipment costs on the choice of the mode. Furthermore, time variances are
seldom included in the model explicative variables owing to a correlation between these
variables and transportation times, although the degree of such a correlation is decidedly
lower than it could be expected a priori.

Tables 4 and 5, made in the matrix form, give evidence of the results of the elastic-
ity analysis of the demand. Each element E;,; of the matrices provides a measure of the
percent change in the probability of choosing mode i, caused by a unitary percent change
in the variable considered for the mode j. The elements of the main diagonal, obviously
negative, refer to "direct" elasticity, whereas the remaining elements apply to "crossed"
elasticity.

Table 2
Results of calibration of marketable goods category No. 4 - (minerals and wastes for metallurgy)
with accessibility with dummies

8 - 5.3029 -79121

ar 02146 0.4899

ay 0.6953 0.0705

d coasting - 0.2668

d rail - 0.1531
ay coasting 0.2031 -

ag rail - 0.0505 -

x2 776 1,876
142 776 324

p2 04692 0.4803
p2min 0 0.4471
p24 0.4692 0.3375

6. CONCLUSION

From the strictly mathematical point of view, the presented model is rather approx-
imate owing to the high level of aggregation of the marketable goods categories, to the
small number of transportation modes considered (only three), and to the poor reliability
of the available data. At the present stage of development, the model gives already the
possibility to evaluate quantitatively the influence on transportation mode choice of such
typologies of intervention (such as those which determine increases/reductions in travel-
ling time, tariff changes, and structural modification in supply), all of them considered in
terms of "accessibility"” indexes. In fact, some applications to the Italian scenario have
permitted to assess their consequences, by adopting some basic hypotheses and using the
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well-known "what-if" technique. Therefore, the model represents a valid supporting tool
for Italian policy-makers, who intend to make large investments in the transportation
sector, especially in road and rail infrastructures, as well as in rail services quality.

We aim af improving the model by introducing a greater number of transportation
modes and by getting more representative measures for both transportation and
accessibility variables.

Table 3
Results of calibration of marketable goods category No. 9
(machines, vehicles, manufactured articles, and special transactions)

with accessibility with dummies

8 -2.9427 - 113254
a 0.8870 0.1815
ay 5.5470 0.0269
d coasting - 0.5430
d rail - 0.5226
a, coasting 0.1167 -

a, rail 0.0227 -

x2 34,376 98,192
x42 34,376 16,885
02 0.6528 0.8183
p2min 0 0.7768
pX 0.6528 0.4810

7. ENDNOTES

1)  Accessibility is virtually infinite in the case of road transportation.
2)  Itis worth reminding that this formulation derives from the theory of the so-called

"random utilities" and requires two basic hypotheses to be satisfied:

i) the probability of choosing a given alternative has to be proportional to the
probability that the associated utility was not less than the utilities of the other
possible alternatives;

ii) the utility can be considered composed of: a) a deterministic part, which
depends on the visible characteristics of each alternative; b) a stochastic (or
random) part, which takes into account other elements that are not quantifiable.

3)  Informal communications by the authorities of a certain number of sea-harbours.
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Table 5
Elasticity analysis of the demand
Marketable goods category No. 9 (machines, vehicles, manufactured articles, and special transactions)
Variable No. 1T L
Coasting Rail Road
Coasting -0.3786 0.0207 0.2579
Rail 0.1267 - 1.6812 0.1919
Road 0.0544 0.0587 - 0.0255
Variable No. 2- T . iff
Coasting Rail Road
Coasting -0.3379 0.0045 1.0030
Rail 0.1202 - 0.4096 0.8975
Road 0.0498 0.0138 -0.1308
Variable No. 3 - Vasi ¢ N
Coasting Rail Road
Coasting - 0.7781 0.0189 0.2573
Rail 0.2793 - 1.3545 0.2335
Road 0.1014 0.0729 -0.0274
Variable No. 4 - 2 ibility of , .
Coasting Rail Road
Coasting - 0.1151 -
Rail 0.0717 -
Road 0.0534 -
Variable No. 5 - A ibility of rail .
Coasting Rail Road
Coasting - 0.0014
Rail - - 0.2584
Road - 0.0123
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