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Abstract

Practically every international, national or regional freight transport model system in
the world lacks explicit treatment of logistics choices (such as shipment size
considerations or the use of distribution centres). This paper deals with the
development of a new logistics model and its application within the national freight
model systems of Norway and Sweden. This logistics model operates at the level of
individual firm-to-firm (sender-to-receiver) relations and simulates the choice of
shipment size and transport chain for all (several millions) these relations within the
country, export and import. A logistics model with deterministic cost minimisation
has been constructed for both Norway and Sweden. The full random utility logistics
model has not yet been estimated on disaggregate data, but this is planned for both
countries. For Sweden, more limited disaggregate models for the choice of mode and
shipment size have been estimated.

1. Introduction

Many existing model systems for freight transport at the international, national or
regional level use the conventional four step (production/attraction, distribution,
modal split and assignment) approach, originally developed for passenger transport.
Often, value-to-weight transformations and vehicle load factors are added as
additional sub-steps (see de Jong et al., 2004). Usually, all steps are handled at the
aggregate (zonal) level. Practically all these models (in section 2 we discuss
exceptions to this rule) are lacking logistics elements, even though in recent decades
logistic changes, such as the adoption of just-in-time delivery, have been (re-)shaping
freight transport significantly. Logistics elements include the determination of
shipment size and its influence on mode choice, or the use of consolidation and
distribution centres. Here we define consolidation centres as locations where goods
are transshipped (and possibly stored), with small loads getting in and larger loads
getting out. Distribution centres are locations where goods are transhipped (and
possibly stored), with large loads getting in and small loads getting out. Both
consolidation and distribution centres exist not only in road transport, but can also be
ports, airports or rail terminals.

In this paper we put forward a model that includes the determination of shipment size
and the use of consolidation/distribution centres, within a behavioural framework, that
can be estimated on disaggregate data and applied in micro-simulation. This model
can be regarded as the logistics module within a larger freight forecasting and policy
simulation system for a country, group of countries or large region within a country.
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The other parts —besides the logistics module- of the freight transport model system
would be:

e Production-consumption (PC) matrices that give flows of goods by
commodity type between two zones (municipalities for domestic zones, more
aggregate zones abroad). Wholesalers can be included both at the production
and the consumption end. In this case we call these matrices ‘PWC matrices’.
These matrices can for instance be generated by spatial input-output models
(either multi-regional or regionalised national input-output models, see
Marzano and Papola, 2004, Hunt and Abraham, 2005) or by spatial
computable general equilibrium (SCGE) models.

® Assignment to the networks.

The PWC flows are input for the logistics module, after disaggregation of the zone-to-
zone flows to the level of firm-to-firm (sender-to-receiver) flows. The outputs of the
logistics model consist of origin-destination (OD) vehicle flows, which are used in
aggregate network assignment. OD flows differ from PWC flows in that a PWC flow
can consists of multiple legs, each with a different mode and with transshipments
between the modes (e.g. a truck-ship-truck transport chain). At the transshipment
points there can not only be changes of mode, but also consolidation of shipments
together with other shipments, and de-consolidation. More information about the
model as a whole can be found in Ben-Akiva and de Jong (2007). This paper focuses
on the choices that are modelled in the logistics module:
® Frequency/shipment size (so inventory decisions are endogenous).
¢ The number of legs in the transport chain (direct transport, two legs, etc...)
e Use (and location) of consolidation and distribution centres for road and rail
transport, but also including ports and airports.
® Mode (road, rail, sea, air) used for each leg, including choice of vehicle/vessel
type and loading unit (unitised or not).
The latter three choices together are called ‘transport chain choice’.

The focus of the paper is on the presentation of the general structure of the logistics
model; there are no estimation results for the full transport chain choice on
disaggregate data as of yet (this work is planned for 2007 and later). We restrict out
attention to the pure transport of goods; vehicle movements for the delivery of
services are not included.

In section 3 of this paper we present the inventory logistics part of the proposed
logistics model, which focuses on the determination of shipment size. In section 4 the
transport logistics part (choice of transport chain, including the number of legs and the
modes for each leg) is discussed. Both inventory logistics and transport logistics are
based on a minimisation of a full logistics cost function. This could be regarded as the
behaviour of integrated shipper-carrier operations (there are no conflicts of interests
between shipper and carrier in the model, as can occur when interaction is made
explicit, as in Holguin-Veras et al., 2007). The treatment of empty vehicles is
described in section 5 and in section 6 we discuss the required data for model
estimation. Section 7 deals with an application of this framework to Norway and
Sweden and describes the available data in these countries as well as our ideas on how
to estimate the logistics model for each of the two countries, whereas section 8 deals
with progress made so far (development of prototype or ‘version 0’ and a ‘version 1°)
in Norway and Sweden. Related work concerns the estimation of a model for mode



and shipment size on disaggregate data from the Swedish 2001 Commodity Flow
Survey, starting from the same cost function. This is reported in section 9. This model
is more limited in scope than the proposed logistics model, because it does not explain
the use and location of consolidation and distribution centres. Finally, in section 10
conclusions are drawn and directions for future work are discussed.

2. Existing freight transport models that include logistics

Practically every international, national or regional freight transport model system in
the world is lacking the above-mentioned logistics elements. Exceptions are the
SMILE and SMILE+ model in The Netherlands (Tavasszy et al., 1998, Bovenkerk,
2005), the SLAM model for Europe (SCENES Consortium, 2000), the EUNET 2.0
model for the Pennine Region in the UK (Yin et al., 2005) and the model for Oregon
(Hunt, 2003, Hunt et al., 2001). The first three model systems are based on aggregate
(zonal) data’, but unlike other freight transport models, include the use of
consolidation and/or distribution centres, so that routes between a production zone
and a consumption zone can be either direct (one leg) or indirect (multi-leg; these
models can distinguish various types of multi-leg transport chains). The logistics
module that we propose in this paper is specified (though not yet estimated) at the
level of the individual decision-maker (or rather that of an individual business relation
between a sender and a receiver). A more aggregate specification of a logistics model
for Sweden, following the SMILE model in several respects, can be found in Ostlund
et al. (2002). The logistics component within the Oregon model for commercial
transport also operates at the disaggregate level (in this case that of shipments). The
logistics model that we propose below differs from what is being done in the Oregon
model. Many steps in the Oregon model use existing distributions (e.g. to generate
discrete shipments, allocate shipments to establishments, generate transshipment
stops) based observed data (such as the US Commodity Flow Survey), from which
random draws are made. This does not give a causal model in which endogenous
variables are explained by exogenous variables, but a random process that just tries to
replicate observed outcomes (descriptive model) without explaining them. Also in the
Oregon model approach there are few policy variables that can be used to perform a
policy simulation (the location of transshipment facilities can be changed as a policy
measure). The logistics model presented below can be regarded as a causal and
policy-sensitive model.

3. Inventory logistics

Large inventories reduce the risk of not being able to serve demand or use the
required inputs in a production process. On the other hand, small and frequent
deliveries lead to higher transport and stockout costs but lower inventory costs. This
trade-off between transport and keeping inventories is part of the logistics model.

There is a trend towards control of the chain by the retailer (‘factory gate pricing’ in
the food sector; Potter et al., 2003). On the other hand there is a tendency towards
control by the sender (‘vendor managed inventories’ in for instance the petrochemical
sector; Waller et al., 1999; Disney et al., 2003). In both cases however, the

? The SMILE model was originally specified as a disaggregate (nested logit) model, but because of lack
of disaggregate data, it was later calibrated to aggregate data.



information on which the size of the inventory is based stems from the receiver. The
demand for his products or the peculiarities of his production process are the key
determinant of stock size and shipment size. We shall assume that the inventory
decisions (especially shipment size/frequency) are generally made at the C (W) end,
by the receiver. Inventories at the P end are determined by production considerations
(‘production-smoothing inventories’, see Shirley and Winston (2004) for more
information about this distinction). In the logistics module, we need not go into
production scheduling and the trade-off between production costs and inventories,
since production is already modelled in the PWC flows. By assuming that the PWC
flows —the quantities of the goods flows- are already determined in an earlier
(aggregate) model, we effectively partition firm behaviour in two parts: one part on
location choice, production technology and choice of supplier or receiver and one on
logistics decisions including shipment size, which is of course a simplification of real-
world behaviour, but in our view a reasonable one.

It is not required to model both the shipment size and the frequency of ordering (and
thus transporting) a good. If the total annual demand Q for the good is known (from
the PWC matrices and the disaggregation to firm-to-firm flows we know the annual
flows by commodity type), then Q = f.q, in which f is the frequency per year of
ordering and transporting the good and q is the shipment size. Here we seek to model
shipment size; and frequency will follow once we determine the optimal shipment
size. Alternatively, we could model frequency.

The shipment size to be determined is the size of the shipment as it arrives at the
destination end C. We assume that corresponding amounts of this good are produced
and lifted at the P end, but in transport from the P zone, these amounts (shipments)
may be consolidated into larger vehicle loads. A shipment is then defined as a certain
quantity of the good that is ordered together and delivered together. It can exceed a
full truckload, and, in the case of road transport, can consist of several trucks
(‘convoy’). The model does not explicitly take into account shipment size selection
for optimal inventories at transshipment locations between sender and receiver (we
assume the receiver determines the shipment size from his own perspective), though
the time and cost involved in storing the goods at transshipment points are included in
the logistics costs function.

As the shipment size increases, transport costs decrease, while inventory costs
increase. The trade-off between transport and inventories is modelled in the Economic
Order Quantity (EOQ) model (first formulated by Harris of Westinghouse
Corporation in 1915 (Winston, 1987)). The optimal shipment size is found by
minimising the sum of the total logistics costs. The solution is called the ‘economic
order quantity’. Different inventory theoretic model specifications have been derived
for this problem (see for example Baumol and Vinod, 1970; Chiang, Roberts and Ben
Akiva, 1981; Vieira, 1990 or Park, 1995).

The total annual logistics costs G of commodity k transported between firm m in
production zone r and firm n in consumption zone s of shipment size q using logistic

chain I:

Grskmnql = qu + Trskql + Dk + Yrskl + qu + qu + erkq (1)



Where:

G: total annual logistics costs

O: order costs

T: transport, consolidation and distribution costs
D: cost of deterioration and damage during transit
Y': capital costs of goods during transit

I: inventory costs (storage costs)

K: capital costs of inventory

Z: stockout costs

The purchase costs of the goods from different suppliers are not part of the
optimisation, since the senders and receivers of the goods have already been
determined. However, the purchase costs do play a role through the capital costs of
the goods that are included in the equation above.

Equation (1) can be further worked out (see RAND Europe et al, 2004; RAND
Europe and SITMA, 2005):

Grskmnql = Ok.(Qk/Qk) + Trskql + d.j.g.Vk.Qk + (d.ty. V. Qr)/365 +
(Wit (d.vi)).(q/2) + a . (LT.00H)+Q o) )

Where:

o0 : the constant unit cost per order

Q: the annual demand (tonnes per year)

q : the average shipment size.

d: the discount rate (per year)

j: the fraction of the shipment that is lost or damaged (might vary between modes)

g: the average period to collect a claim (in years)

v: the value of the goods that are transported (per tonne).

t: the average transport time (in days).

w: the storage costs per unit per year.

a: a constant to set the safety stock in such a way that there is some fixed probability
of not running out of stock. For medium/high frequency products, a common
assumption is that the demand (and lead-times) follows a Normal distribution. a will
then be: a = F'l(CSL), where F! is the inverse Standard Normal Distribution and CSL
is the cycle service level, that is the probability that the stock will not be empty during
a replenishment cycle.

LT: expected lead-time for a replenishment (time between placing the order and
replenishment)

orr: standard deviation for the lead-time

Gq.: the standard deviation for the yearly demand

The optimal shipments sizes will in the standard cases not be influenced by the safety
stock, or vice versa. However, different transport alternatives with different transit
times will have an impact on the safety stock through the lead-time (and possibly
through the standard deviation of the lead-time), and thereby also on the inventory
cost (and the total cost). This may be the case for alternative modes. In principle, lead-
time should then be a function of the mode (h): LT = LT(h).



The most general situation, which is valid for most commodity types, is optimisation
of both inventory and transport cost based on a common cost function. Then optimal
shipment size is determined as:

-(0*QU/Q” + (Wi + d*Vi)/2 + OTrg/Ogi = 0 3)

The last term takes into account the effect of economies of scale in transport operation
(bigger vehicles and vessels have lower unit cost) on shipment size. However, the
transport costs depend on the transport chain that is chosen, and this is not yet known.
In the prototype (version 0) logistics module for Norway and Sweden (see section 8)
we have assumed that transport costs do not matter in the determination of shipment
size. For most commodity types, the optimal shipment size is then determined as:

(0, 0, *2)

T @)
(w, +d*v,)

For other commodity types, where the shipment size is not so much a decision

variable but a constraint on the transport costs optimisation (e.g. when inventory costs
are low), we have in the prototype used an exogenous shipment size.

The assumption that transport costs do not influence shipment size has been relaxed in
the current version (version 1) of the model for Norway and Sweden. The outcomes
of eq. (4) are now only used as a starting point, and twenty different frequencies are
generated from this, all smaller than the starting point, because transport cost is a
force that will work to increase shipment size (by moving to larger vehicles or vessels
one can obtain lower transport costs per tonne). All twenty points are evaluated using
the full logistics costs function (including transport costs) and the shipment size and
frequency of the one with the lowest total logistics cost is chosen. We assume that
shipment size is the same for all legs in the transport chain, though a shipment may be
combined with other shipments in the same vehicle or vessel at consolidation centres.

4. Transport logistics

The simplest, but not necessarily cheapest, option would be to transport the shipment
directly from P to C without using consolidation or distribution centres or
transshipment. In this case there would be no costs of consolidation, distribution and
transshipment. However, the pure transport costs per tonne are decreasing clearly with
increasing shipment size: larger road vehicles and rail and waterway modes usually
have lower freight rates per tonne. Therefore, especially for less than full truckload
shipments, it is quite likely that the savings from direct transport in terms of
transshipment costs are smaller than the additional pure transport costs.

Another alternative for this transport involves consolidation; using consolidation
centres in the neighbourhood of the production location (see Figure 1).



Figure 1 - Consolidation and distribution: the shipment of goods from location A to B is consolidated at
C and distributed at D

Mode availability depends on the specific spatial relation studied, as well as on the
commodity group k and the shipment size q. The total set of modes h in the logistics
module consists of:

® Road transport (with different vehicle types/sizes);
® Rail (with different train types);

® Sea (with different vessel types);

® Air transport (with different types of aircraft).

Also the distinction between unitised shipments and non-unitised cargo is part of the
mode definition h. We now introduce some further notation:

Table 1 - Symbols used for logistic chains

Sender m

Receiver

Logistic chain

Commaodity type (omitted)

Mode/vehicle type/loading unit

n
|
k
Value v
h
t

Transshipment location

Leg i

Number of legs I

In the following we omit the subscript for commodity type. Commodity types are
independent: all equations are simply repeated over all commodity types. We are also
not using the zone subscripts r and s, because the locations of sender and receiver are
implied in m and n.

The logistic chain / (1 of Leonard) consists of a chain of modes and transshipment
locations:

Figure 2 - Logistic chain



From sender m (producer P or wholesaler W) this is a transport of one or more (OD)
legs to receiver n (C or W). We denote a leg of logistics chain / by i, and the number
of legs of logistic chain [ is I; (I of Isaac, sub / of Leonard). The mode on the first leg
is denoted h;, the mode on the second leg h,, etc., but there could be several modal
alternatives at each leg (as an example we depicted two mode options per leg in
Figure 2 above). Between the OD legs there are transshipment locations, which can be
consolidation/distribution centres, ports, airports or intermodal rail terminals. At these
locations (denoted t; till ty.;), goods change modes, but there can be temporary
storage, 1.e. to wait for large vessels with low frequency, as well.

The logistic chain can now be written as a series of mode-transshipment location

points, one for each leg of the chain, with the last being a mode-receiver location pair
(equivalently we could have started with the sender and the first mode):

=y, t0)s(hy st )senes (g 1)} (5)

Each pair indicates alegi,1=1,..., I,.

We can regard this as three sub choices within /:
Number of legs

Legi

1 2 T
Figure 3 — Choices within logistic chain

The explanatory factors are included in the logistics costs function Gy
I
G, = Z specific to leg i + specific to the chain [
i=1

pl

fi...L,,})=PlIL,,)=min[G,,] (©)

Ln = choice set of logistic chains per mn.

The choice of transport chain is determined on the basis of the same logistics costs
function as used for shipment size. This function can be parameterised as:

Ginngl = Bogt + B1.(Q/q) + Xunngit+ Jmngt + B2.j.v.Q + B3.(tmn1.v.Q)/365 + (By +
Bs.v).(q/2) + a .(LT.60°)+(Q".or1°) -



Where:

Bog = alternative-specific constant
Bl =0

B =dg

Bs = d (in transit)

B4 =w

Bs = d (warehousing).

What we have done in eq. (7) is to include a number of items, such as order costs,
storage costs and capital carrying costs, in the coefficients to be estimated. The reason
for this is that data on these items will be very difficult to obtain. As a result, the
coefficients have specific logistical interpretations. We could distinguish between the
implied discount rate (d) of the inventory in transit (83) and of the inventory in the
warehouse (Ps), because these need not be the same. Including revenues for the
shippers and doing profit maximisation instead of cost minimisation is not required
here, since the PWC flows (and therefore the sales) are already given. In the
minimisation, we assume that firm size does not matter. This assumption may be
relaxed to accommodate economies of scale in warehousing, ordering and transport.
Also, variation of the discount rate for the inventory capital costs and of other
preferences between firms could be included.

A random utility discrete choice model can be obtained by using minus the total
annual logistics costs as the observed component of utility and by including random
cost components € that follow specific statistical distributions. These random
components account for omitted variables that influence decisions on shipment size
and transport chains3, measurement errors and such.

Umnql =- Gmnql - €mnql (8)

Where:

Unnngt : utility derived from logistic and transport choices

Gunnq : Observed component of total transport and logistics costs
€mnl : random cost component.

Transport cost reductions for a shipment might be achieved by consolidating the
shipment with other shipments in the same vehicles and vessels, at consolidation
centres (including ports, airports and railway terminals). This possibility of sharing
the transport costs with other shippers is included in the costs functions (by defining
part of the transport costs as variable, and only including the shipment’s part of the
load of the vehicle/vessel for these). The degree of consolidation (and consequently
the part of the variable costs that need to be borne by the shipment) depends on which
vehicles are available in a transport chain and on the presence of other cargo that
needs to be shipped from the same consolidation centre of that transport chain to the
distribution centre of that chain. The load factor (vehicle load as percentage of vehicle

? For instance in an empirical specification without safety stock considerations, as used at the moment
for Norway and Sweden, transport time reliability is missing from the logistics costs function, though
this can be expected to influence shipment en transport chain choice.



capacity) therefore is an endogenous variable: the OD pattern that the logistics model
produces, provides the required information on other cargo between terminals. This
endogeneity problem can be solved by applying the model in an iterative fashion: the
OD pattern of a previous model run is used to indicate whether for a shipment there
will be other cargo with which it can be consolidated. In section 8 we describe how
this was implemented for Norway and Sweden. This also includes consolidation by
carrying out collection runs to different senders, without trying to predict the exact
configuration of the collection tours at the P end and the distribution tours to several
receivers at the C end; this would require solving numerous travelling salesman
problems, which is clearly beyond the scope of this model.

5. Empties

Empty vehicles are an important output of a freight transport model, since these
vehicles (or vessels) use the network, just as well as the loaded vehicles. In several
freight transport models, the empty vehicles in some direction are made dependent on
the goods flows in that direction. So every tonne transported from an origin zone r to
a destination zone s will lead to the movement of an empty vehicle of the same size
from the same origin r to the same destination s. However, this will get the
directionality wrong; the empty flows are by nature reverse flows (Holguin-Veras and
Thorson, 2002). It would be better to assign all product OD flows to vehicles first and
then define another product: ‘empties’. The flows for these vehicles (similarly for
vessels and aircraft) are the mirror image of the loaded OD flows: they go from s to r.
This is what we do in the logistics module for Norway and Sweden: we calculate the
loaded trips first and then use vehicle balances and let vehicles return to where they
came from, with specific shares for empty and loaded return trips. In this formulation,
the probability that some of the empty capacity will also be used for transporting
goods in the opposite direction is taken into account.

6. Data requirements

To estimate the logistics module, as described in the sections above, requires
information on the following items:

® Data on individual shipments (e.g. from a commodity flow survey or a
shippers survey): sector of sender and receiver, origin and destination, value of
the goods, modes and vehicle/vessel type and size used, cargo unit, shipment
size/frequency, use of freight terminals (including intermodal terminals and
marshalling yards), consolidation and distribution centres, ports and airports.
Preferably this would be transport chain information: which shipments go
directly from P to C, which use the above intermediate points?

® Data on where the freight terminals, consolidation and distribution centres,
ports and airports are located;

® Data on transport and logistics costs: transport costs per vehicle/vessel
kilometre, terminal costs, handling and storage costs for all available
alternatives.

Only a few countries have available recent multi-modal information at the
disaggregate level. Besides estimation on (partly) disaggregate data, the model can
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also be calibrated to aggregate data, such as data on modal shares by commodity type
for aggregate zones and on the shipment size distribution.

7. Application to Norway and Sweden: data availability and ideas for estimation

The existing national model systems for freight transport in Norway (NEMO) and
Sweden (SAMGODS) are relatively sophisticated models, judged by international
standards in freight transport modelling. These models contain the conventional four
steps (with mode choice and assignment being handled simultaneously in a
multimodal assignment), as well as value-to-weight transformations and vehicle load
factors. All steps are handled at the aggregate (zonal) level. Both models are lacking
logistics elements, such as the determination of shipment size or the use of
consolidation and distribution centres (though indirectly, transshipments between
modes are included by using multi-modal network assignment).

The transport authorities of Norway and Sweden, working together as the Work
Group for transport analysis in the Norwegian national transport plan and the
Samgods group in Sweden, have commissioned RAND Europe* (now Significance) to
develop a logistics module that will be part of their national freight transport
forecasting systems and policy analysis. There will be two logistics modules, one for
Norway and one for Sweden, but with a common structure and, if required because of
missing data in one of the countries, also some common coefficients.

Sweden has available a Commodity Flow Survey (CFS) for the years 2001 and
2004/2005 with information on about a million individual shipments (SIKA, 2003).
This includes the value and weight of the commodity, the sender and receiver location
and the sequence of modes used. However, the locations of the transshipment are not
included (except for ports in international transports). For Norway, there is no CFS,
but probably the detailed shipment data from one of more of the biggest logistic
service providers can be used. This data would include the locations of the
consolidation and distribution centres used. Both for Norway and Sweden there might
be targeted (e.g. for specific commodity types) additional data collection at the level
of individual shipments

Data on the locations of the terminals, ports and airports are available in Norway and
Sweden, though with some focus on the larger terminals. For the link-based transport
we use transport distance and time from the networks as inputs to costs functions for
each vehicle and vessel type. Transshipment cost information is also available for
each type of transshipment and the information on the other logistics costs items
comes from industry expertise.

7.1 Estimation for Sweden

In the CFS, transshipment locations are unobserved. For road we also do not know I;
(number of legs), since we do not have information on the use of consolidation and
distribution centres. Because we have data on the sequence of modes used, we know

* The project for Norway and Sweden is carried in several phases, some of which involve partners:
work on the logistics module has been carried out together with Solving International, Solving Bohlin
& Stromberg, Michael Florian of INRO Canada and Stein Erik Grgnland of SITMA.
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how many transshipment locations have been used (with some observation error), in
terms of changes between the nine modes distinguished in the CFS, but we do not
know in which zones the transshipments took place. The problem can be stated as;

~

Gyt =Ming 4 i=1,..1, )
Given [hl,hz,...,hll J Find the corresponding t;’s

For Sweden we shall use the full model specification (as above), but we note that the
transshipment locations t; are not observed. In the loglikelihood, we use the
expectation of the outcome of the transshipment choice, which in the logit
formulation will be the logsum (e.g. for the first leg):

In» exp(-G,,) (10)

1,1y

By estimating the Swedish logistic chain choice model together with the Norwegian
one (and if posible use new datasets in this at the same time), the parameters of all
choices can be identified

7.2 Estimation for Norway

In the data from the logistic service provider(s) we will have information on the
modes h and transshipment locations used t. But information on the sender and
receiver (except their location) will be limited if not absent, and most importantly, we
will not know commodity type k (only some information on the way of handling: e.g.
refrigerated).

So, what we observe is a sum over commodity types. We may be able to link a
commodity type (but not using a detailed classification) to information in the dataset,
e.g. on the value (and/or weight) of the shipment:

P(16)=Y" Pl
k

0,k)- P(k|valua...) (11)

Also, we can try to identify parameters by commodity type by combining the data
with the data from Sweden and performing simultaneous estimation.

8. The 2005/2006 and 2006/2007 logistics models for Norway and Sweden

This concludes the specification of the logistics model, which is planned to be
estimated on disaggregate data for Norway and Sweden in 2007 and beyond (when
other shipment-level data will be available). In 2005/2006 a preliminary logistics
model (a ‘prototype’ or ‘version 0’) for Norway and Sweden was developed on
existing data, which assumes deterministic cost minimisation, but already uses micro-
simulation. This prototype had a weak empirical foundation since it was not based on
disaggregate estimation or aggregate calibration.

In 2006/2007 a version 1 model has been constructed; this is an improved
deterministic cost minimisation model. In the version 1 model, the logistics cost
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minimisation takes place in two steps. In the first step (transport chain generation), the
optimal transshipment locations (from the list of available terminals) are determined
for each type of transport chain and origin and destination zone. In the second step
(transport chain choice), shipment size and transport chain (number of legs, selection
of modes and vehicle types) are determined by enumerating all available options for a
specific firm-to-firm flow and selecting the one with the lowest logistics costs.

For Norway, the version 1 model uses all firm-to-firm flows, based on register data on
the firms by number of employees and municipality, and no expansion is needed to go
to the population of all goods flows in Norway. For Sweden a sample of firm-to-firm
flows (for different size classes) is used for application of the disaggregate logistics
choices, after which an expansion procedure needs to be used to arrive at population
totals.

Unlike the prototype version, shipment size in the version 1 model depends on
economies of scale in transport, through the transport cost function (a force leading to
larger shipment sizes, because these have lower transport cost; see section 3). The
degree of consolidation (or the load factor of the vehicles) between consolidation
centres and distribution centres is determined in an iterative procedure which starts
with an assumed average load factor, but in a subsequent iteration includes
information on the availability of other cargo (based on the available transport chains
and port statistics), and in an even further iteration uses the flows between
consolidation centres predicted in the previous model iteration.

We have developed a procedure to calibrate parameters in the cost function to
available aggregate data. A number of calibration parameters (e.g. for implied
discount rates, mode-specific constants, constant for direct transport) is added to the
cost function. We use observed OD data by mode, commodity type for aggregate
zones (10x10 zones for a country) as calibration data. The calibration parameter
values are then determined in an iterative process using the Box-Complex procedure
(see Box, 1965, Balakrishna, 2006). This method belongs to the class of direct search
methods, that do not require derivative methods (unlike gradient search), which is
convenient given our highly nonlinear logistics cost function (which is a step
function).

Below we give some results for the version 1 model for Norway. We assigned the
P(W) side in Norway to more than 100,000 firms (senders) and the C(W) side to
almost 400,000 firms (receivers). There are more receivers than senders because
senders can only be firms producing goods or wholesalers whereas receivers include
firms in all sectors (e.g. also including services). The number of firm-to-firm flows
generated for Norway is 6 mln. This number refers to annual flows (business
relationships), each of which can consist of several shipments. The program that was
written for the 2006/2007 logistics model thus creates a file with 6 mln records. For
each of those records we now have a sending firm (m) in some zone (r), a receiving
firm (n) in some zone (s), a commodity type k and an annual total flow Q. After this,
the shipment size (and frequency) and transport chain for this flow are determined on
the basis of deterministic costs minimisation. These results are generated for each
firm-to-firm flow (so we get a transport chain for every record) and added to the 6
min firm-to-firm records. The 2006/2007 model therefore already is a micro-
simulation model. From this large micro-level file, several more aggregate files can be
derived. The version 1 model for Norway distinguishes 32 commodity types, transport
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chains of one, two, three and four legs, ten road vehicle types, 28 vessel types
(including ferry), eight train types and two types of aircraft. The distinction between
containerised/non-containerised is incorporated by defining container and non-
container vehicles and vessel types. The runtime of this version 1 logistics model for
Norway was up to 2 hours on a standard PC.

9. A mode and shipment size choice model estimated on the Swedish CFS 2001

The US Commodity Flow Survey has been analysed quite frequently (e.g. Sorratini,
2001, Vanek and Morlok, 1998, 2000). The Swedish CFS has not yet been used for
transport modelling.

In a research project at the Institute for Transport Studies, University of Leeds, we
have used the Swedish CFS 2001 to investigate mode choice and shipment size (the
CFS 2004/2005 became available only very recently). More specifically discrete
choice models have been estimated explaining these choices from characteristics of
the shipper, the shipment and transport time and cost on the networks.

The CFS 2001 datafile we are using has 922,913 records. Each record is a shipment to
or from a firm in Sweden, with information on origin, destination, modes used, weight
and value of the shipment, sector of the sending firm, commodity type, access to
railtracks and quays, etc. From this we selected a file of 748,952 outgoing shipments
of Swedish firms (domestic transport and export, no import) for which we have
complete information on all the endogenous and exogenous variables.

The endogenous (choice) variable in the model is a combination of mode and
shipment size. The mode here refers to the mode used in Sweden. As mode
alternatives we use: road transport, rail transport, sea transport and air transport.

Road transport includes transport chains that use passenger car, truck or minibus/van,
but no non-road modes. Rail transport includes direct rail transport or chains with
road access or egress to rail. Sea transport includes transport chains with direct sea
transport as well as chains with road and rail access/egress to/from the port. Air
transport includes chains with direct air connections and chains with road
access/egress to/from the airport. Other mode chains are used only very seldomly
(within Sweden), according to the CFS.

We classified the continuous weight variables into five categories:
e Upto 3,500 kg

3,501-15,000 kg

15,001-30,000 kg

30,001-100,000 kg

Above 100,000 kg.

The choice options in the mode and shipment size model are the 17 discrete
combinations of mode and shipment size listed in Table 2. For air transport there were
not enough observations in the three highest weight categories for inclusion in the
model.
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Table 2 also gives the number of observations by mode (the number of times this
option is chosen in the CFS). Road transport is clearly dominant (in terms of the
number of shipments). A road transport with a shipments size in the fourth and fifth
category will be a convoy of several vehicles. Very large consignment sizes for sea
are missing as imports are not included.

Table 2. Choice alternatives used in the model and observed CFS frequencies

Choice Mode Shipment size Number of
alternative observations in
estimation data set

Roadl Road transport Up to 3,500 kg 649,683
Road2 3,501-15,000 kg 42,042
Road3 15,001-30,000 kg 16,737
Road4 30,001-100,000 kg 13,720
Road5 Above 100,000 kg 1,233
Raill Rail transport Up to 3,500 kg 4,453
Rail2 3,501-15,000 kg 995
Rail3 15,001-30,000 kg 1,433
Rail4 30,001-100,000 kg 1,771
Rail5 Above 100,000 kg 1,318
Waterl Water transport | Up to 3,500 kg 5,486
Water2 3,501-15,000 kg 1,489
Water3 15,001-30,000 kg 1,541
Water4 30,001-100,000 kg 458
Water5 Above 100,000 kg 644
Airl Air transport Up to 3,500 kg 6,011
Air2 3,501-15,000 kg 388
Total 748,952

The logistics cost function used in an approximation to (1), (2) and (7). It includes
link-based transport costs, transshipment costs, but —for the air transport options- also
the value of the shipment times the transport time, to represent the capital cost on the
inventory in transit. For the other modes, the coefficient for this last term was not
significant in estimation. The value of the goods (per weight unit: value density) is
included for the two smallest shipment sizes for each mode to represent that for high
value goods, small shipment sizes are more likely (to keep the inventories down). The
estimated model does not include specific terms for order costs, deterioration of the
goods and for the safety stock (because information on deterioration and annual
demand is missing). However, the latter two components will be proportional to value
of the goods and shipment time, so the terms for value density and value times
transport time will also be picking up some of these influences.

In the CFS, the origins of the shipments are coded by municipality. The domestic
destinations are also given in terms of municipalities, for the foreign destination there
is information in terms of the zones in the STAN national freight transport model.
Within Sweden, the STAN model uses municipalities as well. The municipality codes
and foreign STAN codes were used to append network information to the CFS
records. From the STAN networks we took distance between origin and destination
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and time between origin and destination by mode. This information was used to
calculate transport costs, including:
¢ Distance-based link costs (e.g. fuel)
Time-based link costs (e.g. labour)
Initial loading and final unloading costs
Access and egress costs to/from the main mode
Transshipment costs.

Furthermore, transport time was also taken from the networks, and used to calculate
the capital cost on the inventory in transit.

The network information and the costs function information was assembled in the
course of the project to develop a logistics module for the Swedish and Norwegian
national freight transport models (for the Samgods group in Sweden and the NTP
group in Norway), described earlier in this paper. We used the information on this that
was incorporated in the versions 0.1-0.3 of the logistics model (RAND Europe and
SITMA, 2005, 2006), but simplified the costs functions to fit the 17 mode-shipment
size combinations that we are using in the mode and shipment size model.

The estimation results for a multinomial logit model for mode and shipment size are
in Table 3. Nested logit and mixed logit models on this data set (so far) did not lead to
satisfactory results.

The pseudo rho-squared w.r.t. constants only is negative, but this statistic was
calculated by comparing the log likelihood value of the estimated model (which has
only three mode-specific constants) to a reference model with no less than 16
alternative-specific constants (the 17 choice alternatives minus 1).

The mode and shipment size choice model contains many very significant coefficients
(owing to the very large sample size). If the sending firm has access to industrial rail
tracks this greatly increases the probability of using rail, and if it has access to quay
docking facilities this increases the chance of choosing water-based transport. Large
senders are more likely to use rail, whereas products with a high value-density are
more likely to be shipped in small quantities (shipment sizes up to 15 tonne), to keep
the inventory costs down. Building materials and minerals are unlikely to be
transported in small road shipments, but larger the road shipment size the more likely
it is to be chosen for this commodity type. Larger shipments of petroleum products,
metal and chemical products are more likely to be transported by rail. Water transport
is also more likely for chemical products, and even more so with large shipment sizes.
For ores and metal waste, rail and water transport have a higher choice probability,
except for the smallest shipment size. Machinery and equipment are more likely to
use rail or water transport, except for shipments between 3.5 and 15 tonne. Transport
cost and the variable for inventory costs during air transport (transport time times
value of the shipment) have the right (negative) sign, and are highly significant. The
numerical outcomes imply that for a shipment worth 1 mln SEK, these costs are 10
SEK per hour. This implies a 9.4% interest rate on an annual basis, which is clearly
higher than the interest rates at capital markets in Scandinavia. Please note that the
time- dependent link-based transport costs (labour and vehicle costs) have already
been taken into account in the transport costs. The remaining time costs are related to
the capital cost of the inventory in transit and maybe also to deterioration and safety
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stock considerations. For air transport these turn out to be substantial. Estimation of
separate transport time times value coefficients for road, rail and water transport did

not lead to significant coefficients.

Table 3. Estimation results for a multinomial logit model for mode and shipment size

choice

Variable Relevant alternatives Coefficient t-ratio
Road constant Road 5.652 420.6
Rail constant Rail -0.788 -22.4
Air constant Air 1.686 69.3
Access to industrial rail track at origin Rail 2.562 108.7
Access to quay at origin Water 1.514 40.1
Company is in biggest size class (sector- Rail 0.592 17.9
dependent)

Value density in SEK/kg (truncated at All modes: smallest 2 0.0404 121.6
1,000,000) shipment sizes

Commodity type is minerals, building Road2 -1.142 -53.9
material

Minerals, building material Road3 0.050 1.8
Minerals, building material Road4 5.147 169.5
Minerals, building material Road5 15.12 133.9
Petroleum products Rail4, Rail5 7.250 76.1
Metal products Raill, Rail2 -1.514 -20.2
Metal products Rail3 1.520 19.9
Metal products Rail4 6.229 75.6
Metal products Rail5 17.96 158.7
Chemical products Raill -0.616 -7.2
Chemical products Rail2 -2.058 -8.0
Chemical products Rail3 2.178 20.6
Chemical products Rail4 7.486 89.8
Chemical products Rail5 17.96 148.7
Chemical products Waterl 1.238 33.6
Chemical products Water2 0.257 34
Chemical products Water3 2.107 20.3
Chemical products Water4 4.750 32.7
Chemical products Water5 13.86 78.7
Ores and metal waste Rail2-5 5.525 76.0
Ores and metal waste Water2-5 2.447 13.0
Machinery and equipment Raill 1.196 47.4
Machinery and equipment Rail2 -2.116 -13.6
Machinery and equipment Rail3 1.542 11.7
Machinery and equipment Rail4 5.043 24.5
Machinery and equipment Rail5 15.40 87.2
Machinery and equipment Waterl 0.502 16.8
Machinery and equipment Water2 -0.687 -10.4
Machinery and equipment Water3 2.208 29.3
Machinery and equipment Water4 1.684 34
Machinery and equipment Water5 12.59 53.8
Transport cost in SEK All -0.000128 -312.8
Transport time (in hours) times value of Air -0.00136 -109.1
goods (in mln SEK)

Number of observations: 748,952

Final log likelihood value: -689146.3

Pseudo rho-squared w.r.t. zero 0.675

Pseudo rho-squared w.r.t. constants: -0.431
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We also calculated some elasticities for the model presented in Table 3, using sample
enumeration on the estimation data. We obtained road transport cost direct elasticities
of around -0.5, rail and water transport costs direct elasticities that were all above 1
(in absolute values), air transport cost direct elasticities that were almost 0 and air
transport time direct elasticities of around -2.

10. Summary, conclusions and directions for future work

In this paper, the general structure of a new logistics model has been specified. This
structure has been worked out for Norway and Sweden, for inclusion in their national
freight transport forecasting systems. Estimation of the logistics choices on
disaggregate data is planned for both countries, but has not been carried out yet. The
logistics model takes as inputs commodity flows from production to consumption
zone. The logistics model then disaggregates these flows to firm-to-firm flows. After
this disaggregation, the logistics decisions (shipment size, use of consolidation and
distribution centres, mode and vehicle/vessel type and loading unit type choice) are
simulated at this firm-to-firm level (micro-simulation). The basics mechanism for
these decisions is minimisation of the total annual logistics costs function. The output
of the model consists of flows between origins and destinations (OD-level), where
consolidation and distribution centres (including ports, railway terminals) are also
treated as origins and destinations. Furthermore, the model can provide information
on total logistic cost between zones, which can be used in trade or spatial interaction
models.

A prototype based on a deterministic function has been developed and applied in
micro-simulation for Norway and Sweden in 2005/2006. This prototype has been
extended and improved in 2006/2007, and is now calibrated to data on mode shares
between aggregate zones and on the observed shipment size distribution. These
implementations show that it is feasible to simulate the goods flows in a (not too
large) country at the level of individual firm-to-firm flows and shipments within a
reasonable run time. This micro-level logistics model does require aggregate flows
between production zone and consumption zone (the disaggregation of these to the
firm level can be part of the logistics model) as inputs as well as inputs from transport
network models. It can only work in combination with models for these other tasks,
such as multiregional input-output models and assignment routines.

The versions implemented so far use a deterministic logistic costs minimisation as the
basic decision mechanism. The calibration to aggregate data (by commodity type)
serves to obtain a better match to observed modal split data, and does this partly by
including mode-specific calibration factors, that may represent generic modal
preference for or resistance against some mode. Other than this, it does not take into
account that there are more factors than logistics costs (including time components)
that can influence decisions on shipment size and transport chains (as well as
measurement errors) and will lead to variability in the outcomes. Such omitted factors
may include reliability of travel time and flexibility in reacting quickly to unforeseen
demands. To capture the influence of omitted factors and measurement errors, a
model is required that not only includes mode-specific parameters, but that goes
beyond deterministic optimisation by also including random components.
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To estimate the random utility formulation of the logistics model, one needs data on
individual shipments that give the transport chains (locations of transshipments,
modes and vehicle types for each leg). For most countries, these are not available, and
then the micro-level logistics model can be implemented in the version that is
calibrated to aggregate data on mode shares.

Estimation of the random utility logistics model on disaggregate data is foreseen for
future years for both countries. Some of these data are already available (e.g. the
Swedish CFS), some still need to be collected. For Norway the new data might
include the location and use of consolidation/distribution centres as part of transport
chains by major logistics operators.

Besides this planned estimation exercise, there are a number of ways in which the
proposed logistics model might be improved in the somewhat more distant future:

¢ In the logistics model there is consolidation of multiple shipments in the same
vehicle/vessel but there are no explicit tours in the model. The model analyses
freight transport looking at it shipment by shipment (or rather firm-to-firm
flow by firm-to-firm flow). It is also looking at the amounts of other cargo at
the same OD pairs (for consolidation), but does not try to predict which
shipments will be combined together and how the vehicle tours will be made
up. There is no explicit handler/carrier perspective. We think it would be very
hard to include these things at the scale of a national model, but on the other
hand there are interesting developments in the field of freight transport tour
models, that might one day be combined with the shipment-based approach of
our framework (see Stefan et al., 2005: micro-simulation of commercial
vehicle tours, but no representation of shipments).

e Empty transports (see section 5) are dealt with in a way thay moves beyond
common practice, but that can be further improved, especially if one would
move in the direction of vehicle tour models (Holguin-Veras and Thorson,
2002).

e A national, and certainly an urban, transport model system also needs to
include transport of services. The proposed logistics model does not include
these. Ideas on how to incorporate such flows can be found in de Jong et al.
(2004).

In a parallel research project, The Swedish Commodity Flow survey 2001 was used to
estimate a model at the level of individual shipments. This model simultaneously
explains mode and shipment size. Many commodity-type-specific variables were
found to have a significant influence on these choices. Also, goods with a higher
value per tonne are more likely to be transported in small shipments (up to 15 tonnes)
because of inventory costs considerations (at the destination). Transport costs had a
highly significant impact and the additional capital costs on the inventory in transit
(also possibly representing some influences of deterioration of the goods and of
keeping a safety sock) were only significant for air transport. The implied interest rate
for these transports clearly exceeds the local capital market interest rates. Future work
on this model may include re-estimation on the Swedish Commodity Flow Survey
2004/2005, models with other explanatory variables explaining some of the
coefficients (observed taste variation) and with random (unobserved) taste variation in
some of the parameters (e.g. time and costs) or with other more flexible substitution
patterns.
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