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Abstract

Deciding shipment size is important in freight spart: it depends on the logistical
imperatives of shippers and the technical poss#sliof carriers. Shipment size choice is also
closely related to transportation mode; it is thame important from a public policy

perspective.

The theory of optimal shipment size and mode @hdascrobust. There are many
inventory-theoretical models of optimal shipmertesiapplied by shippers in operational
contexts. However, none of them has been validastirically over a large and
heterogeneous population of shipments, so thatdheyirtually useless for modeling freight
transportation demand. This is due in particulahtlack of adequate data.

In this paper, the simple Economic Order Quan{lB0Q) model is assessed
empirically on a national scale, over a heterogesqmapulation of shipments. Using the
French ECHO database, which notably observes corntyritalv rates between shippers and
receivers, the EOQ shipment size specificatiorsisrated. The validity of the EOQ model is
confirmed. In addition, the dominant role of the coadity flow rate between the shipper
and the receiver, and of commodity value densitgvealed. The relationship between mode
choice and shipment size is also highlighted.

Keywords
Optimal shipment size; freight transportation ecoism inventory theory; empirical

analysis; EOQ model
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1. INTRODUCTION

Freight transportation demand models are largelypiied by passenger transportation
demand modelslf. Their architecture is generally based closelyhenclassic four stages of
passenger transportation demand model2)g.€. generation, distribution, mode choice, and
assignment. In particular, classical passenger nubace models are generally discrete
choice models, where the value of a mode alterndtiva passenger is represented by
additive random utility functions3( 4; 5). These utility functions consist of variables
associated to the individuals and of variables aatatto the transport alternatives (typically
their rates, travel time, and reliability). Freigmode choice models generally follow the
same principles.

These models are relatively efficient empiricallyyt they have shortcomings.
Probably one of the most significant is the seetgingtal neglect of the role of logistics.
This is an issue for at least three reasons. bestuse it suggests a theoretical flaw: for
example, it is impossible to establish a formahtiehship between the preferences of a
shipper regarding freight transport and its owridbgal environment (customer preferences,
position in the supply chain, etc.) Second, maagpdport policy instruments fall outside the
scope of these models (warehouse location politee®s on warehousing, etc.) Third, an
important variable lacks: shipment size.

Shipment size plays an important role in freigahgportation. For shippers, sending
ten shipments of a thousand tons a year is entilifigrent from sending ten thousands one-
ton shipments. For carriers, different shipmentesizmean different vehicles and
organizations. This applies especially to the ohaittransportation mode.

Theoretical models of optimal shipment size and naaece have been around for a
long time. They are most often based on the certldryEconomic Order Quantity model.
Initially designed to optimize production in certaiontexts, it applies easily to the context of
freight transport. However, its validity for a l&r@nd heterogeneous population of shippers
has never yet been assessed.

This is mainly due to the lack of an adequate degtab Indeed, an important
explanatory variable in the EOQ model is the comitydtbw rate between the shipper and
the receiver. This variable is not usually recordBige French shipment database ECHO is
one exception. This paper uses that database in tordeach an empirical assessment of the
Economic Order Quantity model for shipment sizeichin freight transport.

The discussion proceeds as follows. First, Se@ipnesents a review of the literature
mainly focused on the choice of shipment size @igfit transport. Section 3 recalls the
theoretical underpinning and formulas of the EOQ eho8ection 4 then presents the ECHO
database and the estimation methodology. Sectidiscusses the results of that estimation.
Section 6 presents the estimation of an extende@ E@del, which gives additional insight
into the structure of transportation costs andrtimepact on the choice of shipment size. The
paper is concluded in Section 6.

2. LITERATURE REVIEW

Freight mode choice models are generally based mmoetonomic, often disaggregate
models of the interaction of shippers and carriémgial investigations on freight mode
choice were focused on direct transport co6is7). Later studies concluded that indirect
costs played an important rol8; 9; and alsol0). Some models were based on total cost
minimization and linear programming). With the parallel development of discrete choice
modeling techniqueslp), this led to a now dominant model architectureekgheach modal
alternative is represented by a ultility (or genieeal cost) and the choice between alternatives
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by a probabilistic model, such as the multinom@dit and its refinementsl8, 14; for a
comprehensive review of recent freight models, rrébel5; for a review of some recent
discrete choice model specifications in freighhsort, refer td.6). All these models have in
common that shipment size is absent.

The importance of shipment size was identified |l@gyp. It was soon found that
shipment size is an empirically important explanatariable in mode choice T, 18). (19)
designed and estimated a behavioral model wher&ahsportation mode is assumed to be
chosen by shippers (or receivers) for given, exogsrshipment sizes. Another example is
(20), where the authors estimated a disaggregate nufdelode choice using shipment
characteristics as explanatory variables, on ttsshaf the 1988 French shipment database
Enquéte Chargeurs

However, it was soon understood that shipmentdgpends as much on mode choice
as mode choice depends on shipment size. This waSrmed empirically using joint
estimation technique1). In this study, a switching regression model wasmated. The
shipment sizes conditional to each mode were gpddifs linear combinations of exogenous
parameters. Then, a latent variable, specifiedlasar combination of these parameters and
of the two conditional shipment sizes, was useglfite predict the transportation mode, on
the basis of its sign. A similar approach, yieldsigilar qualitative results, is presented in
(22). In (23), shipment size was modeled as a discrete variabléhat the discrete choice
modeling toolbox could be applied straightforwardliyhe interdependency of mode and
shipment size was confirmed again. All those apgiea led to the same empirical
conclusion. Nevertheless, they gave limited insa@htts underlying microeconomic drivers.

Theoretical models of optimal shipment size areertban a century old. They are
part of inventory theory. The first one is the E©@&conomic Order Quantity — mode4(
25). It was initially derived to provide the optimbatch size for a production chain, but it
applies straightforwardly to freight transport. Acding to this model (described in more
detail in the next section) the optimal shipmermesis the result of a trade-off between
transportation costs and inventory costs. It caexiended to take mode choice into account
as well, and even other variables. This is the @gogr chosen in the very important paper
(26), which derived a theoretical, disaggregate modél a combined decision on
transportation mode, shipment size, and safetynitovg at destination.

This paper was followed by a series of contribugjoof which we will mention a
small, significant sample. The influence of themhaf freight rates on choice of shipment
size and transportation mode was investigated#. (The model introduced i) was
simplified to represent the choice of shipment sind type of transportation operation by
road, between parcel, less-than-truckload and toackl shipments 28). A dynamic
inventory-theoretical model is derived and estirdate (29). However, the econometric
specification was only loosely based on the the&mktdevelopments from which it
purportedly derives. In30), the EOQ model formed the basis of a theoretmabel of
optimal ship size. A significant current goal ofearch in freight transportation modeling is
to build a fully-fledged freight transportation dend model with an explicit representation of
shipment size. Such an attempt is describe@1h Finally, the overall status of inventory
theory in freight transportation modeling is disse in 82, 33; 34).

Despite their theoretical appeal, these model@eak solid empirical validation. This
is mainly due to the absence of adequate dataeXample, to estimate the EOQ model, one
needs to observe shipment sizes as well as shippeiver commodity flow rates. While
there are databases where shipment size is awa#ahlch as the US or Swedish Commodity
Flow Surveys 35, 36), the commodity flow rate between shipper and iweteis
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overwhelmingly ignored. Some authors have been tabsecess relevant datasets, but these
are restricted to very small samples (no more tixanfirms). In such cases, estimating an
inventory-theoretical model may determine whethgasgticular logistical doctrine holds for
those firms, but this does not constitute evidetheg it is valid at an aggregate scade 37,

38). Experimental economics can partially address igsue, but not as satisfyingly as real
world data 89). Attempts to replace the shipper-receiver commyoitbw with proxies in a
large-scale spatialized model have encounteredcudliies @1). In consequence, no
functional spatialized freight transportation modekrently includes shipment size as an
endogenous variabld().

An adequate disaggregate shipment database isredqto assess the empirical
validity of the EOQ model. In particular, it shoutscribe not only the characteristics of
shipments, and of the way they are transportedalsotthe logistical contexts in which these
transportation operations take place. One datapesades such information: the French
shipper survey ECHOEnhquéte CHargeurs et Opérateurs de transpatiippers and
transport operators surveyd X 42). This is the database used in this paper.

3. THE ECONOMIC ORDER QUANTITY MODEL

The recent discussions on freight transportatiordetiog insist that supply and demand
should be clearly distinguished3 44). In this paper, we follow4(Q), where a shipment is
defined as a “quantity of freight that is made ke at a given time in order to be
transported during a single transportation opematitom a given shipper to a given
consignee”, and consider it is as the relevant oreasent unit with regard to the economics
of freight transportation.

The main elements of the Economic Order Quantityehade now briefly recalled.
Consider a firm sending a regular commodity flowcohstant rat&€, from a given location
to another by a given transportation mode. Freligirntsportation operations being discrete by
nature, commodities are carried in shipments. \Weirag that all the shipments are of the
same size, and that each shipment is dispatched as sodrees dre enough commodities at
the origin. Then, the average origin stock leved /2. It is the same at destination, provided
that the commodity is sold or consumed at theitaseproduced. The average total inventory
level is thers.

The shipper decides shipment size on the basidl afsacosts. This concerns the
freight rates paid to carriers, and the potenti&re needed to carry out the transport
operation, order costs, etc. These are assumednist of a fixed cosb independent of
shipment size, and a variable céSk proportional to shipment size. Over a time period,
Q/ s shipments are sent by the shipper. Then, thé figight rates per time period amount

to:

KQ +%b. Q)

The willingness of the shipper to pay for a reduwttin inventory is assumed
proportional to the inventory level and to the tirti@t elapses between the moment a
commodity unit is produced and the moment it islsap to a coefficiena. The travel time
is denoted by. The total inventory is on average equakteQt, so that the inventory cost
per time period isa(s+ Qt .)

The total logistical cost function, denoteddyis the sum of these two components:
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Qb

Q

<

g(s) =as+(at+K)Q+ 2)
The optimal shipment size is obtained by minimizithg convex cost function; it is
the unique root of its first derivative:

b

It depends only o, Q, andb, and has the familiar “square-root” shape:

g= | )
a

s* does not depend on costs that are proportionahipment size, such as the
pipeline inventory costdtQ) or the proportional component of the transpastattost K ).
However, the total logistical cost does dependuwsh<osts, and this has a direct effect and
substantial effect on mode choice.

This model can easily be estimated by linear regpes Indeed, by taking the
logarithm of both sides of Equation (4), we obtain:

g'(s) =a-

1 1 1
Ins*==InQ+=Inb-=Ina 5
> Q > > (5)

This equation is valid for each transport mode.eXplained in the next sectio)
and a are observed, an@/2)Inb will be estimated as a mode-specific comstRrom now
on the optimal shipment size will simply be dendbgds, instead ofs *

4. DATA PRESENTATION AND MODEL SPECIFICATION

The ECHO database describes 10,462 shipments sersiofme 3,000 shippers. These
shipments are of all natures, sizes, origins arsdirtiions (either the origin or destination is
in France). All transportation modes are representdeavy modes, where the relative
number of shipments is very low, were oversamplétbre are much less observations than
in other shipment databases, but each shipmergssribed with a large quantity of detail,
which regards: the shipping and receiving firmitthielationships; the shipment itself; the
transportation operation. In each of these categpviariables relating to economic, logistical
or transport-related factors are available.

The equation that will be estimated is closely irexp by Equation (5)Ins is the
dependent variable. Note that shipment size is umredsn both weight and in volume in the
ECHO database. The weight measurement is prefénreédis paper; mainly because the
volume measurement is much less accurate, inssfiria given in m, without decimals.
Summary statistics of andIns can be found in Table 1.

In Equation (5), the explanatory variables &ea andb. However, they are not
observed directly in the ECHO database. Let us examine how the variables available in
the ECHO database can be used instead. For thahg®jrvariables relating to transportation
demand and to transportation supply are addressedately.

4.1. Transport demand related variables
Strictly speaking, the rat® of the commodity flow between the shipper andréeiver is

not available in the ECHO database. The closestata variable is the total commodity
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flow denoted b¥),.,, without consideration of commodity type. Thisiahte is available for
81.5% of the observations. UsinQ,, instead of Q without care can lead to an

underestimation of the influence §fons.

Nevertheless, there is a possibility that this lonay be limited. Indeed, in the ECHO
survey, the shippers and receivers are identifiethe level of facilities, or premises, i.e.
physically well-defined components of firms. In #ath, if a given facility is the origin (or
destination) of a large number of distinct commpdéidws, it is probable that these flows are
being sent to (or coming from) distinct locatiofrs.any case, it is probable th@tandQ,,

often coincide, although no quantitative evidenaa be drawn from the ECHO survey to
support this statement. From now Qp, will be used as a proxy fQ.

The commodity value of tima is not directly available either. Fortunately, tis
case, there is a good candidate to replace it.ethdior 64.5 % of shipments, the market
value in euros (before tax) is specified. By conmmgnthis with the shipment weight, it is
possible to calculate the value density of thespnsénts. The value density is denoted by
a,., @nd is measured in euro per kilogram.

Using a,, instead ofa is a strong hypothesis. The commodity value ofetim

considered from the shipper’s perspective, is odytalosely related to the value density.
However, it is also expected to depend on manyrqihemeters, such as the commodity’s
depreciation, the opportunity cost of capital foe tshipper, the organization of the supply
chain between the shipper and the receiver, amhséAssume this can be represented by an
interest rate applied to the value of the commodityen, due to the logarithmic specification
of the model, this interest rate goes in the imptof the model, and its variations in the
residuals. Assuming this rate is not too strongigrelated with other exogenous variables in
the model, this should not introduce a bias in dnécome of the estimation. Within the

framework of this study, this assumption is made] a,, . is used as a proxy fa. The

summary statistics d@,.,, 8., INQ,, andIna,, are all shown in Table 1 (where Q1 and
Q3 refer to the first and third quartiles).

[TABLE 1]

4.2. Transport supply related variables

The vast quantity of variables relating to transgtoon operations can be classified into two
groups: technical variables, and freight rates.hhel variables describe the transportation
technique and the availability and compatibility ather techniques. For example, live

animals and chemicals cannot be carried in the $@maeof trucks or rail cars. The technical

variable used in the estimation is the main molat, is to say the mode of the longest leg in
the transportation operation (Table 2).

[TABLE 2]

Freight rates play a central role in the choicslipment size. They are available in
the ECHO database. However, the choice of shipns&reg actually depends on the
generalized transportation cost from the perspedafshippers. The relation between freight
rates and generalized transportation costs maytb&dm trivial. As a consequence, it has
been decided not to use freight related variabteshis study.. A simpler approach is
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preferred: on the assumption thatdoes not depend on origin-destination distancee(yi
that b represents such costs as maneuvering, loadingualwhding, and administrative
operations that have no clear link with distandée)s sufficient to consider it as a mode-
specific constant (note thét can be assumed to depend on other variables, asidhe
number of legs in the transport operation and sthérs is done in Section 6). Subsequently,
the following specification is estimated:

ln S= ﬂQ ln Qtot + IBaadens+ Zﬂmodexmode-'- u. (6)

mode

where u is the error term andX, .}
transportation mode used.

are dummy variables indicating the

mode

5.ESTIMATION OF THE EOQ MODEL
The model is estimated using ordinary least squesgeession. The results are given in Table
3. The coefficients are highly significant. T coefficient is close to 0.8. Additional
analyses of the residuals, available from the autimoin the appendices o#%), do not
invalidate the ordinary least square specificatiOmerall, specification (6) seems adequate.
The estimated model is:

Ins=050InQ,, — 044Ina,,,+ 105X, moncarer

+ 146X privatecarier + 3'42Xrail + 2'ngcombined (7)
+ 437X + 289X, + 147X,

B, is close to 0.5, ang, relatively close to -0.5, as predicted by the thedhe

basic EOQ model proves empirically effective in lakging the choice of shipment size by a
large and heterogeneous population of shippeexglains about 80% of the variance in the
shipment size for which the explanatory variables available (i.e. about 55% of the
observations). The high importance@f, as an explanatory variable of shipment size is als

confirmed. This tends to indicate th@f, is an important explanatory determinant of mode

choice in freight transport.

The absolute values of the mode-specific constantwide little information in
themselves. However, their rankings are interestihg average, the ranking of the mode-
specific constants should be the same as the shipnaependent component of generalized
transportation costb for each mode. Indeed, as shown in Table 3, tgbenithe mode
capacity, the larger the mode-specific constantotifirms the fact that the lower the unit
transportation cost, the larger the fixed per-st@ptrcost, and the hierarchy which goes from
waterway to rail, sea, combined transport, and ttead and air transport, is intuitively
correct. The apparently counter-intuitive gap b&mveommon carrier and private carrier is
explained in the next section.

waterway

[TABLE 3]

6. EXPLORATORY ESTIMATION OF AN EXTENDED EOQ MODEL

Other variables may be expected to influence shippreize. Some of them are available in
the ECHO database, and their influence can be sebdxy a small additional effort. In this
section, the respective roles of the following ables are assessed: the origin-destination
distance variabl@ , the number of agents physically or administrdyivatervening in the
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transportation operatioil the number of legs in the transportation openati, ., and

the organization of the transportation operatiOn(three possible organizations are
distinguished: “isolated shipment”, when the shipimie carried alone; “bundle”, when the

shipment is carried with other shipments; “partaofound”, when the vehicle delivering or

picking the shipment up reaches several distincations during the same movement). The
latter two variables, when available, only concdra part of the transportation operation
which has been carried out in the UE15 region. Sargrstatistics on these variables are
given in Table 4. Variabl® is summarized in Table 5.

interv

[TABLE 4]
[TABLE 5]

In order to keep the estimation as simple as plessand since there is no convincing
microeconomic model relating to these variables, a simple specification withant
interactions is estimated:

In S::BQ antot _ﬁa Inadens+ Zﬁmodexmode

mode

+ /Bd ln d + ﬁintervNinterv + IBtripsNtrips (8)
+ IBbundIeX l())undle + ﬁround x r?)und +u
whereX® equals 1 ifO =i, or otherwise 0; and is the error term. Note th&t ...,
the parameter corresponding to the case of isodtgunents, is set to zero by convention.
The model is once again estimated using ordinagtlsquare regression. The results

of the estimation are given in Table 6. A basiclgsia of the residuals, available from the
author or in (45), does not invalidate the ordinaast square hypotheses.

[TABLE 6]

All the coefficients are significant. Furthermoras confirmed by the analysis of
variance in Table 7, all the additional variableggicantly improve the model. However, it
remains true that the explanatory power of the rhedenes predominantly fronmQ,,

andna, i.e. the core of the EOQ model.
The estimated coefficients &fiQ,, andIna remain reasonably close to (although

not exactly the same as) the theoretical valueg Hikrarchy of the main transportation
modes does not change substantially. It may bedntitat the mode specific constants
associated with private carriers and common cariaee not significantly different contrary

to the previous model. The difference was due ¢onilimber of trips: the average number of
trips when the main transportation mode is privaeier is 1.02, whereas it is 2.12 when the
main transportation mode is common catrrier.

Let us now briefly interpret the results obtained the new variablesN, .., has the

expected positive effect: a larger number of agarrvening on the transportation chain
seems to imply a largén b, thus a larger shipment size.
What might be perceived as counter-intuitive is tlegative sign of,,. In fact, it

confirms the economic rationale of hub-and-spokassport networks: such networks are
especially designed to handle small shipments ieffity. As a consequence, the
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transshipment cost is smaller in a hub-and-spakesportation network than in more direct
transportation organizations. Note that this is imotontradiction with the assessment that
B.en 1S POSItive; these two variables are scarcelytedlgheir correlation is only 0.26).

[TABLE 7]

The influence of the transportation organizatiomalde O on the shipment size is
intuitive: shipments sent in bundles and in rowtegainly share some fixed transshipment
and handling costs, hence the negative signs, jn,. and 5,4 -

The positive influence ofnd on shipment size is perhaps the most difficolt t
understand. Normally, the distance should not erflte the shipment size (subject to the use
of a given mode). Here are three possible caudes.fifst is a frontier effect: shipments
arriving from or going abroad entail more admiratitre work, which positively influences
transportation cost per shipment. Second, unusédcleecapacity is more expensive to
carriers on longer distances. It is possible thaipugh the freight rates, and particularly
through surcharges and discounts, carriers indbg®gers to send bigger shipmen#)(
Third, it may arise from the structure of logistiwstworks: if large flows travel from plants
to regional distribution centers where they aretsi®cked for subsequent dispatch, there is a
sort of logistical disconnect between the two opena (shipments are not targeted to a given
retail center when they leave the plant, but onhewthey leave the regional distribution
center), which results in the observation that ergghipments move over longer distances.

7. CONCLUSION

In this paper, the Economic Order Quantity (EOQ) $hipment size choice in freight
transportation is estimated using the French disggge shipment database ECHO. After a
brief recap of the theoretical EOQ model, it isirmated using ordinary least squares. The
estimation performs correctly, as about 80% ofugance in the sample is explained by the
EOQ model. The theoretical model itself is cleayfirmed empirically.

From a microeconomic perspective, a number of emnmhs can be drawn. First,
inventory theory models, although (and perhaps umsathey have been designed to
optimize daily decision making for firms in wellfteed logistical contexts, also prove
valuable from the aggregate perspective of freigavel demand modeling. They offer
theoretical insights into the behavior of shippémnsaddition, it is reassuring to observe that a
very simple model performs well at the aggregatesof a large population of shippers
carrying all kinds of commaodities by all kinds oamsportation modes. The intuition 6]
was relevant.

Second, shipment size is clearly dependent ongoategion mode, and freight mode
choice depends on shipment size as well. This pgaqregs an additional confirmation to the
previous studies according to which shipment sikeice and freight mode choice are
simultaneous decisions.

Third, the significant role of a seemingly unimgont variable is highlighted in this
paper: the rate of the commodity flow to which #iepment belongs. It plays an important
role in determining shipment size and therefore tnoestainly also in determining mode
choice. If this is true (further research is neetbedonfirm this statement, but it is consistent
with the EOQ model, which fits very well in a modkoice framework) then — from the
perspective of freight transportation demand — @ip should not only be characterized by
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their value of time and commodity type, but alsaly rate of the commodity flows that they
send to receivers.

Fourth, the availability of adequate data is crudiais widely agreed that logistics
have a very powerful influence on freight transpartd need to be studied in detail. However,
to do this, data are required, particularly on lingistical contexts in which transportation
operations take place. Fortunately, the ECHO datbantains such information, in addition
to the characteristics of shipments themselves, thedrelated transportation operations,
which are described with a lot of useful detaicduld be improved so that variables, such as
the shipment volume, or the commodity flow betwedae shipper and the receiver
concerning a particular commaodity, be available.

This work offers many avenues for future reseaithe model used to explore
shipment size choice could be improved in many ways of the most straightforward
would be to account for the capacity constraintgedficles, or to examine more closely how
transportation prices, which are observed in theHd@Cdatabase, could be used in the
estimation. Another natural direction for reseanatuld be to design a freight mode choice
model, based on the EOQ model along the lines stggién provided in26) and @1). This
could lead to the development of a new type ofyfietransportation demand model, with an
explicit (although still partial) representationlofistics. Other decisions, such as the choice
of safety stock, could be introduced. This woulthérsignificant efforts of both theoretical
and empirical natures, as well as better surveys.
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TABLE 1 Basic EOQ continuous variables summary statistics

Variable  Min. Q1 Med. Mean Q3 Max NAs

s (1) 0.00 0.05 0.65 19.58 7.8 10,800 0
Qtor (ktly) 0.00 1.00 18.00 2.12 350.00 63,000 1,934
Adens (KE/) 0.00 1.07 456 59.37 20.00 10,400 3,715
Ins -6.91 -3.00 -0.43 -0.65 2.05 9 0
In Qtor -6.90 0.18 2.89 3.02 5.86 13 1,934
In adens -0.94 6.97 8.43 8.49 9.90 16 3,715
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TABLE 2 Main transportation mode summary statistics

M Number %
Private carrier 172717
Common carrier 664364
Ralil 224 2
Combined transport 133 1
Inland waterway 44 0
Sea 825 8
Air 859 8
NAs 2 0
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TABLE 3 Estimation of the EOQ model
Coefficients Estimate  Std. Error t-stat

Bo 0.50 001 7327 **
£ -0.44 0.01 -37.57 *
Beommon caier 1.05 0.11  9.47 ***
Berivate caier 1.46 0.11 12.87
Brai 3.42 0.18 19.30 ***
Beombined 2.09 0.20 10.31 **
Buaternay 4.37 0.33 13.05 ***
Beca 2.89 0.13 21.49 **
B 1.47 0.14 10.29
N 10,462
NAs 4,741
R 0.795
AdjustedR? 0.795

Significance levels: *." at 10%; *" at 5 %; “** &1%; ***' at 0.1 %
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TABLE 4 Extended EOQ continuous variables summary statistics

Variable Min. Q1 Med. Mean Q3 Max NAs
d (km) 1.00 74.00 278.00 1,253.00 611.00 18,840.00 8
Lnd 0.00 4.30 5.63 5.44 6.42 9.84 8
N ery 0.00 1.00 2.00 2.76 3.00 12.00 720
N 1.00 2.00 2.00 2.06 3.00 8.00 720

trips

20
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TABLE 5 Shipment organization summary statistics

0 Number %
Isolated shipment 7647 73
Part of a bundle 989 9
Part of a round 176717

NA's 59 1
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TABLE 6 Estimation of the extended EOQ model
Coefficients Estimate  Std. Error t-stat

Bo 0.44 001 6194 **
£ -0.43 0.01 -37.57 *=
Beommon caer 0.95 0.12  7.57 *
Berivate caier 0.97 0.13  7.26 **
Beai 2.78 0.19 1456 *
Beombined 1.60 0.23  7.04
Buaternay 3.91 0.38  10.42
Biea 1.59 0.19 8.57 *x*
B 0.34 0.18 1.85

B 0.21 0.01 14.60 ***
Biierv 0.16 0.02 8.92 xxk
Brips -0.40 0.02 -21.12 *
Biundte -0.62 0.07 -9.38 *
Bround -0.69 0.06 -12.18
N 10,462

NAs 5,134

R 0.827

AdjustedR? 0.827

Significance levels: *." at 10%; *" at 5 %; “** &1%; *** at 0.1 %
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TABLE 7 Analysisof variancein the extended EOQ model
Variable Df Sum Sq. Mean SgF-value

INQ,, 1 13,263.7 13,263.7 7452.8 ***
Ina,., 1 28,915.7 28,915.7 16,247.5 ***
M 7 1,563.8 223.4 125.5 ***
Ind 1 3457 3457 1943 *
Ninery 1 95.8 95.8 53.8 ***
N 1 788.6 788.6 443.1 ***

trips

O 2 372.3 372.3 104.6 ***
Residuals 5,314 9,457.3 1.8




