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Abstract

We present a new model for estimating the distribution of international freight
transport over transport modes that is directly applicable to aggregated data, allows
estimations and predictions also when some modes are infeasible on some routes,
and requires few processing time and memory space. It builds on the assumption
that demand for transport by a given mode is driven by trading firms'and consum-
ers' preferences about saving transport costs and time. In contrast to conventional
mode-choice models, it is linear and grounded on consumer demand theory. Apply-
ing the model to international freight transport as recorded in the latest upgrade

of UN Comtrade reveals an average cost elasticity of transport demand of —0.32

and an average time elasticity of —0.18. In addition, we find significant independent
mode-specific effects. Cost and time elasticities are highly dependent on the type

of commaodity transported. The cost elasticity ranges from zero to — 1.9 and the time
elasticity from zero to — 3.3 across commodity groups defined at the four-digit level
of the Harmonized System classification. These findings suggest that policy measures,
exogenous shocks or other events that change the relative transport costs and transit
times across modes can cause modal shifts—for some commaodities more than for oth-
ers—thereby mitigating the loss in welfare.

Keywords: Freight transport, International trade, Modal split, Consumer demand
theory, Linear models

Introduction

Background

In recent times, disruptions in the global freight transport system, caused for example
by the COVID-19 pandemic, the Evergiven accident, and the war in Ukraine, inflicted
strong repercussions on the world economy (UNCTAD 2021a, 2022). However, inter-
national freight transport has received relatively little attention in the literature during
the past decades, providing a slim evidence base for assessing the economic impact of
those shocks. Furthermore, international transport has been identified to be an impor-
tant source of global greenhouse gas emissions. Therefore national governments, the
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International Civil Aviation Organization and the International Maritime Organization
(IMO) are developing strategies to reduce carbon emissions from trucks, trains, air-
planes and ships (Barrowclough et al. 2021). In the light of these developments, there
is growing need for assessing the impact of frictions in global freight transport and the
effects of policy measures targeting decarbonization on the world economy.

External shocks and policy measures affecting transport are likely to induce changes in
the distribution of demand across modes. Shippers can save costs by substituting expen-
sive transport modes with less costly ones, thereby reducing the impact of that event on
trade cost. In 2022, several European countries built new liquified natural gas terminals
in ports to increase capacities to receive gas delivered by sea, in response to a drop of
gas supply through pipelines from Russia. Trains carrying cereals for export to Africa
left Ukraine through Europe—a transport route too expensive to be considered for that
journey in the past. A recent study (Lugovskyy et al. 2023) predicts a significant shift of
international freight transport towards the United States of America from maritime to
air in response to rising costs of maritime transport caused by greenhouse gas reduction
measures for ships currently under development by the IMO. Sometimes, policy meas-
ures are specifically targeted at promoting a shift of transport from more to less emis-
sion intensive modes (Kaack et al. 2018).

The possibility of behavioural adjustments to external shocks and policy measures as
described above needs to be considered in any exhaustive impact assessment model.
Transport costs and transport time are common intermittent variables in those models,
as they are, on the one side, directly impacted by external shocks and policy interven-
tions, and they shape shippers’ mode choice on the other. Value-of-time analyses are also
a common component in the evaluation of transport infrastructure projects and invest-
ments into new types of vehicles (Becker 1965; Binsuwadan et al. 2022). The aim of the
present study is to analyze in detail effects of these variables on the allocation of interna-
tional freight transport across modes.

Previous research

A broad and prolific literature analyzing model split in transport has emerged during
the last decades. Comprehensive and systematic overviews can be found, for instance,
in Nuzzolo et al. (2013), Beuthe et al. (2014), and Zlatoper and Austrian (1989). The
vast majority of studies focus on passenger transport, where the estimation of the mode
share has usually been treated as a discrete variable problem. Accordingly, empirical
transport models have often been specified as multinomial logit models, usually esti-
mated by means of maximum likelihood (McFadden 1974; Wen and Koppelmann 2001;
Halim et al. 2018). In light of an increasing availability of big data in transportation, non-
parametric approaches, including machine learning techniques, such as neural networks
(Celikoglu 2006; Bentz and Merunka 2000) and random forests, have also become wide-
spread (Wang et al. 2017, 2018; Lee et al. 2018).

Conventional discrete choice models are powerful tools for the estimation of
modal split when the underlying dataset consists of microdata on categorical vari-
ables recording the individual choices made by—or on behalf of—the individual
transported units among a constant set of available modes. This is usually the case for
example in passenger surveys. The usefulness of conventional discrete choice models
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is limited when the underlying dataset is comprised of aggregated data and includes
continuous variables. It is especially complicated when the set of available choices
varies across observation units.

Continuous variables occur for example in freight transport, where choices are usu-
ally made by shippers and logistics service providers, and these may choose to dis-
tribute transport of goods across several modes in specific proportions (ITF 2022).
Examples for aggregated datasets include UN Comtrade, a global database on inter-
national merchandise trade with a breakdown by transport mode, as well as datasets
obtained from aggregation of observations from automatic identification systems or
transport tracking systems. Aggregation of categorical variables over a sufficiently
large number of observations requires the use of continuous variables. These hide the
distribution of choices made by individual actors, so that the main strength of mul-
tinomial logit, “to deduce from the individual choice model properties of population
choice behaviour” or vice versa (McFadden 1974), cannot be leveraged.

The assumption of a constant set of available choices is violated for example when the
database records transport from different origins or to different destinations and not all
origins or destinations can be reached by all modes. The model presented in the paper is
suited for estimations in these types of data environments. This methodological advance-
ment will therefore enable efficient estimation of modal split in international trade data
and other large freight transport datasets, cases in which conventional multinomial logit
have reached their limits with regards to conceptual applicability, processing time and
use of memory space. A recent application case has been the construction of the Trade-
and-Transport Dataset, launched by UN Trade and Development and the World Bank in
May 2024 (UNCTAD and World Bank 2024). The model could also help develop further
the simulation of the modal split within the Global Trade Analysis Project.

In this study, we make use of macro-level data newly available in the UN Comtrade
database in which the value of bilateral trade, detailed by commodity group, is reported
gross and net of transport costs and broken down by the mode of transport. These data
are not recorded at transaction level but represent sums of transactions at the level of
countries and groups of commodities.

Friedlaender and Spady (1980) and, more recently, Hummels and Schaur (2013) pre-
sent models for the estimation of mode shares in freight transport based on aggregated
data. While Friedlaender and Spady treat transport as a factor of production, Hummels
and Schaur consider delivery time as a determinant of quality of the supplied good,
within an international trade model. Hummels’ and Schaur’s study has set a landmark
by providing a micro-foundation of an international trade model on the macro-level,
tracing revenue ratios observed at the level of countries to the underlying choice prob-
abilities of individual firms engaged in international trade within those countries. In the-
ory, the proportions in which firms with different characteristics are represented in the
importing country may have an impact on the modal split of imports, according to the
model. Yet, for the estimation, the aggregated nature of the data does not allow to lever-
age that effect. It is therefore treated as an unobservable component within the residual
in Hummels” and Schaur’s analysis.
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Approach and proceeding

In the present study, we approach the estimation of modal split from a different angle,
namely from the perspective of consumer demand analysis, treating bilateral trade as
exogenous. Common models of consumer demand analysis differ from discrete choice
models by treating population choice as the choice made by a representative consumer
with regard to a continuous variable (Deaton and Muellbauer 1980; Varian 2010), rather
than as the sum of discrete choices made by numerous actors. The resulting mod-
els are most often linear and can be estimated with least squares, a usually faster and
more resource efficient technique than maximum likelihood and the machine learning
techniques mentioned above, provided that certain conditions are met. Making slightly
simplifying assumptions of consumer demand analysis, namely continuous choice and
“exact aggregation” (Deaton and Muellbauer 1980), allows us to make predictions at the
aggregate level, irrespective of whether the individual actors’ mode choice is actually dis-
crete or continuous, and in the absence of any information on the intra-country distri-
bution of the determinants of those choices.

In this study, we focus on transport costs and transit time as the main determinants of
modal split, in addition to possible independent mode-specific effects, and we explore
the heterogeneity of the effects of these determinants across product groups. Transport
costs and time have been identified by previous research as the main factors influenc-
ing mode choice (ITF 2022). Firms engaged in trade aim to keep transport costs low, as
these add to the difference between purchaser prices and production costs. Transport
costs negatively impact the firms’ profit margin, to the extent that they are borne by the
supplier, and reduce consumers’ welfare, to the extent that they are passed through to
the consumer. Saving transit time can be an important factor for firms engaged in trade
to ensure cost-efficient production. Lengthy shipping times may impose inventory-hold-
ing and depreciation costs, lead to decay or technological obsolescence of traded goods,
and lower firms’ capabilities to rapidly adapt to changes in demand and supply (Hum-
mels and Schaur 2013; ITF 2022). Consumers often appreciate quick delivery and fresh-
ness of certain consumption goods, such as cut flowers or foodstuffs, while they assign
less importance of time for more durable goods such as cement, coal, and containerised
non-edible goods. Shippers are well advised to take these preferences into account in
their decisions on how to allocate the transport of internationally traded goods over dif-
ferent modes.

The contributions of this study to transport economics are both theoretical and practi-
cal. As regards its theoretical contributions, the study demonstrates how mode choice can
be treated as a demand problem and presents an econometric model that can be directly
applied to aggregated data, such as data on international merchandise trade; it is applicable
in situations in which different sets of mode choices are available in the different observed
cases; and it can be run in relatively short time on large amounts of data consuming few
memory space. As regards its practical contribution, the study provides fairly compre-
hensive insights about the determinants of modal split in international freight transport,
revealing in particular the costs of time from the market actors’ perspective, at a fairly
differentiated level of product disaggregation. This information can be useful for ship-
ping companies and carriers to plan their supplies, for ports, airports and railway network
agencies to take investment decisions, as well as for policy makers to assess the impact of
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regulatory measures—for example a levy on fossil fuel consumption—and of global devel-
opments—as for example the closure of canals due to draught, opening up of new transport
ways due to melting of arctic ice, unavailability of shipping routes due to military conflict—
on their external trade.

In this study, we treat the modal split as the outcome of a demand problem in which
shippers, in their efforts to match their customers’ preferences, try to allocate the trans-
port of given exports or imports over different modes, where we assume that the out-
come of this allocation reveals firms’ and consumers’ competing preferences concerning
low transport costs and short transit time. The remainder of this paper is organized
as follows. In the next section, we formulate this demand problem algebraically and
graphically. In Sect. "Data", we describe the data we use for the empirical analysis. In
Sect. "Estimation", we develop the econometric model. In Sect. "Estimation results", we

present the results. In Sect. "Conclusions”, we discuss these results and conclude.

Optimal allocation of international trade across transport modes
The designation of variables in this and the next sections is as follows:

C commodity group.
C total transport costs.
d destination country.
D dummy variable for the use of a specific mode.
D' differential dummy variable.
o origin country.
p ad-valorem transport costs.
p  natural logarithm of ad-valorem transport costs.
s mode share.
¢t ad-valorem transit time.
¢ natural logarithm of ad-valorem transit time.
T total transit time.
u utility.
y value of merchandise imports transported by a specific mode.
y" natural logarithm of the value of merchandise imports transported by a specific
mode.
value of merchandise imports.
total-imports elasticity of transport demand for a specific mode.

cost elasticity of transport demand for a specific mode.

mode-specific fixed effect of transport demand for a specific mode.

Y
a
B
y time elasticity of transport demand for a specific mode.
6
€ error term.

C)

set of feasible transport modes.

Our aim is to model the allocation of merchandise imports of value Y over the differ-

ent feasible modes, i € ®, so that

V=2 o 1)
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Our guiding assumption is that this allocation is driven by market actors’ preferences for
saving transport costs and delivery time, where we assume that shippers, in their efforts to
comply with the demands of their customers, maximize a utility function u(C,T), where C
designates transport costs and T designates total transit time, the sum of the hours which
all units of goods, each worth one dollar, remain on transport. We assume that this utility
function is differentiable and decreasing over C and T, with increasing marginal disutility:

du(C, T) 0 du(C, T) -0 32u(C, T) 0 3%u(C, T)

< 0, , <0, < 0. (2)
oC aT oC aT

This reflects our assumption that market actors value saving transport costs and time,
and that their incentive to do so increases with transport costs or transit time. We also
assume homothetic preferences, i.e. any proportional increase of transport costs and
time leads to a reduction of utility by the same factor:

u(C,T)

u(AC,\T) = — 3)

The shippers’ choice is optimized when they cannot achieve any gain in utility by shift-
ing transport from one mode to the other. That means, in the optimum, for each pair
of feasible modes for the transport of goods from a given origin to a given destination
country, the marginal utility with respect to trade allocated to these modes must be

equal,

ou(C, T)  ou(C,T)

4
0y 9y; @

The budget spent on transport in the two modes is given by
Cinj = piyi + pjyj» (5)

where p; and p; designate the ad-valorem transport costs in the respective modes. The

corresponding total transit time is given by
Tinj = tiyi + 4y (6)

where ¢; and ¢; designate ad-valorem transit time, the time it takes to transport a good
worth one dollar by the respective mode.
Applying formula (4), the optimum allocation of transport over the two modes can be

derived as follows:

du(C,T)9C  du(C,T)dT _ 9u(C,T)dC  9u(C,T) 9T
aC  ay; 0T dy, | aC oy aT  dy; @)

om(C, T)  ouwCT)  ulCT) BM(C,T)tl

ac Vi aT T ac U ar
9u(C,T)
T Pi —pj

u(C,T R
e
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Faster and
more costly
mode (x;)

Slower and cheaper mode (x))

Fig. 1 Allocation of transport between modes

The term on the left-hand side is the marginal rate of substitution between trans-
port costs and time. It is positive, as the first derivatives of the utility function with
respect to transport costs and transit time, recorded in the numerator and the
denominator, respectively, are negative. The term on the right-hand side represents
the value of time, more precisely, the relative price of the time saving when mode i
instead of mode j is chosen. It is positive whenever the faster mode is also the more
expensive one.

From Eq. (7), we can derive the optimal total transit time for the trade in modes i and
j as a function of the budget spent on transport in these modes at given ad-valorem
freight rates and ad-valorem transit times: Ti&j*(Ci&/*,pi,pj,ti,t]-). By inserting the cost con-
straint from Eq. (5) for Ci&; and the time constraint from Eq. (6) for Ti&j*—both need to
be met in the demand optimum—we can translate this function into an indirect relative
demand function for mode i, expressed with reference to mode j: yi*(y;, Py Dy by ). We
refer to this demand function as “indirect” because it expresses the demand for a given
mode not as a function of its price, but as a function of the ad-valorem freight rates and
ad-valorem transit times. We refer to it as relative, as it is expressed in relation to a ref-
erence mode, j. By summing up over all feasible modes i, keeping the reference mode j
fixed, and inverting the result, we obtain the Marshallian (indirect) demand function of
mode j:

ZiEG)J’i (yj:pirpjv tiv t]) = Y(yj7p11p2; PR t17 tZ; .. ) (8)

<:>J’] Zyj(erlrpZ;---rt11t21-~~)

Figures 1 and 2 show this optimization problem graphically. Let i denote the faster and
more expensive mode and j the slower and cheaper mode. The graph in Fig. 1 depicts the
three constraints that shippers face, formulated in the Eqgs. (1), (5) and (6). The blue diag-
onal line represents the possible allocations of a constant volume of transported goods,
of a total value of Y, over the modes i and j. The green, relatively flat, line represents the
possible allocations over the two modes achievable with constant overall transport costs
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Transport 4
costs (C)

Total transit time (T)

Fig. 2 Choice between transport costs and total transit time

(C). The yellow, relatively steep, line represents the allocations achievable with constant
total travel time (7). In the demand optimum, all three constraints are met for the cho-
sen combination of transport by the two modes, so the three lines need to intersect.

Figure 2 contrasts the achievable combinations of transport costs and total transit time
with the shippers’ preferences. The straight blue line is a possibility frontier depicting all
at minimum achievable combinations of transport costs and total travel time in which
the three constraints shown In Fig. 1 are met. Using Eqgs. (1), (5) and (6), we can establish
its functional form:

_ by =pl,, PiTPiL

C
tj — I tj — I (9)

It shows that the slope of that line is determined by the relative price of time saving,
introduced in Eq. (7) above. The green curve represents an indifference curve in line
with the utility function in (2). The farther left or down an indifference curve is located,
the higher the utility level it represents. If transit time increases, the market actors’ util-
ity will fall unless transport costs decrease. The compensation in transport costs needed
to keep utility constant, after an increase of transport time by one unit, is the greater the
higher transit time already is, due to the rising marginal disutility over transit time, and
the smaller the level of transport costs, due to the rising marginal disutility over trans-
port costs (see formula 2). The shape of the indifference curves is therefore concave.

Data

A recent upgrade of UN Comtrade (United Nations 2023), the main data source on
international trade worldwide, offers new opportunities for the measurement of interna-
tional freight transport. This upgrade has been made possible by a revision of the global
compilation standards for international merchandise trade statistics in 2012 (UNSD
2011) which have gradually been implemented by countries in their compilation systems
since then. For some countries, UN Comtrade Plus now records the value of imports in
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terms of both the free-on-board (FOB) value and the cost-insurance-and-freight (CIF)
value. While the free-on-board value is a fairly accurate representation of the market
value of the transported goods—designated by variable y above—the difference between
the CIF and the FOB value represents transport costs.

As another innovation, the value of imports, recorded CIF and FOB, is for some
countries broken down by the mode of transport by which imported goods entered the
importing country. This allows us to infer the proportions in which transport is realized
via different modes as well as the corresponding transport costs.

It should be noted that the CIF-FOB margin calculated from the UN Comtrade data
is a slightly different measure of transport costs than, for example, the shipping costs
incurred by traders for physically transporting the goods, used by (UNCTAD 2021b) as a
measure of the monetary component of the “total maritime logistic costs”. First, the CIEF-
FOB margin includes not only the direct costs for moving the goods, but also the costs
for their insurance against loss or damage. Second, conceptually, it is meant to measure
the purely international transport costs, excluding the transport from the origin to the
border of the exporting country and from the border of the importing country to the
final destination (UNSD 2011).

With regard to the breakdown by modes, we should be aware that, by observing the
mode by which transported goods entered the country, any change in mode during
the travel of the goods from the exporting to the importing country is not taken into
account. Goods may leave the exporting country by a different mode than the mode by
which they arrive in the importing country, as they may be transloaded from one mode
to the other on their way.

To obtain information on transport time, we combine the UN Comtrade Plus data
with a matrix that records the time () needed for the shipment of a unit of a good from
an exporting to an importing country on the optimal routes, depending on the chosen
mode. These data have been compiled using a global transport network model based on
a geographic information system (Halim et al. 2018).

At the time of our data extraction, for nine countries, data on imports in 2021 were
recorded in UN Comtrade with the required level of detail—joint availability of the
CIF and the FOB value and breakdown by mode—and for which transit times could
be compiled in the time distance matrix. These comprise: Australia, Bolivia, Brazil,
Czechia, the Dominican Republic, Ecuador, Serbia, Slovakia, and Tiirkiye. The data on
these countries’ imports are used for the estimation of the modal split in this study.
Commodities are classified based on the Harmonized System (HS) classification, revi-
sion 2017, where we focus on the disaggregation at the heading level (four-digit codes)
of HS. We limit our analysis to the imports that arrived in the reporting country by air,
sea, rail, and road, as only for those modes transit times could be generated in the time
distance matrix.

The constructed data set details imports from 128 origin countries, included in the
time distance matrix, to the nine destination countries listed above. In this way we
obtain data for 969 bilateral trade flows with their corresponding transport costs and
transit times, involving 1,220 different commodity groups. Splitting up the 969 bilateral
flows by the 1,220 commodity groups, we obtain 181,970 observations, for each of which
a specific allocation of transport across modes can be observed.
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In 111,726 cases, the entire trade took place by only one mode of transport: by air in
41,471 cases, by sea in 30,080 cases, by rail in 252 cases, and by road in 39,923 cases.
They could therefore not be used for the estimation of the modal split. We estimate our
model on the basis of the remaining 70,244 cases. In all except 177 cases, at least one
mode of transport remained unused, likely due to its infeasibility on the specific trade
link. For example, transport by rail or road is not possible for the delivery of goods to an
island state; and transport by sea is not possible for the delivery of goods to a landlocked
country. Non-validity of certain choices for a subset of observations usually imposes a
challenge for the estimation of a demand system.

Estimation

One of the oldest models to estimate a demand function of the type in Eq. (8) is the dou-
ble-logarithmic demand function, treated for the first time in systematic studies by Wold
and Jureen (1952) and Stone (1954) (Brown and Deaton 1972; Deaton and Muellbaur,
1980). It assumes constant price and expenditure elasticities and follows from optimiza-
tion of an additive and homothetic utility function (Sato 1972; Christensen et al. 1974).
Applied to the present case, it would be formulated as:

Yio,d = aYo,dpi,o,dﬁti,o,dyeai: (10)

where o designates the country of origin and d the destination country. /5 represents the
cost elasticity and y the time elasticity of transport demand. « is the total imports elas-
ticity. It can be seen as the counterpart to total expenditures or income in the analysis
of household demand. §; is a mode-specific effect that is independent of transport costs
and time, caused for example by technical constraints, different degrees of reliability
attached to specific modes, or shippers’ preferences independently of their efforts for
cost and time saving. All other variables in Eq. (10) have the same meaning as above.

Since the late 1960, double-logarithmic, also known as “constant elasticity”, demand
functions have become widespread in the estimation of import demand in interna-
tional trade models (Mrazova and Neary 2014; Walmsley and Minor 2020). They form
integral parts for example in the models of Armington (1969) and Dixit and Stiglitz
(1977). By contrast, in private household demand analysis, they have been less fre-
quently applied over time, mainly because the assumption of a constant income elas-
ticity, having its counterpart as & in Formula (10), does not conform to Engel’s law
according to which expenditure shares vary across welfare levels (Brown and Deaton
1972). In the present case, however, Y is not a reflection of a representative consumer’s
level of welfare, but rather of overall transport demand generated by the merchandise
trade between two countries, shaped by their size, their import demand and export
supply. Our model of modal split is aimed to be independent of the size of the involved
countries, the trade dependency and intensity of their trade relations. The constant
elasticity of total transport demand is therefore seen as a reasonable assumption rather
than a shortcoming for the present study. Among different functional forms tested on
our data, the double-logarithmic form in Formula (10) matched the empirical relation-
ships between the variables best. Its empirical validity is confirmed by the residuals
plots below.
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Another shortcoming of Stone’s double-logarithmic demand function has been seen
in its ignorance of the adding-up condition expressed in Formula 1 (Brown and Dea-
ton 1972). In the present case, adding up is complicated by the fact that in most trade
links not all modes are available. p; and ¢; are therefore not defined for all modes i
in all observation units. For example, if the importing country is an island state, ad-
valorem transport costs and transit times for rail and road are not defined; and if the
importing country is landlocked, transport by sea is not an available choice. Conse-
quently, the adding-up condition (1) cannot always be imposed on all existent modes,
but only among the set of the modes (@, ;) that are feasible for the realization of the
trade between country o to country d. Thus, the adding-up constraint from Eq. (1) is
specific to the pair of trading partners:

Youa =3 i 0, Yiod (11)

Estimating Eq. (10) as a demand system with one equation per mode, as it is com-
mon practice in consumer demand analysis, is therefore not an option.

Another particularity compared to conventional demand systems consists in the
fact that the elasticities 5 and y do not have the subscript i, as preferences for cost and
time saving are independent of the pair of modes between which a choice is made.
Dividing Eq. (10), which is defined for mode i, by the corresponding equation for an
alternative mode j observed on the same trade link, thereby eliminating the large vari-
ation in Y, ,; across trade links, we obtain:

Jiod <pi,o,d ) P (ti,o,d ) v LBZ (12)
Yjo.d Pjo,d tj,o,d e’

The calculation of the mode share of mode j based on the corresponding set of pair-

wise ratios in Eq. (12) is straightforward, once we know the set of feasible modes:

Yjod > ico, Yiod Viod
S/:O:d = = = E o Z . (13)
Zie@o,dyi,o,d yj,o,d VIECPY yj,u,d

Taking the logarithm on both sides of formula (12) leads to

In (y”o’d> = Bln <pl’o’d> + yln< l’o’d> +0; — ;. (14)
Yjo,d Pjod Liod

The term on the left is a log ratio, in binomial models also referred to as log odd. In

contrast to the mode share, or the logarithm of the FOB value, or the FOB value itself,
this number is unbounded from below and above and usually follows an approxi-
mately symmetric distribution, providing beneficial conditions for estimation with
least squares. The distribution of the log ratio in the present data is presented in
Fig. 3.

If n, ; designates the number of feasible modes in the transport from country o to
country d, we will find #n,,—1 linear independent pairwise ratios per pair of trading
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Frequency
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Fig. 3 Distribution of the log ratio of transport demand (FOB value) between modes

partners which we can use in the regression. The division by y;, ; in Eq. (12) has the
advantage that it cleans the estimation from trade-link specific fixed effects.

To estimate Eq. (14) with ordinary least squares (OLS), we define y’i’j = ln(%‘:),
pij=In (%) and t';; = ln(%) We also declare a set of dummy variables D, ; that are

1if k=i and zero otherwise. Adding the suffix ¢, to differentiate by commodity group,
and adding a, by assumption, normally distributed error term ¢, we arrive at the

econometric model:

y/i,/',o,d,c = ﬁp/i,i,o,d,c + v eijod + <Zk3ka,i,o,d,C) - (Zkakavf,o,d,C) t Eijode
(15)

which can be simplified to
Y ijode =B ijode+ Yt ijodc+ (Z 2 Ok (Driodec — Dk,j,o,d,c)) + €ijode  (16)

We finally declare a variable that measures the difference between two dummy variables
that refer to the same MoT:

D/k,i,j,o,d,c = Dk,t',o,d,c - Dk,j,o,d,c' (17)

This ‘differential dummy’ takes the value 1 if mode & is in the numerator, — 1 if mode k is
in the denominator, and zero otherwise. Note that the differential dummy of one mode is
linear dependent on all others, as it takes the inverse value of their sum. To see this, con-
sider that

Zka,i,o,d,c - Dk,j,o,d,c =0 (18)

— ZkD/k,i,j,o,d,c =0.
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Table 1 Pooled OLS regression of the log ratio of transport demand (FOB value) between
modes over determinant variables

Variable Coefficient/statistics

Intercept —2256 (0.049)

Ad-valorem transport —0320 (0.007)

costs (log ratio) A

Transit time (log ratio) —0.185 (0.014)
++4

Mode: air (differential —3.461 (0.046)

dummy) i

Mode: rail (differential 0.584 (0.048)

dummy) Hxx

Mode: road (differential 2.209 (0.049)

dummy) Frx

N 99,182

Degrees of freedom 99,176

R? 0.121

Standard errors in parentheses. ™ Significant at the 0.1 percent level, " Significant at the 1 percent level. " Significant at
the 10 percent level, *** Significantly negative at the 0.1 percent level, ** Significantly negative at the 1 percent level.
*Significantly negative at the 10 per cent level

One differential dummy will therefore drop out from the regression. Using formula (17)
in formula (16), we obtain the final econometric model:

/ / / /
Vijode = BP ijodc T Vtijodet (ZkakD k,i,j,o,d,c) + €ijodc (19)

Estimation results

Pooled estimation

Estimating the model in Eq. (19) with OLS, we obtain significantly negative effects of
transport costs and transit time on transport demand at the 0.1 percent level (see
Table 1). On average, an increase of ad-valorem transport costs in a mode by 1 percent
leads to a reduction of transport demand in that mode by 0.32 per cent, and a 1 percent
increase of transit time to a reduction of transport demand in that mode by 0.19 per
cent, keeping the volume of bilateral trade of the commodity constant. The ratio between
these two coefficients indicates the value of time. A one-percent increase of transit time
in a mode would need to be offset by a decrease of transport costs by 0.58 percent—the
ratio y/f in formula (18)—to keep transport demand in that mode unchanged, as trans-
port demand reacts to changes in transit time with a lower elasticity than to changes in
transport costs. In addition, our results reveal significant mode-specific effects on the
modal split that are independent of transport costs and time. These may be due to tech-
nical constraints, different degrees of reliability attached to specific modes, and other
factors influencing market actors’ preferences beyond considerations about transport
costs and time.

As Fig. 4 shows, the residuals are approximately normally distributed with zero mean
over the full range of the dependent variable. This supports our choice of the functional
form. By pooling all observations in one regression we obtain sufficient degrees of free-
dom for highly precise estimates of the average effects. For example, the standard errors
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-15

Fitted value
Fig. 4 Residuals-versus-fitted plot of the pooled regression

of transit time and ad-valorem transport costs amount to only 3 and 7 per cent of their
corresponding point estimators, respectively. That means, stochastically, the true value
of the transport cost elasticity lies between —0.334 and —0.306 and that of the time elas-
ticity between —0.212 and —0.158 with a probability of 95 percent.

However, a considerable proportion of variation in the dependent variable is not
explained by the pooled regression above, as the coefficient of determination (R?) of 0.12
indicates. Many other factors beyond transport costs, transit time and mode-specific
preferences may drive the allocation of transport over modes. The characteristics of the
transported goods presumably play an important role. Some goods are more practical
to be transported by a given mode than others, due to their technical circumstances.
Time may be a relevant factor for the demand for perishable goods, for goods subject to
sudden changes in demand and supply, such as medical equipment after the outbreak
of a disease, and for products in sectors with a dynamic technological development.
Transport costs may play a role mainly in the case of goods with high price-elasticity of
demand or goods with a low market value compared to their transport costs (Hummels
and Schaur 2013). This heterogeneity is not considered in the pooled estimation above.

Estimation by commodity group

To capture heterogeneity across commodity groups, we run the model in Eq. (19) indi-
vidually for each commodity group, focusing on the 828 out of 1,187 groups represented
with more than 20 observations in our dataset. The results are reported in Table 2 in
the Annex. The R? calculated from the actual and fitted values over all 828 regressions
reaches 0.383, indicating a much higher explanatory power of this model than with the
pooled regression model above. In 86 group-wise regressions, we obtain an R? higher
than 0.5. As expected, the confidence level of the individual coefficients is usually lower
than in the pooled regression above, due to the smaller number of degrees of freedom
per regression.
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< T-test results (99% conf. level):

Cost elasticity > 0
Time elasticity > 0
Cost and time elasticity > 0
Cost elasticity < 0
Time elasticity < 0
¢ Cost and time elasticity < 0

Transit time

2 -1 0 1 2
Transport costs

Fig. 5 Estimated elasticities of ad-valorem transport costs and transit time, by commodity group

We find a considerable variation of the coefficients across commodity groups. For
almost one fourth (191 out of 828) of the analyzed commodity groups, the regressions
reveal a negative effect of relative ad-valorem transport costs on mode-specific transport
demand, at the 1-percent significance level (see Fig. 5). For 9 percent (71 out of 828) of
the groups, a significantly negative effect has been found for transit time. Occurrences of
significantly positive effects, which counteract with the theory outlined above, are rare,
accounting for only 0.8 percent of the cases for the transport costs effect and 1.6 percent
of the cases for the time effect, thus similar to the expected error margins of the applied
t-test. While the estimator of the time elasticity is spread over a range down to— 3.3, the
variation of the estimated cost elasticity is smaller and remains in a range down to—1.9.
Future research may use these elasticities reported in Annex 2 to obtain further inside
into the relation between commodity characteristics and the prioritization of costs and

time saving in their transport.

Conclusions

We have presented a linear model for the estimation of modal split in international
freight transport that is derived from consumer demand analysis, thereby allowing for
transport to be distributed over several modes and avoiding the complex aggregation
from individual to collective choice. Even if the individual shipper may not be able to
split up transport across modes, their behaviour as a group may result in such split. This
collective outcome is represented by the transport demand function established above.
The model has the practical advantage that it can be estimated with OLS, a relatively effi-
cient method with regard to the use of processing time and IT resources.

The key determinants of the model are the firms’ and consumers’ preferences for
saving transport costs and transit time which shippers take into account in their mode
choice. Transport costs and transit time are key variables in impact assessment stud-
ies and main drivers of mode choice, as previous studies have shown. Applying our
model to novel UN Comtrade data, we find significantly negative effects of relative
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transport costs and relative transit time on transport demand, while mode-specific
effects, independent from transport costs and time, also play an important role. On
average, a one-percent increase in transport costs leads to a decrease of transport
demand in that mode by one third of a percent, keeping the volume of bilateral trade
in the given commodity constant. The effect of a one-percent increase in transit time
is about half as strong. The estimated effects are therefore less than proportional.
For comparison, Lugovskyy et al. (2023) obtain a much higher cost elasticity of the
transport of imports to the United States of America by air and sea, amounting to
—7.3 and —10.3, depending on the regression method. In their study in contrast to
the present, possible effects on the volume of bilateral trade and substitution across
commodity groups are included. Intuitively, a more than proportional response of
transport demand to changes in transport costs, as their results suggests, seems dif-
ficult to believe.

Our study also shows that the type of traded commodity is an important determinant
of the modal split. The commodity-specific transport costs elasticities vary within a
range between zero and — 2, and commodity-specific transit time elasticities in a range
between zero and — 4. Taking that heterogeneity into account raises the proportion of
the variance explained by the model from 0.12 to 0.38. The cost- and time elasticities
estimated for 828 commodity groups, reported in Table 2, may provide a ground for
further research about the value of time in different product markets.

Interpreting the results above, we should consider that they have been obtained from
a sample of only nine reporting countries. Although these include developing and
developed countries from different continents, they may not be representative for the
whole world. We should also be aware that transport costs reflect only the international
component of freight transport, and that changes in mode during the shipment could
not be taken into account. Although the data coverage in the UN Comtrade database
with regard to mode of transport is steadily increasing, supported by targeted techni-
cal assistance provided by international organizations (see for example Saucedo Davila
et al. 2023), further research is needed to deal with missing data caused by countries’
non-reporting, the cleaning of the data on international transport from potential com-
ponents of domestic transport falsely included in them, as well as the adjustment for
intermodal transshipment. Research on the missing data problem may benefit from
approaches developed in Survey Statistics to deal with non-response. Cleaning of inter-
national transport data from domestic transport and the adjustment for intermodal
transshipment may benefit from the use of global transport network models, for exam-
ple built from geographic information systems and automatic identification systems,
as these may provide the needed details about the exact routes the goods were actually
shipped. Despite the limitations above, the results of this study provide strong evidence
that modal split should not be neglected in any impact assessment of policy measures
or external shocks affecting the international freight transport sector, at least in the long
run. If one mode gets more expensive or slower, shippers will to some extent shift trans-
port from that mode to other feasible modes, in order to mitigate the welfare loss for

their customers.
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Abbreviations

CIF Cost, insurance, freight
FOB  Free on board

HS Harmonized System
OLS  Ordinary least squares
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csf=1&web=1&e=0uKzxE. Access can be provided by the corresponding author on reasonable request.
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