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Abstract:

This paper proposes an assessment of the links between freight trip generation (FTG) rates and accessibility. First, the
paper overviews the background, sets the context and motivates the research. Second, it presents the proposed
methodology, which combines an FTG model, two accessibility indicators and a linear regression analysis to assess the
relationships between freight trip demand and a set of socio-demographic variables including accessibility. The FTG
modelling framework, adapted from previous works, allows estimating the number of freight trips with a small amount of
standard data, even when no surveyed data is available. The two gravity accessibility indexes, one potential and one
exponential, are defined in the continuity of recent freight accessibility works. To those indicators, a set of socio-
demographic variables, including population, area or a zone (or density), are introduced. The relationships between FTG
and all those variables are assessed via standard linear regression methods completed by the verification of the
corresponding linear relationship hypotheses. Third, the framework is applied to the urban area of Lyon (France), where
no urban goods survey data is available. Results show that potential accessibility seems to have a better correlation to
FTG and could be a good decision support indicator when combined with the population as an explanatory variable. The
population can be added to accessibility as an explanatory variable, the resulting models with two variables have a slightly
lower accuracy but remains close to that of models with only accessibility as an explanatory variable. This work remains
exploratory and finishes by proposing practical implications and further development lines.
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1. Introduction

Freight demand modelling is one of the main issues
of urban logistics (Comi et al., 2012). Indeed, the es-
timation of freight trips related to each establishment
of an urban zone is crucial for making diagnoses or
for supporting decision-making methods that need
this demand to optimize transport supply (Comi et
al, 2018; Moufad and Jawab, 2019). This is done, in
general, by using integrated freight models that al-
low to estimate freight trip and/or commodity
origin-destination (O/D) matrices, as well as trav-
elled distances and travel/stop times, among others.
In this context, we observe in the literature a plethora
of approaches that lead to different authors to pro-
duce various attempts of classification and typology
frameworks (Comi et al., 2012; Anand et al., 2015;
Gonzalez-Feliu, 2019), each having its own speci-
ficities but all works coinciding on the non-existence
of a unified or standard framework.

Nevertheless, most urban freight transport demand
models approaches have one common point: they
need a generation phase (Gonzalez-Feliu, 2019).
That generation phase is essential in the modelling
process since it defines the flow quantities and char-
acteristics, compared to the remaining phases that
are mainly related to their segmentation and spatial
distribution (Ortuzar and Willumsen, 2001). There-
fore, this paper’s main focus is on this generation
phase.

Furthermore, urban transport planning and engineer-
ing issues remain mainly related to personal mobil-
ity, relying, among others, on analyses of accessibil-
ity, for which various indicators and assessment
frameworks are nowadays available (van Wee,
2016). Those frameworks allow to relate the facility
to access to destinations from an origin to personal
trips, estimated either via surveys or specific passen-
ger transport models (Ortuzar and Willumsen,
2001). Although the joint use of accessibility indica-
tors and transport models is common in personal
mobility issues, this is not the case in urban goods
transport, a field in which accessibility is less used
(van Wee, 2016) and does seldom rely on freight
transport flow estimation (Gonzalez-Feliu, 2019).
On another hand, the need of integrating freight and
passenger trips is shown in various key fields of en-
gineering, such as traffic modelling and simulation,
land-use analysis and engineering, industrial and
commercial zone development, infrastructure plan-
ning, building construction or logistics strategic

planning, among others. Indeed, relating Freight
Trip Generation (FTG) to accessibility appears,
analogously than what it is seen in personal mobil-
ity, can support the integration of passenger and
freight flows in global analyses of urban mobility
and define systemic assessment methods that con-
sider those flows and their interactions. Neverthe-
less, to the best of our knowledge, the analysis of the
links between freight accessibility and freight trip
generation remain underexplored. Thus, this paper
also aims to examine this relationship, and more pre-
cisely the potential of representing FTG with a func-
tion of accessibility. First, the proposed methodol-
ogy is presented, which includes a generation phase,
an accessibility estimation stage and a linear regres-
sion analysis. Second, and to illustrate the method-
ology, an example of an application in Lyon
(France) is proposed. The assessment results are pre-
sented and discussed. Finally, and as a conclusion,
the paper addresses the main research and practice
implications of the proposed framework.

2. Literature review

Freight demand modelling is one of the main issues
of urban logistics, as shown by a plethora of works
dealing to estimate urban goods flows (Comi et al.,
2012; Anand et al., 2015; Gonzalez-Feliu, 2019).
Despite that amount and variety of approaches, most
models start by a generation phase (Gonzalez-Feliu,
2019), i.e. a phase where flows are estimated, either
at the origin, at the destination, or at both, as on clas-
sical 4-step models of personal mobility (Ortuzar
and Willumsen, 2001). Only origin-destination syn-
thesis models define directly O/D matrices without
passing through a classical generation phase
(Sanchez-Diaz et al., 2015), but those approaches
are only used in cases where almost only traffic
counts are available as data for modelling, and the
O/D synthesis methodology has several common as-
pects with generation.

For those reasons, this paper focuses on generation
models. Although the approaches and units can be
different, all of them relate to one of the two follow-
ing elementary variables: the vehicle stop (which is
the destination of a trip and the origin of another
one) or a commodity quantity being delivered or
picked up (expressed in weight, volume, surface or
cost). Indeed, although we observe five modelling
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units related to urban goods transport!, at an elemen-
tary stage, all models are related either to the vehicle
stop (trips, deliveries, routes then decomposed in
trips and or stops, etc.) or to the quantity of the com-
modity to deliver (Gonzalez-Feliu and Sanchez-
Diaz, 2019). Two main categories of models are then
related to those units: Freight Trip Generation (FTG)
in the first case, Freight Generation (FG) in the sec-
ond (Holguin-Veras et al., 2011). Concerning the
methodological frameworks, categorical freight trip
generation (FTG) (Bastida and Holguin-Veras,
2009) remains nowadays as the dominating type of
generation models, and has been applied to different
cities and by different research teams (Bastida and
Holguin-Veras., 2009; Sanchez-Diaz et al., 2016;
Gonzélez-Calderén et al., 2018; Holguin-Veras et
al., 2018; Gonzalez-Feliu and Sanchez-Diaz, 2019).
That generation modelling type is based on the def-
inition and use of categories; for each of them, a gen-
eration logic is identified and modelled. Categorical
FTG (Holguin-Veras et al., 2011) can be mainly
done via constant generation or functional form ap-
proaches (Gonzalez-Feliu and Sanchez-Diaz, 2019).
Constant generation assigns a constant number of
freight trips to each category (Ahrens et al., 1977; Le
Nir and Routhier, 1995, Gonzalez-Calderén et al.,
2018). Functional form modelling proposes differ-
ent generation patterns, constant, linear or non-lin-
ear, as a function of the category (Holguin-Veras et
al., 2011, 2013; Sanchez-Diaz et al., 2016; Casper-
sen, 2018; Gonzalez-Feliu and Sanchez-Diaz,
2019). In such models, the identification of the most
suitable functional form (i.e. the formalization of the
relationship between the explained variable and the
potential explanatory ones) is more important than
the data granularity choice when defining categori-
cal FTG models, but depends strongly on the data
quality and availability. For those reasons, func-
tional form models have nowadays become the dom-
inating approach for FTG (Holguin-Veras et al.,
2018).

As said in the introduction, in personal mobility en-
gineering and planning, trip generation is often as-
sociated with other indicators like accessibility
(Geurs and van Wee, 2004). Indeed, those indicators
are usually applied in transport and land use plan-

ning and many authors have studied the relation-
ships between personal trip generation and accessi-
bility (Hanson and Schwab, 1987; Boarnet and
Crane, 2001; Geurs and van Wee, 2004; van Wee,
2016). Accessibility is then a useful tool not only in
land-use planning and urban engineering, for exam-
ple in real estate and urban construction planning (to
define priority zones for residential or commercial
building construction), in retailing development and
in civil engineering (for infrastructure and parking
needs), but also in transportation engineering
(mainly for public/private passenger transport plan-
ning and management). However, and according to
van Wee (2016), freight accessibility constitutes a
real need for practitioners and starts to be considered
in research. For example, the development of deci-
sion support methods (Crainic et al., 2010; Galkin,
2017, Comi et al, 2018) can rely on such indicator.
We find also some works of socio-economic nature
using freight accessibility, in different forms, as a
measure (Giuliano et al., 2016).

If we consider both the form and use of the indica-
tors, we can divide such works into two main cate-
gories. The first includes works dealing with freight
accessibility that assess the suitability of potential
terminal locations or the development of infrastruc-
tures. In those works, accessibility takes mainly the
form of traffic congestion indicators (Yachiyo Engi-
neering Co. LTD and Pacific Consultants Interna-
tional, 2005; Chiabaut et al., 2016), distance acces-
sibilities (Thomas et al., 2003; Rodrigue, 2004;
Bowen et al., 2008) or time/cost indicators (Kota-
vaara et al., 2017; Ibarra-Rojas et al., 2018). The sec-
ond group of works defines exponential gravity-
based indicators in order to analyze the suitability of
location and distribution systems, mainly related to
retailing (Crainic et al., 2010; Gonzalez-Feliu, 2019)
or for the analysis of socio-economic characteristics
of production, logistics or retailing zones (Helling,
1998; Giuliano et al., 2010, 2016; van den Heuvel et
al., 2014; Gonzalez-Feliu and Peris-Pla, 2017).

In all these works, accessibility indicators, related to
zones, are mainly used to analyze the suitability of
defining infrastructures, land-use policies or logis-
tics systems, but, to the best of our knowledge, the
relationship between freight transport demand and
accessibility remains to be explored. However, in

! According to Gonzalez-Feliu (2019): the vehicle, the trip, the commodity quantity, the shipment, and the pickup and/or

delivery operation.
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personal mobility planning and urban engineering,
those relationships are essential to deploy pertinent
solutions and methods. Moreover, in personal mo-
bility, where surveys are available, accessibility can
be related directly to surveyed flows. However, in
freight transport, there is a small number of surveys
and a high difficulty of collecting suitable data (Hol-
guin-Veras and Jaller, 2014; Gonzalez-Feliu, 2019).
For those reasons, an analysis relating accessibility
to estimates of FTG can be a valid alternative. A first
work has been done in Gonzalez-Feliu and Peris-Pla
(2017) relating FTG and STG (Shopping Trip Gen-
eration) of only retailing activities to a retailing at-
tractiveness indication (i.e. a reciprocal measure to
accessibility). That work raised also the issue of
FTG data aggregation. Indeed, FTG 1is generally
made at an establishment level, and few works relate
FTG to the characteristics of urban zones. Indeed, to
the best of our knowledge, Lawson et al. (2012) use
land classifications for an FTG zonal model.
Sanchez-Diaz et al. (2012) made a first attempt of
comparing individual generation models with zonal
models (those of Lawson et al., 2012), and Gonza-
lez-Feliu and Peris-Pla (2017) proposed a first gen-
eralization of FTG from individual to zonal genera-
tion but only for retail activities.

3. Methodology

The basic idea behind the proposed methodology is
that it would be possible to estimate a relationship
between FTG and accessibility in any city, using
standard data and without having extended survey
data to estimate freight trips. Such a methodology
would be valuable since not all territories have the
necessary funds to carry out extensive surveys (Hol-
guin-Veras and Jaller, 2014). To accomplish this, the
proposed methodology is structured in three phases.
The first phase is that of FTG estimation. To do this,
a FTG model based on the framework of Sanchez-
Diaz and Gonzalez-Feliu (2019) is deployed. The
second phase is that of gravity accessibility indicator
estimation. In the proposed framework, two accessi-
bility indexes are estimated: a potential and an expo-
nential indicators. Finally, the third phase is the as-
sessment of the relationships between FTG and ac-
cessibility using a linear regression assessment and
the analysis of the results issued from this assess-
ment.

The methodology can be summarized in the follow-

ing steps:

1) Estimation of FTG rates: Individual FTG rates
at the establishment level and aggregation of in-
dividual FTG rates at the zone level.

2) Estimation of accessibility (at zone level).

3) Assessment of the relations between FTG and
accessibility.

3.1. Estimation of FTG rates

The estimation of FTG rates is a well-studied field
in literature. Most authors state that the determinants
and generation patterns in FTG are directly related
to the nature and the intensity of each activity in a
given zone (Watson, 1975; Ogden, 1992; Eriksson,
1997; D’Este, 2000; Holguin-Veras et al., 2011;
Alho and de Abreu e Silva, 2014; Oliveira and Pe-
reira, 2014; Sanchez-Diaz, 2016; Gonzalez-Feliu,
2019). In other words, to estimate the number of
freight trips in a zone, it is necessary to identify the
economic activities in that zone and generate those
trips for each activity (Gonzalez-Feliu, 2019). The
main difficulties in estimating FTG are in general
those related to data availability (Holguin-Veras and
Jaller, 2014). Since for a detailed estimation the
monetary efforts needed are high, only a few cities
have deployed detailed surveys, and they are not pe-
riodic, except commercial transport surveys in Ger-
many that partially capture information on freight
trips (Gonzalez-Feliu, 2019). For this reason, mod-
elling can be a valid alternative. Moreover, since the
aim of this exploratory paper is to examine the rela-
tionships between FTG and accessibility to make
suitable estimations of FTG with standard data ag-
gregated at zonal level, using a model can give per-
tinent estimations to feed those analyses.

Since the analyses will be carried out in French cities
and in that context various models and methods is-
sued from the same databases are found, we propose
to adapt an existing model to generate FTG trips. In-
deed, several authors stated on the pertinence and
transferability of FTG models based on French sur-
veys (Aubert and Routhier, 1999; Ambrosini et al.,
2008, 2013; Dablanc and Routhier, 2009; CERTU,
2013; Gardrat, 2013; Guerrero et al., 2014; Sanchez-
Diaz and Gonzalez-Feliu, 2019). Moreover, the
analyses in this paper will focus on the relations be-
tween FTG and accessibility at zonal levels and not
on the generation patterns of FTG. Finally, the mod-
els proposed by Sanchez-Diaz and Gonzalez-Feliu
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(2019) are issued from a unified categorical func-
tional form framework (such as on Holguin-Veras et
al., 2013) have been compared to that basic frame-
work to assess freight trip issues among metropoli-
tan and middle-sized cities (Holguin-Veras et al.,
2018). For those reasons, we will then deploy an
FTG model issued from the results of Sanchez-Diaz
and Gonzalez-Feliu, 2019). More precisely, we pro-
pose to build a model from those results, but consid-
ering a new categorization which is a combination
of the aggregation levels proposed in Sanchez-Diaz
and Gonzalez-Feliu (2019). The model is then dif-
ferent from those proposed initially by the authors
since it re-combines categories to propose a more
relevant and accurate model. More precisely, the
proposed model considers 23 categories grouped in
seven macro-categories (as shown in Table 1). Five
of them follow a constant generation (i.e. each es-
tablishment of those categories generates the same
amount of trips), three follow a pure proportional re-
lation to the number of employees (of type y=a.x)
and the remaining 15 categories a linear relation
with a constant (of type y=a.x+b), always with re-
spect to the number of employees. Detailed results

on how the functional form of each category is ob-
tained and on the suitability of aggregating and dis-
aggregating data are found in Sanchez-Diaz and
Gonzalez-Feliu (2019). We present here a model re-
sulting in a different aggregation of data and results
proposed by those authors, based on the most suita-
ble individual FTG estimations. To choose the more
suitable category aggregation, we have examined
RMSE for each category, and eventually merged
those that resulted on a lower RMSE when merged.
At a zonal level, we can estimate the FTG rates by
aggregation of individual rates, i.e. on trips gener-
ated by each establishment. In other words, given a
zone 7, the number of freight trips generated by the
zone can be estimated as follows:

T‘:Z 2. ()

where V¥ is the set of establishments of category k
in zone i and Ti’; the number of freight trips of estab-
lishment ; belonging to set V¥

Table 1. Summary of the parameters of the considered model (adapted from Sanchez-Diaz and Gonzalez-

Feliu, 2019)
Macro-category Category | Name Constant Employment RMSE
1 1.1 Agriculture 2,8 0,21 3,95
2 2.1 Craftsmen 3,19 1,01 9,66
2.2 Offices 3,57 0,02 7,8
2.3 Tertiary (non-offices) and services 4,63 - 14,68
3 3.1 Chemical industry 23,88 0,15 30,32
3.2 Construction industry 6,57 0,21 20,5
33 Primary and intermediate products 6,52 0,25 15,09
34 Food and non-fragile consumer goods 8,68 0,23 23,68
4 4.1 Wholesale 18,74 0,68 88,28
5 5.1 Department stores - 0,54 44,47
6 6.1 Clothing, shoes, leather 2,01 0,17 2,19
6.2 Butcher's shops 3,55 1,18 5,85
6.3 Small groceries 4,34 1,02 8,03
6.4 Bakery retailers 7,31 - 7,37
6.5 Hotels, restaurants, cafés 2,63 0,61 7,14
6.6 Pharmacies 15,94 1,94 14,71
6.7 Hardware stores 2,1 0,87 3,69
6.8 Furnishing shops 6,11 0,1 8,51
6.9 Bookshops 10,25 - 7,03
6.10 Street trading (marketplaces) 5,77 - 21,01
6.11 Other retail shops - 0,96 7,52
7 7.1 Only Transport 10,76 - 35,55
7.2 Transport and warehousing - 0,04 33,2
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3.2. Accessibility indicators

The gravity accessibility indicators taken into ac-
count here are derived from that of Hansen (1959).
In personal transport, the opportunities are in general
set up to the number of employees in the zone of
destination (overall for work accessibility, retailing-
based for shopping accessibility and tertiary/service-
based for accessibility to services, etc.). Some au-
thors define the opportunities as the quantity of
freight generated by the zone of the destination
(Crainic et al., 2010). However, the aim of this re-
search is to relate a generated value (freight trips)
and an indicator of accessibility (which is in general
estimated with censorial data), so it seems more suit-
able to not deploy a Freight Generation (FG) model
for the accessibility index estimation.

Furthermore, FG and FTG rates have a relationship,
even if it is not causal, so estimating FG on an indi-
cator of accessibility will lead to non-independence
between FTG and this index. Thus, taking this into
account, we define the following potential accessi-
bility index,

n
AP =" Emp;. ;. 1000 @
j=1

where:

Empj is the employment in the zone of the destina-
tion.

dij is the Euclidean distance between those two
zones. Indeed, in most works dealing with freight
transport, transport cost is assimilated to distances.
o is a parameter set to 0.98, according to Gonzalez-
Feliu’s (2019) considerations.

A variant of the potential accessibility is that of the
exponential accessibility, defined for urban goods
transport as follows:

n
AE = Z Emp;.e~F4ii.1000 3)
=

where:

Empj is the employment in the zone of destination.
dij is the Euclidean distance between those two
zones.

p is a parameter, set to 0.18, according to Gonzalez-
Feliu’s (2019) considerations.

Parameters are set by defining those indicators based
on shopping trips (which are urban goods transports
of a different category) to get a pertinent indicator
linking inbound and outbound flows related to retail-
ers. In both cases, a scaling factor of 1000 is applied
to make it easier for reading and understanding of
accessibility indexes.

3.3. Assessment of the relations between FTG
and accessibility

To assess the suitability of both accessibility indexes
in predicting FTG, we propose first a descriptive sta-
tistics” analysis of both accessibility indicators (in
terms of dispersion and symmetry), then we estimate
both relationships using linear regression. However,
since other variables can be considered, we will re-
late the trip generation to a set of variables following
a general trip generation rates relationship of type:

— 40 dem y dem soc y Soc
Ti=a"+a 'Xl_l_a;_cc(_lxidc)gl )
where X; %™ | X;5°¢ and X;%° are the sets of demo-
graphic, socio-economic and accessibility variables
respectively that characterize zone i; a%¢™ , a5°¢ and
a’c the sets of constant parameters associated to
corresponding variables; and a® is a constant coeffi-
cient. To assess these relationships, we will carry out
linear regression analyses, to test the independence
of the considered variables but also to ensure that the
main hypotheses behind linear regression are valid.
Linear regression validity is subject to the verifica-
tion of several hypotheses: mainly non-collinearity
among explanatory variables, independence and ex-
ogeneity of error terms, homoscedasticity and nor-
mality of error terms (Wonnacott and Wonnacott,
2001). The normality of errors is not fundamental
for ensuring the validity of the linear regression, but
since the number of individuals (here the number of
zones for the analysis of accessibility, see next sec-
tion) used for the regression is higher than 35, we
can assume it (Wonnacott and Wonnacott, 2001).
Considering that those analyses remain standard and
known, we will present them in detail in the follow-
ing section, after defining the data used to carry out
the analyses and the main variables considered.

4. Results
We present here the results of the linear regression
analyses. We apply the proposed framework to the
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French city of Lyon and its conurbation. The urban Table 2. Pearson coefficient of each explanatory
area considered in the analysis has about 2 million variable with respect to FTG
inhabitants, about 122 000 economic activities (i.e. Variable 1 |Variable 2 Pearson
establishments) and a little less than 830 000 em- . _ coefficient
ployees. We present here an aggregation and the  [FTGrates |Potential accessibility 0.73
consequent analysis by zone. Indeed, the gravity ac- FTG rates EXPon?;{tl{al 0.66
cessibility being necessarily related to distance, a accessotlity
O . FTG rates |Surface -0.11

zonal aggregation is indispensable to produce perti- -

. . . . . FTG rates |Population 0.35
nent indexes. Euclidean distances are estimated via -
. lati faF h dard ine file (IRIS FTG rates |DistCen -0.36
interpolation of a French standard zoning file ( ) FTG rates |Employment 0.90
based on 83 zones (Gonzalez-Feliu, 2019). Finally,

; FTG Number of 0.82
to each zone, a number of establishments and em- rates | o blishments :
ployees are associated by aggregating data of an es- FTG rates |Emp density 0.44
tablishment file of Lyon in the year 2005. A distance FTG rates |Est density 0.27
matrix is then estimated. FTG rates |Pop density 0.18

To do this analysis, we estimate first the FTG using

the proposed model, then we estimate both the po-

tential and the exponential accessibility as presented

above.

We can moreover use other variables to explain the

FTG rates T; (explained in Section 3.3). After ob-

serving the available data, we selected ten explana-

tory variables able to be considered for the analysis,

related to the available data:

— POP;: Population of zone i.

— EMPi: Total employment for zone i (for all ac-
tivities).

— ESTi: Total number of establishments for zone i
(for all activities).

— SUR;: Surface of zone i (in km).

— DEPi: Density of population for zone i.

— DESi: Density of establishments for zone i.

— DEM.;i: Density of employment for zone i.

— DIC:: Distance of zone i to the city centre.

— POT:: Potential accessibility, estimated as pre-
sented above.

— EXPi: Exponential accessibility, estimated as
presented above.

Although other variables would be considered, we

report here those that are able to be estimated from

the available data presented above.

Before providing a linear regression analysis, it is

important to identify the potential of those variables

to explain FTG. To do this we present, in Table 2

below, a collinearity test between FTG and each ex-

planatory variable.

We observe that linear relationships can be estab-
lished with different variables. The highest colline-
arity between FTG rates and an exploratory variable
is observed for the employment (0.90), followed by
the number of establishments (0.82). Then, potential
and exponential accessibilities present valid Pearson
coefficients to consider linear relationships (0.73
and 0.66 respectively). All other coefficients have an
absolute value lower than 0.5. Concerning the sense
of the relationship, only two variables (surface and
distance to the city centre) present negative values
(which would result into inverse proportional rela-
tionships) but the values are too small to consider a
potential linear regression with only one of those
two variables. For all variables with a Pearson coef-
ficient with an absolute value higher than 0.5, this
coefficient is positive, which means that in those
cases FTG are directly proportional to those varia-
bles.

After testing collinearity between FTG and each ex-
planatory variable, it is important to also test collin-
earity between every two pairs of explanatory varia-
bles. However, since we aim to explore the links be-
tween FTG and accessibility mainly, we present in
Table 3 only the correlation coefficients between
each accessibility indicator and other explanatory
variables.

According the Table 3, both accessibilities indexes
are highly correlated (Pearson coefficient of 0.98)
and we observe that they are also correlated to most
other explanatory variables. Only the population
and, in a lower order of magnitude, the surface and
the population density seem to have a small linear
correlation. However, those two last present Pearson
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coefficients of about 0.5 for both accessibility indi-
cators whereas those relating each accessibility indi-
cator to population are close to zero, so we can con-
sider accessibility and population as independent
variables.

Table 3. Correlation analysis between each accessi-
bility indicator and other explanatory vari-

ables
Variable 1 |Variable 2 PearSO.n
coefficient
Surface -0.45
Population 0.04
DistCen -0.56
Potential Employment 0.80
accessibility |Number of establishments 0.65
Emp density 0.83
Est density 0.64
Pop density 0.50
Surface -0.51
Population -0.01
DistCen -0.61
Exponential |Employment -0.69
accessibility |Number of establishments 0.58
Emp density 0.85
Est density 0.68
Pop density 0.57
Potential Exponential accessibility
accessibility 0.98

Therefore, we will only consider as regression vari-
ables accessibility (potential and exponential) and
population. Concerning the use of employment
(EMP) as an explanatory variable, the FTG model-
ling framework uses, in many categories, that varia-
ble (at the individual level) so the correlation with
accessibility is important. Since we aim to analyse
the links between accessibility and FTG and em-
ployment has a non-negligible correlation to acces-
sibility, that variable will not be considered in the

following assessments. We can then define the rela-
tionship between FTG and the considered explana-
tory variables as follows:

FTGL =A0+A1.POTl‘+A2.EXPl‘ +A3.POPl‘

Knowing that POT; and EXP; have a collinearity, the
models containing both accessibilities at the same
time are not examined.

We present in Table 4 below the results of the re-
gression analysis. We report in the first column the
name of the explanatory variables used in each re-
gression, and in columns two to five the values of
the concerned coefficients. In the remaining 4 col-
umns, we report respectively the R? value, the F-Test
result, the T-Test result and the result of a Durbin-
Watson error correlation test (for the four assess-
ments involving two or more variables, since error
correlation between explanatory variables is only
present when two or more of those variables are de-
fined).

Out of eight regressions tested, six passed the three
proposed tests. We observe that Durbin-Watson test
is verified in all four assessments involving both an
accessibility measure and population as explanatory
variables but the T-Test is negative in those consid-
ering the constant term. For relationships including
only an accessibility measure as an explanatory var-
iable, all considered tests are positive (and no corre-
lation test is necessary since only one variable is de-
fined). If we compare those relationships passing all
tests, we observe that those with only one variable
have an R? lower than those with both an accessibil-
ity variable and the population, and the difference is
significant (more than 0.1 between the best relation-
ship with one explanatory variable and the less per-
forming of those with two explanatory variables).

Table 4. Regression indicators for the different possibilities

Variables Ay Ay A, Aj Ay R? F-Test |T-Test Durbin-Watson test
POT 6658.06 167.53 0.53 |OK OK Not applicable

POT 115.52 0.77 |OK OK Not applicable

EXP 7940.07 45.19 043 |OK OK Not applicable

EXP 88.02 0.66 |OK OK Not applicable

POT, POP  [2613.88 [66.07 0.20 0.63 |OK Not for constant |Independent

POT, POP 72.05 0.28 0.90 |OK OK Independent

EXP, POP  [3249.23 45.50 10.22 0.55 |OK Not for constant |Independent

EXP, POP 50.78 10.33 0.88 |OK OK Independent
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Moreover, for those two last relationships, the R? is
close to 0.9 in both cases, which remains very high.
Thus, adding the population as an explanatory vari-
able in addition to accessibility increases the quality
of the regression model. Moreover, both regressions
verified the last hypothesis to verify, that of Homo-
scedasticity (Wonnacott and Wonnacott, 2001).
Since the R is close for both regressions (i.e. the one
with POT and POP as explanatory variables,
R?=0.90 and the one with EXP and POP, R?=(0.88),
we chose to retain the two relationships. Thus both
of them can be considered as valid:

or

Those two relationships can be also used to define
estimations of freight trips from standard infor-
mation. Indeed, population is a known information
in many cities, and international databases allow es-
timating it in a quite satisfactory way, at a more than
enough disaggregation scales (1km? areas covering
most territories, Winkenbach et al., 2018). Moreo-
ver, the definition of both the potential and the ex-
ponential accessibility indicators use standard data:
employments as opportunities, which can be re-
trieved for main cities at National Statistics or
Chamber of Commerce registries (Gonzalez-Feliu,
2019). Furthermore, those models remain coherent,
in terms of structure and data needs, to those of per-
sonal mobility, and then can be used, with the same
accuracy, to have a quick estimate of freight flows
to include into global freight and passenger transport
models for traffic and civil engineering planning
needs (Arvidsson et al., 2016; Pimentel and Alvelos,
2018).

These results have several research and practical im-
plications. The first is that this correlation leads to
the definition of freight trip model that does not need
specific surveys to be deployed, and can then be de-
ployed with small costs, in an analogous way that
what is done in passenger transport (Crozet et al.,
2012). Moreover, this framework can be applied and
understood easily, without a need for specialized en-
gineers and costly assistance. This leads to a first
group of research works, related to the evolution of
current freight transport models (which have in most
cases an establishment-based generation, even if
some of them make an aggregation of results to have

zonal O/D matrices) to produce more coherent data
in an aim of comparing passenger and freight
transport models. This would lead into the use, in
practice, of joint trip generation rates of zones for
traffic assessment (mainly at the level of streets or
crossroads) as well as to feed traffic micro-simula-
tion approaches in input data (after converting the
generated average FTG into random-based probabil-
istic estimations, extending the work of Chiabaut et
al., 2016).

A second implication derives from the fact that the
accessibility gravity measurement can also be a first
approximation to distribute trips and produce a raw
estimation of O-D matrices. However, this approxi-
mation will not be as accurate as an ad-hoc estima-
tion using more performant methods, but can be ap-
plied with small amounts of data and does not need
count records for model calibration. Finally, and if
we consider the transferability hypothesis of FTG
rates (Holguin-Veras et al., 2013), it can be applied
in any context, if a good calibration of a transferable
FTG model is made and a consequent deployment of
the linear model follows. In that context, simple
freight trip models, with levels of accuracy that can
be accepted for overall estimations of freight flows
at macroscopic scales like a city or a conurbation,
can be developed and used for both urban planning
or logistics strategic management. Those models
can, after completing FTG rates by a quantity of
freight per delivery, to feed vehicle routing ap-
proaches and propose complementary data input sets
to operations research communities. They can also
be combined to operational tool (Erdogan, 2017) to
make estimates of routes, being indicated in practice
for public and private policymaking in terms of lo-
gistics distribution (access restrictions, parking
planning, zonal definitions of delivery services, etc.)
Main practical uses of the accessibility indexes are
related to the economic development of zones (iden-
tification of potential zones of development and
their influence to truck traffic), linking economic ac-
tivities and freight needs (via conversion factors to
estimate freight quantities) or identifying inequali-
ties in terms of goods transport and logistics, among
others. Indeed, the main implication of the results
shown above is that FTG rates can be estimated at a
zonal level knowing the population (which is a well-
known information in most cities) and an accessibil-
ity indicator (potential or exponential) estimated us-
ing the total number of employees per zone and the
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Euclidean distances between each two zones (both
of them being easy to estimate with data available in
most cities). Estimating FTG rates at the individual
establishment level needs instead detailed individual
information (Holguin-Veras et al., 2013) and ac-
cording to several authors, it is necessary to carry out
detailed (and expensive) data collection campaigns
(Ambrosini et al., 2008; Holguin-Veras and Jaller,
2014).

The results presented here show that using accessi-
bility and population (which are easy to estimate
with no need of collecting new data), the results ob-
tained (at zonal levels), are very close to those of in-
dividual FTG models aggregated at a zonal level (R?
of 0.88 and 0.9 respectively for exponential and po-
tential accessibility). So urban planners can, with
this framework, estimate FTG rates with data cur-
rently available for them with a suitable accuracy.
Moreover, since accessibility is a well-known notion
for urban planners, the proposed framework allows
to include freight flows in urban plans or transport
engineering studies with little efforts for planners,
who will not need to deploy specific complex mod-
els and tools and use existing ones.

However, those results apply nowadays only to
France, for which the transferability of FTG models
is verified (Gonzalez-Feliu, 2019). US models were
also verified (Holguin-Veras et al., 2013), and those
analyses would be replicated with US data to deploy
an analogous framework for the US context. In any
case, it seems that if basic FTG models are available
in a country and the transferability of FTG models
from one city to another is verified, the proposed
framework here is then able to be deployed and used.

5. Conclusion

This paper is a first step in exploring the relation-
ships between FTG and freight accessibility. It is
also one of the first works that compare two freight
accessibility indicators and their possibilities into
linking them to freight demand estimation (in terms
of trip generation). The potential accessibility seems
to be more closely related to FTG and the resulting
relationships seem to be a good way to approximate
FTG when few or no data of specific trip surveys are
available. However, this work makes a first approx-
imation, i.e. the FTG are estimated and not surveyed,
which is valid when it is not possible to deploy such
surveys (due to restrictions on costs or other re-
sources). However, it shows that FTG rates can be

related to the land accessibility as well as to the pop-
ulation. The main practical implications of the work
are related to the deployment of models when few
data is available. The proposed framework allows us
to estimate FTG rates in a quite accurate way (R?
close to 0.9) with only two sources of information.
The first, population, is more or less able to be esti-
mated in most urban zones. Moreover, Population
can be obtained, for a small granularity (grids of 1
km?) at the LandScan™ database, for any city of the
World (Bright et al., 2018 and Regal, 2020). The
second, the accessibility indicator, is calculated us-
ing employment (able to be estimated in a more or
less accurate way in many cities) and distances (for
which many estimations can be made). Thus, the
proposed framework uses standard data and it is easy
to assess with current information, making it a first
approach to overcome the main difficulties of get-
ting very detailed data without losing accuracy,
which is very important. This work remains then ex-
ploratory but gives a first idea of the potential of us-
ing accessibility related to trip generation in urban
logistics. The main implication of the proposed work
is practical: using standard available data, urban
planners can estimate FTG rates with a good accu-
racy and no need of deploying specific and expen-
sive data collection campaigns/surveys. Those rela-
tionships seem relevant for two reasons. First, those
results allow defining simplified zonal models that
can be useful for quick estimates of FTG rates at ur-
ban level using little amounts of standard data. Sec-
ond, the estimation of FTG at a zonal level can in-
clude variables not able to be considered at the es-
tablishment level, like population on various density
measures, among others, and be more coherent with
personal trip and accessibility modelling ap-
proaches, supporting the integrations of both types
of trips. Nevertheless, and since population and ac-
cessibility (the two most significant explanatory var-
iables) are able to be estimated with available data
in most cities, the proposed framework remains a
potential tool able to be used and understood by city
engineers and planners in practice.

The proposed framework is preliminary and can be
improved. More-in-depth validations seem however
necessary to generalize this work into a standard
framework. For that reason, further works will focus
on two main elements: the first is that of estimating
the quality of the FTG model and that of the pro-
posed accessibility-based generation procedures
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concerning surveyed data; the second concerns the
indicator itself, which has not been analyzed here
based on accessibility representation. Indeed, those
indicators are traditionally defined on the basis of
personal transport, with the hypothesis that house-
holds have a strong influence on daily trips. But be-
cause the natures of freight trip chains and the spatial
distribution of the different generators are essen-
tially different than that of the personal trip genera-
tion determinants, a freight-specific indicator would
have a better relationship to FTG. In this sense, fu-
ture work will examine more in-depth those deter-
minants in order to define more suitable indicators
for freight and logistics accessibility.
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