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Abstract. E-commerce is increasing the B2C freight flows in cities. These flows
are characterized by the light goods vehicles (LGV) on multi-drop routes.. Parcel
delivery companies are facing challenges to keep last-mile deliveries cost
efficient, while facing high rate of failed deliveries and complex home delivery
distribution with few opportunities to consolidate. At the same time, the rapid
growth of e-commerce during the last years has increased awareness of its
negative externalities. In order to analyse the e-commerce phenomenon in cities,
it is important to understand the spatial organization and characteristics of the
B2C freight flows it generates in cities. In this paper, we conduct an exploratory
analysis to understand the spatial distribution of the demand of e-commerce
deliveries. The aim of this research is to analyse the spatial distribution of failed
and successful e-commerce deliveries in the eleven Flemish core cities and
Brussels. In contrast to a large part of the growing e-commerce literature which
remains focused on a-spatial econometrics, the current analysis was performed
via Geographic Information Systems (GIS). The results from this paper show a
strong intra-urban heterogeneity of e-delivery characteristics, suggesting the
need of establishing e-delivery demand profiles for effective urban freight
modelling. In addition, failed deliveries seem to have a high concentration rate,
implicating that focused efforts to mitigate the failed delivery issues can be
successful.
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1. Introduction
Online shopping has been growing at a two-digit rate during the last years. Logistics
has been identified as one of the top five priorities to stimulate e-commerce growth [1].
This is especially true for the business to consumer (B2C) segment of e-commerce.,.
While B2C represents around 30% of the e-commerce turnover[2], they generate 56%
of the all e-commerce shipments [3]. Moreover, B2C often implies individual
shipments, resulting in an increasing number of trips and kilometres in residential areas
[4]. These B2C e-commerce deliveries pose significant challenges to logistics carriers,
especially in urban areas.
High competition, a consumer driven economy, failed delivery issues, reverse
logistics and environmental measures taken by policy makers are factors that put
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pressure on the cost reduction of delivering online orders. On top of that, the last-mile
is regarded as the most expensive section of the goods distribution [5].
In an attempt to cope with these increasing costs, logistics carriers look for new
solutions. One such innovation is the substitution of traditional freight trucks by light
goods vehicles (LGV). However, this change may have implications in the urban areas,
leading to, even more vehicle-kilometres travelled and, because they are fuelled by
diesel or petrol, more pollution and congestion [6], [7].
Different urban e-delivery solutions have been tested and the boom of e-commerce
has paved the way for more innovative alternatives of freight distribution [8]. However
it is not clear to what extent these new alternatives are cost efficient and can meet the
objectives of urban logistics. In order gain insight in and forecast the outcomes of these
alternatives, logistics carriers as well as policy makers are in search for modelling tools.
Such a transport modelling tool should be able to predict the freight flows in a city,
considering three major characteristics of the system: the spatial and socio-economic
characteristics of the area, the characteristics of the transported products and the
characteristics of the economic agents involved in the delivery process.[9]. In the
modelling efforts presented in this paper, the second characteristic will be invariable
since our dataset only contains B2C e-commerce parcels. Instead, the focus is on the
potential of using urban and spatial analyses to understand the demand and
characteristics of e-commerce deliveries. Instead, the focus of this paper lies on
characteristics of e-commerce deliveries. Via urban and spatial analysis, we will
investigate whether the demand (e.g. e-commerce customers) can be predicted by the
socio-economic characteristics of these agents, hereby connecting both the first and last
points mentioned above. This is in line with the work of Macario [10] who suggests
that in order to start modelling transport flows in urban areas, the latter’s heterogeneity
demands standardization based on its socio-economic characteristics.
This paper is organized as follows, in the second section we describe the data
available and the methods used for the analysis. In the third section, we discuss the
results observed from the spatial analysis of failed and successful e-deliveries . Finally,
in the fourth part, we attempt to conclude partial results from the analysis and propose
directions to perform further research.

2. Data and methods
The e-commerce data used in this paper are B2C deliveries performed by a logistics
carrier in a four-month time window in 2015. However, some considerations and
limitations about the data available have to be described. Parcel delivery companies
combine business to business (B2B) and B2C deliveries. In order to decouple these two
different flows and analyse B2C solely, two different criteria can be applied. A first
criterion can be to identify the type of address of the deliveries, then exclude business
addresses so that the focus lies on residential addresses. A second criterion is to study
only the products bought in e-commerce shops. Both criteria yield inconveniences, the
former excludes deliveries to individuals at work while the latter may include B2B
deliveries acquired through e-commerce. As this paper has an urban logistics
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perspective, it is more interesting to process the data according to the second criterion,
because it retains the entire spatial distribution of deliveries.
The information is aggregated to the level of a statistical sector. The statistical sector
is a sub-municipality spatial unit defined on the basis of social, economic, urban
planning and morphological structures [11]. The market share of the logistics carrier is
estimated around 15% and a bias could exist because of regional differences in ecommerce behaviour and, therefore, logistics carriers. Nevertheless, because of an
unavailability of this information due to privacy issues, this study assumes the available
data can be considered representative for the total Belgian population.
The explanatory socio-economic data used in this study dates from the 2011 census.
It is a snapshot of the socioeconomic situation of the country at that time. In contrast to
its predecessors, the dataset is constructed by combining various administrative records
instead of surveying (a subset of) the population. Since the address data necessary to
geocode the deliveries was only available for Flanders and city of Brussels, this study
is only valid for the northern part of Belgium.
Both economic and geographic measures are used to quantify the concentration of
failed and successful e-commerce deliveries. In social studies, the Lorenz curve was
developed to assess the income distribution of a population. The curve is constructed
by plotting the cumulative proportion of the population (x), against the cumulative
proportion of their income (y). Since a large share of the wealth is owned by a small
part of the population, the Lorenz curve takes a convex shape below the line of equality
The LSC can also be applied when analyzing other distributions. In this case, the
principle is used to measure the spread of e-commerce deliveries over the study area,
which is used as an indicator of e-delivery concentration. [12].
Another way to measure the spatial concentration is to compare the amount of failed
and successful deliveries in one spatial unit with the average amount of deliveries in (a
part of) the study area. The most popular measure in this category is Moran’s I, which
calculates a value of concentration based on a definition of its neighborhood. Using this
method, one has to take into account that when the spatial units are shaped irregularly,
as is the case here, the variable in question has to be normalized by dividing its value
through the size of the unit’s area. Moran’s I yields a value between -1 and 1, where
the former indicates perfect dispersion and the latter perfect concentration.

3. Results and discussion
In Figure 1, the distribution of the total number of e-commerce deliveries per square
kilometre in Flanders and Brussels is mapped. From this map, one can easily derive the
importance of the urban centres in the overall number of deliveries.. This is obvious,
since more people imply more deliveries. However, quantitatively, the correlation
factor between the population and the number of deliveries in an area is only 67.43%.
A part of the remaining variance can be explained by the fact that the population data
represent the number of inhabitants, while many shoppers use their work address for
receiving their parcel. The relation between the population and the deliveries can also
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be derived from the Lorenz curve plotted in figure 2B. The red line indicates the
relationship between population and the number of deliveries in the study area. In case
of the blue line, the e-deliveries would be spread equally over the population. The small
difference between both curves, quantified in the Gini coefficient, points to the yet
unexplained 28.9%. In contrast to the number of deliveries, only a limited number of
people seem to be responsible for the failed deliveries occurring in the study area
(Figure 2D). Since these failed deliveries represent inefficiencies in the delivery
process, it is worth looking at the characteristics of these consumers in order to classify
e-shoppers.
Figure 2A then tells the same story mapped in figure 1, exhibiting a strong spatial
concentration of deliveries. In northern Belgium, 75% of all parcels are delivered in
only 29% of the area, indicating the strong opportunities for consolidation, given the
receivers display similar at-home behaviour. Finally, figure 2C confirms the claim
made above, indicating the value of e-delivery categories.

Figure 1. Deliveries/km² per statistical sector in Flanders and Brussels
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.
In an attempt to predict the remaining variance, we included socioeconomic
variables such as the average income, age, household size etc. per spatial unit, in the
equation. This however did not significantly improve the prediction of the e-delivery
characteristics in the area. One of the reasons for this is the fact that many packages are
delivered at the work address. In addition, it seems that different factors play at various
geographical regions.
By taking a close look at city level of the demand pattern of e-commerce deliveries,
different types of areas become attractors of deliveries. Contrary to expected, is not
only dense population areas where e-commerce goods are flowing. Business districts
become even higher hot spots for deliveries in some cities. At the same time, the
difference between high and low-income residential areas is not well defined at this
level, in Figure 2, the example of the city of Antwerp is shown.
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Figure 2. Urban e-commerce deliveries in Antwerp, Belgium
What can be learned by analyzing the deliveries at the city level, is that the levels of
demand will follow different socio-economic “rules” changing from zone to zone.
Besides the heterogeneity of the spatial pattern of the demand, concentration can be
observed, since the demand for deliveries is not equally spread around the city, is also
worth to investigate in what extent the e-commerce deliveries are concentrated.
Another issue to be solved is the definition of the urban area. As here, the analysis
is going to be made in a city level, it is necessary to define what areas can be considered
as cities, and their subsequent boundaries. With a level of urbanization of 97.5%, some
authors consider that Belgium can be seen as one big city, and the definition of city has
been studied in depth. In this study the concept of “centruumsteden” was used [13], in
this study a hierarchy of urban areas was developed and a set of 13 areas are considered
as the main cities.
In Figure 3, the example from Antwerp can be seen. The graph is showing a very
high concentration level, with 90% of the deliveries concentrated in only 32% of the
total area. It should be note that a highly concentrated area can be translated as short
distances to perform the deliveries. Table 1 exhibits the total area covered for different
percentiles of the total demand, the analysis was executed in Brussels and thirteen cities
composing the “centruumsteden”
This analysis provides insights on how the deliveries demand in different cities is
heterogeneous as well, and can serve as guidance for defining zones in order to model
the demand. In can also indicate in which cities focalized alternatives can be more
successful.
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Figure 3. Spatial Lorenz curve for e-commerce deliveries in Antwerp
Table 1. Concentration level of deliveries for different percentiles in Brussels
and the 13 main cities of Flanders
Pct_50

Pct_70

Pct_80

Pct_95

6.6%

15.6%

23.2%

44.0%

Antwerp

11.1%

22.2%

26.1%

43.4%

Brussel

48.9%

73.5%

79.8%

95.5%

Bruges

27.8%

34.1%

46.3%

56.1%

Genk

30.8%

40.7%

45.1%

70.1%

Gent

31.7%

53.4%

66.9%

88.2%

Hasselt

19.6%

40.6%

52.8%

76.7%

Kortrijk

3.3%

22.3%

41.8%

82.3%

Leuven

25.8%

43.8%

74.2%

89.3%

Mechelen

10.7%

27.5%

41.2%

85.2%

Oostende

33.4%

53.6%

60.2%

75.6%

Roeselare

18.2%

38.8%

60.6%

83.8%

Sint-Niklaas

#N/A

5.4%

8.0%

54.4%

37.2%

54.5%

91.4%

Aalst

Turnhout

5.7%

The same analysis was performed, this time with failed deliveries. Figure 4 shows
the comparison between failed deliveries and total deliveries in Antwerp. No. 1 circles
show areas where deliveries were high, and failed deliveries are critical. No. 2 circles
show areas where failed deliveries were very high, and failed deliveries were very low.
From qualitatively analyzing the areas in the city, a hypothesis is suggested involving
business and residential zones. In the map the business district center is high in terms
of deliveries but low in terms of failed deliveries, this behavior is very likely to be
related if the receiver is an individual or a company. One has to note that this data
belongs exclusively to B2C, two different reasons can still attract deliveries to
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companies. Firstly, employees can order goods online and ask to be delivered at work.
Secondly, small companies can use the B2C stream for small orders (e.g. trough
Amazon).

1

1
2

2
1

1

2

2

Figure 4. Comparison between deliveries and failed deliveries in Antwerp
When analyzing the spatial spread of failed deliveries in Table 2, higher levels of
concentration can be seen for every city. Even when the city does not have a particular
area of demand attraction, the failed deliveries seem to be a problem of specific areas.
For example, Brussels showed a very low concentration rate of deliveries with 80% of
the total deliveries spread in the 79.8% of the total area. This means almost equally
spread around the city. However, the 80% of failed deliveries belong to only 32.7% of
the area. Suggesting specific zones with a very high failed deliveries rate,
This implicates that urban logistics initiatives attempting to tackle the failed
deliveries problem can be concentrated in specific areas of the city. It should be an
important criteria to localize facilities for e-commerce goods as pick-up points and
automated lockers, or these areas can consider the use of recipient boxes to decrease
the failed deliveries.

4. Conclusions
The analysis on the cities of Belgium shows different insights about e-commerce
deliveries in urban areas. Firstly, the zones within the cities are heterogeneous and is
important to follow the methodologies of other works that suggested defining logistics
zones [8], [9], [14], [15]. For e-commerce once the zones are defined the demand of
deliveries should be explained from socio-economic variables. This step is a very
important contribution to model B2C e-commerce demand in cities.
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Table 2. Concentration level of failed deliveries for different percentiles in
Brussels and the 13 main cities of Flanders
Pct_50

Pct_70

Pct_80

Pct_95

Aalst

8.7%

18.2%

25.8%

44.4%

Antwerpen

7.1%

13.4%

19.5%

32.5%

Brussel

13.9%

25.6%

32.7%

54.2%

Brugge

23.6%

28.3%

34.8%

43.7%

Genk

16.8%

22.1%

34.5%

50.6%

Gent

62.7%

76.9%

80.3%

91.0%

Hasselt

11.8%

25.2%

33.4%

54.3%

Kortrijk

20.5%

33.8%

42.8%

61.2%

Leuven

15.4%

32.8%

41.3%

62.1%

6.8%

26.0%

29.8%

52.9%

Oostende

7.1%

11.7%

25.2%

33.1%

Roeselare

12.5%

29.8%

35.1%

61.8%

SintNiklaas

13.8%

18.9%

21.0%

42.1%

6.2%

13.6%

15.4%

34.0%

Mechelen

Turnhout

The analysis also showed different concentration rates for the deliveries in urban
areas. While some cities have high concentration rates, some showed a similar spread
of the demand for deliveries. Future research should attempt to explain the
characteristics defining the concentration or spread of the demand. Spatial and socio—
economical should be playing a role on explaining these characteristics.
This initial study is the first step to model the demand of B2C e-commerce deliveries.
Spatial characteristics of the demand are important to understanding the logistics and
transport movements in cities because these characteristics determine the length and,
therefore, the duration of the delivery tours. In this paper indicators about the
concentration rate of demand were developed showing differences among cities.
The analysis on this paper also shows the latest trends of deliveries from companies.
More and more customers prefer to receive items at work, attracting more trips to areas
where there is already high pressure from other goods flows. Different alternatives have
been proposed to organize and make more efficient e-commerce distribution, however
given the heterogeneity between zones and cities is important to consider different
specific characteristics.
As a further direction to research we propose the use of spatial analysis techniques
to develop a segmentation of the area in to small zones with the same profile. Since is
hard to fit a regression model in an heterogonous area, if the zones follow the same
rules, then a set of regression models can be fit to each type of zones. This idea is linked
to the concept of Logistics Profiles, and in further investigations, a methodology to
produce such profiles will be expanded.
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