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Abstract

The ex-ante assessment of the impacts generated by city logistics measures
cannot be separated by the use of simulation models able to reproduce the
process of distribution of final products.

The paper reports the use of urban freight demand models and proposes an
aggregate simulation approach to support the ex-ante assessment of a specific
distribution service connected to a nodal physical infrastructure, in particular an
Urban Distribution Center (UDC).

Models have been tested in a town of southern Italy (Reggio Calabria), where
a UDC has been planned. The UDC could offer a competitive service to retailers
and generate positive impacts on traffic and environment, in order to balance the
increasing cost of transhipment for each carrier.

Keywords: city logistics, urban freight demand models, urban distribution
center.

1 Introduction

One of the main objectives of city logistics concerns the reduction of negative
externalities generated by freight transport without depressing economic and
social vitality of urban areas.

From the public utility point of view, the above objective is part of a more
general goal concerning sustainability, which should ‘ensure that transport
systems meet society's economic, social and environmental needs, at the same
time minimizing negative repercussions on the economy, society and
environment’ (reported in [1] as a synthesis of the international debate).
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Thus, in order to make urban mobility more sustainable, it is necessary to
implement city logistics measures in order to reduce the impacts of freight
transport in urban areas. A review of measures and their results is presented in
[2-4]. In many cases, implemented measures have been proved ineffective, or
have given contrary results to the expected ones. This was due to the fact that
many of them have been implemented without an ex-ante assessment, supported
by simulation models considering all the involved actors.

In order to estimate and evaluate the performance and impacts generated by
urban freight measures, a key role is played by simulation models which should
be able to reproduce the process of distribution of final products.

In the above context, the paper reports the use of urban freight demand
models and proposes an aggregate simulation approach able to support an ex-
ante assessment of the impacts of a city logistics measure. The measure
considered is a specific distribution service connected to a nodal physical
infrastructure, in particular an Urban Distribution Center (UDC).

The system of models has been tested in a town of southern Italy (Reggio
Calabria), where a new UDC, oriented to small and independent retailers, has
been planned. The thesis is that the planned UDC could offer a competitive
service to retailers and could generate positive impacts on traffic and
environment.

The paper is structured into four sections. Section 2 synthetically presents the
characteristics of the UDCs and the lessons learned from the review of the
studies existing in literature. In Section 3 the main elements concerning the
system of models for analysis of the freight distribution processes in urban areas
is presented. Section 4 reports the preliminary results of the application aimed to
simulate the impacts of the introduction of a UDC in terms of distances travelled
and travel time. These metrics have been ex-ante estimated by comparing pre-
and post-UDC conditions, and thus the measured improvement are related to the
traffic diverted through the UDC.

2 Review on urban distribution centers

There is a wide range of city logistics measures that can be grouped into four
categories [1, 5, 6]:

e measure related to governance, such as delivery/pick up time windows,
road pricing;

e measures on equipment, relevant to loading units (new standards) or
transport units (e.g. low impact vehicles);

e measures relevant to immaterial infrastructures, such as research and
education, Intelligent Transport Systems (telematics);

e measures relevant to physical infrastructures, that can be divided into linear
infrastructures (i.e. roads reserved to freight vehicles only) and surface
infrastructures (and/or nodal) such as loading/unloading areas, distribution
centres).

An UDC is a nodal physical infrastructure, which can be defined as “a facility
involving the transhipment of goods directed to urban areas, aiming to
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consolidate deliveries, and thus provide greater efficiency (and effectiveness) in

the distribution process by increasing the truck load factor and decreasing the

number of trucks used, which help mitigate urban congestion and air pollution”

(see [7D).

The presence of an UDC allows shaping a new service in the urban freight
distribution process, which allows freight to be carried by means of larger
vehicles outside the city and, after the transhipment, by means of smaller and
less polluting vehicles inside the city.

The transhipment operation increases the costs connected to handling,
ordering, inventory, damage and loss; but it could give benefits connected to the
consolidation of the consignments and the optimization of freight vehicle routes
and loads. Several studies on the design of optimal routes of freight vehicles in
urban area are reported in [8-10].

The entity of costs and benefits connected to the UDC depends on several
elements connected to [7, 11-13]:

e structure and regulations of urban transport facilities and services: size and
configuration of roads, traffic conditions and regulation, pedestrian areas;

o characteristics of the UDC
o physical and organizational: size, location, store capacity, types of

vehicles, presence of additional services;

0 governance: degree of financial support from public institutions, presence
of public in the ownership and management, characteristic of operational
agreement, market areas to be covered;

o carriers freight transport operators (e.g. own account or third party, available
vehicles and drivers, number of consignments in the urban area, availability
of warehouses, ....) and retailers (e.g. freight received per day, store capacity,
location, parking availability);

e type of freight to be delivered.

Although UDCs have been planned and implemented in several European cities

(in Italy, there are the examples of Padua and Geneva), few initiatives continue

to operate after some years from their implementation.

Some general lessons learned from the review of the existing studies are
reported in the following. Bottom-up initiatives seem to be more successful than
top-down ones because shippers, carriers and retailers are involved since the
early stages of the implementation, providing their decisive contribution in the
achievement and maintenance of the break-even threshold of activity level [14].
The introduction of traffic restrictions to freight transport operations, which
range from time windows, to vehicle weight or speed limits, to clean vehicles,
tend to favour UDCs if the restrictions are accepted by operators (e.g. by using
clean vehicles, or incrementing load coefficient) or if they are fully or partly
exempted from the restrictions. UDC initiatives seem to potentially work better
for deliveries with a high frequency, low volume, and that contain simple
products. As far as concerns logistics trips, the major potential beneficiaries of
an UDC are independent and small retailers, since their deliveries are generally
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not optimized (in contrast to those of retail chains), as well as carriers making
small multi-drop deliveries in areas where restrictions on delivery conditions
exists (e.g. restricting regulations or congestion) (see [15]).

The above elements concerning the failures or the (potential) benefits of the
planned UDCs emerged after their implementation in the different urban
contexts. They are the result of a long and costly ‘trial and error’ approach,
which emphasize the need of urban freight demand models able to simulate the
effects of a planned UDC, verifying its technical compatibility and evaluating its
convenience. In particular, it is necessary to finalize the research to link model
system and experimental counts in terms of freight vehicles specified for
typologies (capacity, refreshed,..) and for the time of day. The model system
used belongs to the topological-behavioral approach that has a very large
literature [16, 17], recently enlarged by the contemporary use of different data
sources, that give the reverse problem formulation [18].

3 Urban freight demand models

Freight travel demand in urban area is mainly generated by two types of

trips [1, 5, 6]:

e shopping (attraction) trips, made by end-consumers (residents, workers)
that travel from a residential (working), or consumption, zone to a
purchasing zone;

e restocking (acquisition) trips, made by retailers, carriers, forwarders, that
allow delivering the freight to the warehouses and shops, or directly to the
end-consumer.

The two classes of trips may be performed by means of so-called pull or push
movements (see Figure 1). In the former case, the final consumer (retailer) buys
(stocks up) directly from a shop (warehouse) and he can be considered the
decision-maker of the shopping (restocking) process. In the latter case, other
actors choose how and from where the freight must be delivered to the final
consumer (retailer), who can give some indications regarding the delivery time.

Moreover, the shopping (restocking) trip can be assumed to be a round trip if
it has one residential or working zone (the shop) as origin and one shop
(warehouse) as destination, or a chain trip if it has one residential or working
zone (the shop) as origin and multiple shops (warehouses) as destinations.

The round (chain) trip may be open if the origin of the on-going trip is
different from the destination of the coming back trip (e.g. final consumers who
go out from home, make a stop in a (or more) shop(s) and reach their workplace)
or closed otherwise (e.g. final consumers who go out from home, make a stop in
a (or more) shop(s) and come back at home). The round (chain) trip for logistic
pull movements is open if the retailer starts her/his trip from the shop, makes
stop(s) in one (or more) warehouses and reach her/his own warehouse located in
a different area from the shop. The round (chain) trip for logistic push
movements is generally closed, because the trip starts and ends at the same point
(warehouse).
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0, residence zone ; d, shopping zone; w, internal restocking zone;

z, external restocking zone

Figure 1:

Schemes of urban freight mobility (source: [1]).

803

The ex-ante assessment of the impacts on traffic due to the introduction of an
UDC requires the specification, calibration and validation of freight demand
models, which allow simulating the choices of the decision-makers involved in
the urban freight transport and logistics.

The system of models used in this work consists of two levels, as shown in

Figure 2.
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e The former is the commodity level, which simulates the attraction and
acquisition movements which are the results of respectively end-consumer
and retailers/carriers/ wholesalers choices. It concerns the estimation of
demand flows in quantity for each freight type by o-d consumption pair and
by d-w (or d-z) restocking pair.

e The latter is the vehicle level, which focuses both on the shopping (by end
consumer) and restocking (by retailer) processes. It allows converting
quantity flows into vehicle flows. The models concern the determination of
the service, vehicle and time used as well as the path chosen for restocking
sales outlets, and in similar pattern for shopping. In case of retailer the
models have the same structure for movements of push and pull type; while
in case of end consumer the structure of the models differ when the
movement is of push type (equal to the push type of retailer) or of pull type.

3.1 Models for commodity level

Models for commaodity level can be subdivided into:

e attraction macro-models, for connection between zones in which the goods
are bought by the end-consumer and zones where the goods are consumed

e acquisition macro-models, for connection between zones where the retailers
take the goods and zones where they sell them

3.1.1 Attraction macro-models

It is necessary, preliminary, to introduce some definitions and notations
concerning:

¢ the identification of study area as spatial definition problem of zoning

o, internal zone in which the end-consumer (e.g. family) consumes (uses) the
goods and the residences and services (offices) are located; in these zones
the goods are consumed, or their use starts;

d, internal zone in which the end-consumer (e.g. family) can purchase the
goods which the retailer sells; the shops are located in these zones;

w, internal zone to which the retailer can bring goods sold in his shop;

z, zone outside the study area where the end-consumer can purchase the
goods which an out-retailer (or other) sells, or the (internal) retailer can
bring the complementary goods sold in his/her shops.

lo, set of zones of type o;

l4, set of zones of type d;

l,,, set of zones of type w;

I, set of zones of type z;

o the socio-economic characteristics of end consumers and the types of goods
pop, (V o € 1,), number of residents;

fo, (V 0 € 1,), number of families;

mo, (¥ o € 1,), average number of members per family

s, good typology (e.g. non-perishable food) that the end consumer (e.g.
family) can purchase;

Js, set of goods typologies s.
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Assuming that the decision-maker (end consumer) is the family, the quantity
of good purchased by each family is obtained as:

Osto = Ejﬂjsyjs Vo€l,s€]; (1)
with
Osto, quantity purchased of good typology s by family in zone o in the reference
time period t;

Yjs, attribute j of family related to good typology s;

S, parameter.

The total quantity of good s purchased by all families living in zone o in the
reference time period t, Qs IS:

Qsto=2 Usto Voel,s€ ]s (2)

A distribution model estimates the probability to purchase goods in a zone of
the study area:

p[d/ost]=exp (Vao ) / 2 exp (Vo) Voel,;dd el (3)

where:

p[d/ost], probability of purchasing good of type s by family in zone d conditional
upon leaving from o in reference time period t;

Vaano, Systematic utility associated to purchasing in zone d(d’).

3.1.2 Acquisition macro-models
The total quantity of good s acquired by retailers located in zone d in reference
time period t, Qgy, is estimated as:

Qsta =Zoero P[d/05t] Qsto Voel,del, (4)

where the quantities p[d/ost] and Qg, are obtained respectively by means of
egs (2) and (3).

3.2 Models for vehicle level

Different classes of urban freight vehicles are used to delivery good, which differ
according to loading capacity. Each class belongs to the set of Large Good
Vehicles, liq, characterized by a loading capacity C'%(vigv e Lgy).

The number of vehicles for each Igv class is estimated as:

F Igvstd = Qsa / 77lgvs c'o (%)

where
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F'9q is the number of vehicles delivering good typology s having zone d as
destination in time period t;
7% is the loading factor of Igv vehicle delivering good typology s;

The target time of each restocking trip is estimated by means of a time model:
pl[#dst,Igv] = prob[U> U] v+ 1, 1€t (6)

where

p[ /dst,Igv] is the probability to deliver goods of type s to zone d by means of an
Igv vehicle at time 7 belonging to reference time period t;

7is the desired departure/arrival time from/to zone d;

U, is the perceived utility associated at target time z(7').

Therefore, the flow of Igv vehicles delivering goods of typology s towards zone
d at target time 7, F'%;q, is estimated as:

FlgvStd = p[dStilgvvd] Flgvstd (7)

where the quantities F'%qy and p[/st,Igv,d] are obtained respectively by means
of egs (5) and (6).

The probability of choosing the restocking area w for a retailer located in zone
d which acquires good of typology s in time period t, p[w/std], is estimated by
means of a restocking area choice model:

p[W/dSt]: exp (de ) / Z\‘N exXp (Vw’d) (8)

where V,qq) is the systematic utility associated to reach the restocking area w
conditional upon leaving from d(d’).

Finally, the flow of Igv vehicles delivering the good of typology s from zone
w to zone d in reference time period t is obtained as:

Flgvstw= 2:deld p[W/Std] Flgvstd (9)

where the quantities F'%"

egs (7) and (8).

s and p[w/std] are obtained respectively by means of

4 Application

The proposed system of demand models has been tested in a town of southern
Italy (Reggio Calabria), where a new UDC, oriented to small and independent
retailers, has been planned. The thesis is that the planned UDC could offer a
competitive service to these retailers and could generate positive impacts on
traffic and environment, in order to balance the increasing cost of transhipment
for each carrier.
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The application started with the definition of the study area, which included
the municipality of Reggio Calabria (180,000 inhabitants and an extension of
236.02 Km?). It consists of a central district with mixed residential and retail
activities and clustered educational and public services; and of suburban districts
with manufacturing activities and scattered residences.

The central district was the portion of the study area where the system of
models has been applied (Figure 3(a)—(b)).

The application of models for the commodity level has regarded:

e the estimation of the quantities of not-perishable food purchased in
independent retailers located in the central district, by means of the
acquisition model;

o the estimation of the restocking process and the links between retailers and
wholesalers, by means of the attraction model;

Figure 3: Study area (a) and portion of the central district with zones (b).

The application of models for the vehicle level has concerned the estimation
of pull movements connected to the restocking trips, the path (or routes)
performed during the restocking trips.

Paths of freight vehicles, performing pull movements, have been estimated by
means of a stochastic path choice model, which was calibrated with data
obtained from a congested network model. The link cost functions of the
congested network model were calibrated with traffic counts and travel times
measured on some selected links.

The following elements related to the zoning and to the types of goods were
specified.

I, and I4 are composed by nine zones and they are coincident: 14= .

I, is composed of two zones in the current situation pre-UDC: I,={w;, W},
with w; located in southern area and w; located in the northern area (see Figure
3.a).

Js is composed by the nine typologies of not-perishable food: J;={s1, S; Sz, S4,
Ss, S, S7, Sg, So}, With s;= pasta and rice, s,=biscuits, s;=milk and cheese,
S4= eggs, Ss= 0il, s= sugar, s;=coffee, ss=tea and cocoa, sy=wine, beer and water.
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4.1 Outcomes of freight demand models

The application of the freight demand models allowed estimating the following

quantities (see table 1):

o Qud = Zs=1..9 Qswa, total quantity of not-perishable food (belonging to the set
of typologies Js) acquired by retailers located in each zone d of the examined
area in one week (t=week);

o F%= 1 9 F%.q number of vehicles delivering not-perishable food
having zone d as destination in one week (t=week).

Five Igv classes of vehicles have been identified: 0, over 18000 Kg;

1, between 3600 and 18000 kg; 2, between 1600 and 3600 kg; 3, between 1000

and 1600 kg; 4, up to 1000 kg.

Table 1: Estimated freight quantities and vehicles delivered in the examined
area.
zone d Qu Fy Flsg Fya Fu Fua Fs
[kag/w] [veic/w]  [veic/w] [veic/w]  [veic/w]  [veic/w] [veic/w]
1 19875 0 0 1 3 8 13
2 49212 0 1 4 7 19 31
3 15756 0 0 1 2 6 10
4 42903 0 1 3 6 17 27
5 4928 0 0 0 1 2 3
6 9276 0 0 1 1 6
7 20238 0 0 2 3 8 13
8 40100 0 1 3 6 16 25
total 202288 0 4 15 30 79 128
w=week

In order to validate the outcomes of models, freight vehicles entering in the
examined area in the peak period (7:00 am — 9:00 am) of a working day have
been counted and classified according to the five classes defined. The counting
includes freight vehicles delivering perishable food, building materials, materials
for maintenance and services and other durable goods.

Table 2: Counted vehicles entering in the examined area.
Vehicle class [lgv] 0 1 2 3 4
[veh/2 hours] 13 126 123 120 246
[%] 2,1 201 196 191 392

4.2 Outcomes of network model: scenarios pre and post UDC

The effects of the planned UDC have been estimated in terms of kilometers
travelled and travel times by freight vehicles during the restocking process of the
retailers located in the examined area. The following traffic metrics have been
specified and calculated by means of the congested road network model:
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o the minimum distance and travel time on the network between each retailer-
warehouse/wholesaler origin-destination couple (pre-UDC scenario);
o the minimum distance and travel time on the network between each retailer-

UDC origin-destination couple (post-UDC scenario).

The assumptions on the restocking trips are the following: (i) pull
movements, the decision-maker is the retailer; (ii) closed ring trips, after
restocking the retailer goes back to his shop, the trip origin is the shop and the
destination is the warehouse/UDC.

We considered different combinations of restocking alternatives (warehouse)
for each retailer: in the pre-UDC scenario the choice set is composed by the two
existing warehouses, or by one of the two ones; in the post-UDC scenario the
choice set is composed by the UDC or by the warehouse with the minimum cost
(related to each retailer) in the pre-UDC scenario and the UDC.

The results of the simulations are reported in Table 3, which reports the values of
distance travelled and congested travel time estimated for all the retailers for the
five different combinations of available alternatives connected to the two
scenarios. In the combinations with more than one restocking alternative, the
probability p[w/td] is estimated by means of the restocking area choice model of

eq. (8).

Table 3: Traffic metrics estimated for the pre and post-UDC scenarios.
. Available Distance travelled Congested travel time

Scenario . .
alternatives [km] [min]
w2 387.2 738.4
Pre-UDC wl 214.2 670.2
wil, w2 257.4 519.7
uDC 75.0 3429

Post-UDC

wl/w2, UDC 86.9 3385
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