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A GRAVITATIONAL APPROACH FOR LOCATING NEW 
SERVICES IN URBAN AREAS1 

Daniela AMBROSINO a, b, Anna SCIOMACHEN a, b 

Abstract. In this work we face the problem of locating new services in urban 
areas. Given a digraph whose nodes represent urban zones and arcs are the flow 
connections between them, we have to decide in which node new service centers 
can be optimally located on the basis on the evaluation of the efficiency of other 
centers that have been previously located in different nodes. We first derive the 
main parameters that could influence this locative choice and present a model 
originating from the classical gravitational and attractivity approach used in the 
competitive location problem. This well known model is here originally applied 
in the presented case study related to the city of Genoa, Italy, where we had the 
need of evaluating different locations for opening food and rest service centers. 

1. Introduction and problem definition 
Many factors have to be taken into a proper account in a strategic decision planning 
analysis whenever new services have to be located in urban areas. Among others there are: 
possible sites, parking availability, visibility, infrastructure, type of zone, urban traffic 
mobility plan, traffic congestion, density of population, competitor services and type of 
users. Planning a network of new services within urban areas also requires a noticeable skill 
in foreseeing the revenues that could be possibly derived from those services, especially 
when the decision maker has to face problems concerning relocation, enlargement of 
existing locations or adding new ones. Such forecast are based on many factors, among 
others the quality of the service and the location of the site within the urban network; 
moreover, a relevant role is played by the distribution of inhabitants within the urban 
territory, that is the evaluation of the potential demand. 
In this context, quite a number of gravitational models, that are based on the spatial 

interaction between supply and demand agents, have been proposed in the literature, even if 
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their application to real cases is quite limited. The gravitational approach originally 
proposed in [5] and successively in [7] relies on the assumption that the probability that a 
user chooses a given service point is directly proportional to its attractivity and inversely 
proportional to the distance from it. Among some interesting applications that have been 
approached by using gravitational models, we mention the study related to the analysis of 
migratory flow presented in [3], the evaluation of different paths towards urban areas given 
in [12], [1] that is focused on the analysis of the use of car parks and infrastructures, and [8] 
where plans for locating libraries are presented; models based on spatial interaction are 
used in [4] to locate new franchise locations and in [11] for locating manufacturing and 
distribution centers.  
In this work we consider a gravitational model, derived from [5], for finding the optimal 

node for locating new service centres in urban areas. More formally, let G = (V, E) be a 
digraph representing the urban area under study, where V is the set of zones, focused on 
their centroid, and E is the set of arcs representing the interactions (flow) between zones, as 
it is usually considered in the origin-destination (O/D) matrix (see, e.g.[2]). The arc 
connections are derived from the urban transportation network considering the private, 
public and pedestrian modalities. Set V is split into two subsets, namely V1 and V2, such 
that V1 represents the demand nodes and V2 consists of the possible supply nodes. 
Presently, we do not give any restriction about V1 and V2, that is V1 ⊆ V, V2 ⊆ V and V1 ∩ 
V2 ≠ ∅. The problem hence consists in determining in which node j ∈ V2 locate a new 
service with the goal of maximizing the total revenue, expressed in terms of inflow. 
We will present the problem along with its application to the city of Genoa, Italy, where 

there is the need of opening a new rest and food service while evaluating previously 
locative choices about other three service centres of the same type. The urban area of 
Genoa is split into 72 zones, including the harbour. The goal of this work can be more 
precisely expressed as to evaluate the efficiency of the choice of having located three 
service centres at different zones of the city, centre-eastern, middle-eastern, and north, 
respectively, and deciding where to add a new one choosing between zones centre-western 
and centre-southern. The identification of these sites for new locations is derived from an 
evaluation of the efficiency of exchange nodes (expressed in terms of quality and strategic 
level of the nodes)  in the intermodal network of Genoa [9]. A map of the city and the 
related zones will be showed.  
The proposed gravitational model is presented in Section 2, while details about our 

choice for the decision parameters, strongly affected by the urban territory under 
consideration, are given in Section 3. Section 4 reports our preliminary results and some 
outlines for future work. 

2. The proposed gravitational model 
The formulation of the gravitational model given in [5], [7] has the drawback of 
considering only the flow between any pair of O/D nodes without evaluating the impact of 
other possible supply nodes. In particular, if there is the need of analysing the revenue 
resulting from new service centres, the gravitational model still assumes that users are 
going to the same supply nodes as before and also to the new ones, thus not implementing a 
realistic behaviour of the users. For this reason it seems more appropriate to use an origin – 



196 D. Ambrosino, A. Sciomachen 

constrained gravitational model that assumes constant the number of interactions from the 
origin nodes towards different destinations, depending on their distance and attractivity. 
Then, we add to the classical gravitational model the flow capacity constraint saying that 
the outgoing flow from origin node i, must be proportional to the capacity of  node i, ∀ i ∈ 
V1. The flow from i to j is hence given by the total outflow from i, considering both the 
attractivity and the distance from node j, ∀  j ∈ V2. 
We will show that in this way we are able to compute the number of users that will go 

to the service centre located at node j, ∀  j ∈ V2; however, this formulation implies that we 
have to know in advance the flow between any pair of demand and supply nodes.  
In this paper we will consider the aggregate data reflecting the total number of 

interactions at node j, ∀ j ∈ V2, that is the total inflow of each supply node. Then, we will 
refer to the following formulation: 
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where: 
K is an empirically determined constant expressing the proportional ratio between the 
outgoing flow from node i and its capacity; 
Aj  is the attractivity measure of destination node j ∈ V2. Note that, as we will see later, in 
practice a large number of users will go to those supply nodes where an amount of 
qualitative attributes is guaranteed. 
Iij is the number of paths (flow) from the origin node i and the destination node j, that are, 
respectively, the demand and the supply points; 
Oi is a value related to the origin node i expressing the maximum flow capacity of node i; 
Dj is a value related to the destination node  j expressing the maximum flow capacity of 
node j; 
f(dij) is a decreasing function of the distance from the origin node i to destination node j. 
Such function could have different shape according to the problem under consideration. 
Usually, as it is in this work, when gravitational models refer to urban areas a negative 
exponential function in the form f(dij) = e-αdij is used, where α is a parameter that is 
empirically determined.  
Note that (1) gives directly the information about the possible locative choice.  

3. Tuning the parameters of the model 
One of the basic step when using a gravitational model is to choose variables that are able 
to reflect adequately the measures related to both the demand and the supply nodes, such as 
attractivity, distance and flow capacity. Since we are involved with urban transportation 
networks, we consider relevant decision parameters the presence in the neighbourhood of 
node j ∈ V2  of: other service centres (eventually competitors), entertainment factors (that is 
attractive pools as disco, pub, gymnasium, cinema, theatre, games-ground, and so on), job 
(that is workers and employs whose offices or enterprises are located within a walking 
distance from j), study (that is students that go to either university and school), commercial 
street (that is shops, markets, banks, and all sites that could attract people), car parks (we 
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will distinguish between free or payment parking places), pedestrian modality (that is the 
possibility of easily reaching node j by feet). Moreover, we will also consider as other two 
important parameters the visibility of a single service site, in terms for instance of light, 
windows and publicity, and the wideness of the site itself, that in turns implies good choice 
and a lot of services that could be provided to users. 
The next step is to associate with each supply node j ∈ V2 a vector whose components 

are the values derived from the above parameters. In particular, the attractivity of a service 
centre located at node j ∈ V2  will be given by the weighted sum of the m values of the 
considered attributed (in our case m = 9) as follows: 
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Note that each node j ∈ V2 has its own function fj that is independently affected by 
parameter xp, p = 1, …, m.  
Once function fj(xp) is derived ∀ j ∈ V2, we have to compute the components wp, p = 

1,… ,9. We use the following approach. We express all values within the range  [0,…, 10], 
where 10 represents the higher possible value of efficacy of the corresponding parameter, 
and then we proportionally adapt to it all the other evaluations. The resulting parameters 
wp, p = 1, …, 9 with respect to the considered three already located services (L1-L3) and 
the new possible one (L4, L5) are reported in Table 1. We will explain in detail how 
parameters w1 ,….. w9  have been computed.  

Location L1  (C-E) L2  (M-E) L3 (N) L4  (C-W) L5 (C-S) 
W1: concurrent places 3,333 3,333 1,667 10 1,667 
W2: Entertinement 10 9,333 2,222 6.556 4,778 
W3: Work 10 8 6 6 7 
W4: Study 10 8,578 0,521 4,171 7,630 
W5: Visibility 9 7 6 8 8 
W6: wideness 1,074 1,495 6,729 10 10 
W7:Commercial street 10 8 7 9 7 
W8: Pedestrian modality 10 9 8 10 7 
W9: parkings 5 5 10 10 5 

Table 1: parameters for the attractivity of node j∈ V2 

As a further step, once the parameters related to the supply nodes are established, we 
have to derive the measures of interest for the demand nodes and, referring to our case 
study, to the 72 urban zones in which is split the city of Genoa. Our choice has been to 
consider the number of inhabitants in each zone, that ranges from 196 in the harbour to 
28.572 in the north-eastern side of Genoa.  
Then, another step consists in computing the distance between nodes i and j, ∀ i ∈ V1, j 

∈ V2, and including them in the negative exponential function. In order to compute the 
shortest intermodal paths within the urban transportation network we used the algorithm 
presented in [6].  
Finally, the last step is to determine the most appropriate values of parameters K and 

α in (1). We have computed these parameters by using the least square method, that is K 
and α have been chosen in such a way to minimize the sum of the difference between the 
estimate of Dj and the effective value of Dj, denoted Fj, in those service centers that are 
already active. In practice, we solve the following optimization problem: 
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Problem (3) has been solved by using the Newton multi step solver provided by the 
spreadsheet Microsoft Excel. It is worth mentioning that other approaches, as in [10], could 
be also properly used for computing K and α even if the present one is particularly suitable 
for the proposed application. 

4. Computational results 
Results obtained by applying (1) for evaluating the five considered locations together with 
the attractivity of the supply nodes are reported in Table 2.  Values Dj are computed by 
fixing in equation (1) parameter a to 0.119 and K to 1.855.  As you can see the location that 
results to be more attractive is L4  (the centre-western), that is within a shopping centre, 
where there are free car parks, shops, entertainments, wide space and a lot of seats. In this 
rating the second position is for L1, that is located in the commercial and working heart of 
the city, but that it is penalized by the relatively small dimension of the site. Then, L2 and 
L5 have almost the same attractivity evaluation but resulting from opposite aspects; in fact, 
L2 is favorite by its very central location while the advantage of L5 is the large amount of 
available seats. The last position is for L3 that is more peripheral located than the others 
and is not easily reachable by the public and pedestrian transportation networks.  
Another interesting analysis concerns the reachability of the supply nodes, here defined 

for each node j ∈ V2 as the sum of the shortest path costs from all origin nodes i ∈ V1 to j, 
that is ∑ ∈

=
1Vi ijj dR ∀ j ∈ V2 . Moreover, we denote by Nj the number of  zones for which 

node j is the most easily reachable among all nodes belonging to V2. Values Rj (in km) and 
Nj of the supply nodes are reported in Table 3.  

Node Attractivity Dj 
L1 (C-E) 68,408 256495.50 
L2 (M-E) 59,740 241138.28 
L3 (N) 48,139 151609.18 
L4 (C-W) 73,726 273613.10 
L5 (C-S) 58,075 229878.98 

Table 2. The attractivity values of the supply 
nodes. 

Node R j N j  
L1  355,6 7 
L2 363,2 31 
L3  512,5 7 
L4  422,5 21 
L5 362,4 7 

Table 3. Reachability information 
of the supply nodes 

Looking at Table 3 we can observe that the reachability values confirm the previous 
result; in fact L1 is located in a very good position while L3, that is rated last in Table 2 
requires almost 50% more km for being reached by all origin nodes thus confirming its 
peripheral position. Furthermore, L2 is the place that is easier to reach from the majority of 
zones; this reason is that L2 is located on the eastern side of the city where there are many 
zone and inhabitants; moreover, not too many other services are provided there. Note that 
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L3 that has an high value of Rj is the most suitable place for a lot of zones; this is because it 
is located on the west side of the city. Note that in column Nj the sum is 73 and not 72 since 
zone 49 is exactly in between locations L1 and L2.  
From this first analysis we got indications aimed at closing the service centre located in 

the north in favour the other one located in the centre-southern. However, an extensive 
computational experimentation is still in progress aimed at performing a sensitivity analysis 
with respect to parameter K and α and hence to establish the threshold values for which 
locative decision could become critical. We are also thinking at considering different values 
for Oi, ∀ i ∈ V1 that make more suitable to use of gravitational models. 
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