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ABSTRACT 

The improvement of the public services’ performance in Portugal has been on the political agenda since 1980 and has 
led to the launch of the Public Administration Reform Program. This program has evolved throughout the years towards 
a citizen-oriented approach with a concern for service quality. 

Within this reform, the citizen assistance network was established in 1999 with the deployment of the first Lojas de 
Cidadão (meaning Citizen Shops) which promote the concentration of several services on the same facility to improve 
the service quality as well as the citizen’s experience. 

The Administrative Modernization Agency (AMA) – the public institute responsible for the development of 
administrative modernization in Portugal and for managing the aforementioned network – is focused on improving the 
public services’ distribution and, more specifically, in further expanding the current network of 51 citizen shops, to 
increase the proximity between the public administration and the citizens. 

A multi-period hierarchical optimization model is developed to support the decision making related to the location of 
new citizen shops and kiosks in the network. The model has two conflicting objectives of equity and cost; it receives as 
inputs the demand projections, costs involved, and an accessibility measure, and provides as outputs the information 
on where and when to locate each facility, the expected costs, and the equity measure for the network. Finally, the 
applicability of the model is illustrated through the resolution of the case study described. The optimization of the 
current network in terms of equity is also analyzed. 
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1. INTRODUCTION 

Over the years, there has been a general pressure in the 
governance of many member countries of the 
Organization for Economic Co-operation and 
Development (OECD) towards the enhancement of 
public services. In particular, Portugal faces challenges 
such as the need to reform its organization and human 
resources’ management, in order to create an efficient 
public administration, and to meet social demands 
through cost-effective service delivery (OECD, 2013). 

The concern to improve the performance of public 
services has arisen around 1980 and led the Portuguese 
Government to launch a Public Administration reform 
program. Even though Portugal still has challenges to 
overcome, the successive governments have executed 
several modernizing initiatives over the years, some of 
which were considered best practices among the OECD 
countries. One of the milestones accomplished consists 
of the establishment of the Lojas de Cidadão, meaning 
Citizen Shops, which are the Portuguese citizen service 
centers whose concept is to offer several diverse services 
in one place, co-locating different state and private 
entities, aiming to improve the relationship between the 
citizens (or companies) and the public administration, as 
well as the customer experience. 

One of the challenges and objectives for the future, in 
line with the Grandes Opções do Plano (the document 
that delineates the main priorities of the Government 
Program), outlined by the 21st Government, is to expand 
the physical channel of the citizen assistance network. 
Within this context, the Administrative Modernization 
Agency (AMA) must undergo a decision-making process 
regarding the selection of a robust set of long-term 
physical locations for the citizen shops and kiosks, so as 
to maximize the accessibility to all citizens. This process 
is undoubtedly an intricate one as it must take into 
consideration several factors such as the existing 
demand, its distribution, the travel distances/times 
between the citizens and the facilities, the involved costs, 
among others. Facility location decisions are crucial in 
the design of systems for both private and public 
companies. They aim to select the best location for the 
facilities, so that they can meet the customers demand in 
the best way possible while considering the trade-offs 
between costs and customer satisfaction. Thereby, these 
decisions have a significant impact on the organization’s 
cost structure in the long-term, and on the level of 
service it can achieve.  

The present work arises within this context. It is intended 
to inform AMA’s decision, concerning the definition of 
new citizen shops and kiosks’ physical location, in a way 
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that improves citizens’ accessibility to public services. To 
support such decision-making process, a mathematical 
model is developed whose objectives are the 
maximization of equity and minimization of cost. The 
model considers the hierarchical structure inherent to 
the network, and a planning horizon to account for the 
variation of the inputs with time. The model provided the 
information about when and where to locate the 
facilities throughout the planning horizon, an equity 
measure which gives us the information about the 
average time to reach a facility per citizen, the expected 
costs of reorganizing and expanding the network, and 
finally, the facilities’ catchment areas, providing the 
information of which demand points are served by a 
facility. The model is applied to the case study at the 
municipal level in Portugal for the 2018-20123 period. 

The remainder of the paper is organized as follows. 
Section 2 presents a brief literature review on facility 
location problems. Section 3, presents the problem 
under study, and Section 4 presents the proposed model. 
Section 5 describes the key results obtained, and Section 
6 details the conclusions and lines for future research. 

 

2. LITERATURE REVIEW 

2.1. Facility Location Problems (FLPs) 

Practically every company, whether private or public, has 
had to make a decision related to facility location. The aim 
of such decisions is to choose the location that can meet 
the customers demand in the best way possible while 
considering the trade-offs between costs and customer 
satisfaction. Location decisions have a great influence on 
costs and can lead to either increased or decreased 
competitiveness, and thus, the prosperity or failure of 
private and public-sector facilities depends partly on the 
locations chosen for their facilities (Fredriksson, 2017). 

Facility location decisions are crucial strategic planning 
decisions in the design of systems for both private (e.g. 
warehouses, plants, retail facilities, etc.) and public 
organizations (e.g. police and fire stations, ambulances, 
hospitals, post offices, etc.). This is due to the fact that 
these decisions are long-term investments involving high 
costs – they have a long-lasting impact in the operational 
and logistical decisions and comprise high capital 
expenditure in the acquisition and construction of 
infrastructures (Owen & Daskin, 1998). Thus, in order to 
make the investments profitable, the facilities are 
expected to remain in operation for an extended period 
of time, and therefore, when making location decisions, 
we must, not only, evaluate the performance of the 
facilities according to the system’s current state, but also 
ensure that their performance remains lucrative during 
the facility’s existence, and that they efficiently deal with 
change in parameters such as market demand, internal 
and external factors, populations shifts, environmental 
changes, among others. Thereby, defining robust facility 

locations is a demanding task, and it requires the 
decision-maker (DM) to incorporate the uncertainty 
associated with the future into his/her decisions (Arabani 
& Farahani, 2012; Owen & Daskin, 1998). 

The study of the location problem was formally initiated 
in 1909 when Alfred Weber (Weber, 1909) studied how 
to locate a warehouse to minimize the total distance 
between the facility and its several customers. 
Throughout the years, the Facility Location Problem (FLP) 
has been studied within the field of Operations Research, 
with researchers developing algorithms and formulations 
for both the private and public sector. The location theory 
and its applications have been explored in several 
different fields and numerous models have been 
developed (ReVelle & Eiselt, 2005). 

Regardless of the context of the problem, and in spite of 
the differences between formulations and models, there 
are certain key features which, generally, apply to all 
problems: a set of spatially distributed customers whose 
locations are known (demand points/demand nodes), a 
set of candidate facilities to serve the customers whose 
locations have to be determined according to a particular 
objective function, a space in which customers and 
facilities are located,  and a given metric used to measure 
the distances, times or costs between demand points and 
facilities (Melo, Nickel, & Saldanha-da-Gama, 2009). 

Therefore, through the use of such models, according to 
Daskin, (1995) we can answer different questions, such 
as, “(i) How many facilities should be sited?, (ii) Where 
should each facility be located?, (iii) How large should 
each facility be?, and (iv) How should demand for the 
facilities' services be allocated to the facilities?” (p. 3). 
The answers to these questions are deeply related to the 
context of the problem, and to its objective function. On 
the one hand, there are desirable facilities which we want 
to locate the nearest to the customer, as these bring 
advantages to the latter, such as the location of  hospitals; 
on the other hand, other times, we deal with undesirable 
or obnoxious facilities which we want to distance from 
the customers, as these have negative perceived effects, 
or bring disadvantages to the customer, for example, the 
location of waste recycling facilities (Barbati et al., 2016). 

Given the different application of location problems, from 
traditional applications involving warehouses, to power 
plants and landfills, we can hence conclude that modeling 
location problems requires a thorough understanding of 
the context and real-world operations that should be 
incorporated in the model. Nonetheless, as Daskin (1995) 
refers, it isn’t always imperative for the model to reflect 
all the details involved in the real-world operations, as 
this can generate extremely complex models, and, in fact, 
parsimonious models can generally provide better results 
than complex ones. Thus, to determine what should be 
exogenously defined and what should be endogenously 
determined by the model is of great importance. When 
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creating a model, we aim to identify and trace the 
tradeoffs between the objectives, while maintaining a 
comprehensive and flexible approach, reflecting the 
complexity of the real-world operation necessary to 
ensure the credibility of the model (Daskin, 1995). 

2.2. Models’ Applications in the Public Service Sector 

In the context of our study, particular attention is given to 
the models developed within the public sector context as, 
for example, concerning the objectives, problems within 
the public sector have usually different objectives than 
the problems in the private sector. Within the private 
sector, the goals are usually related to profit 
maximization, efficiency, and effectiveness – they seek to 
allocate resources, costs, rewards, or burdens in the most 
efficient or effective way (Serra & Marianov, 2004), and 
the costs and benefits of the investments are usually 
measured in monetary units. On the other hand, within 
the public sector not all the costs and benefits may be 
converted into monetary units (e.g. value of a human life, 
environmental costs of pollution), and besides the 
objectives referred above, the nonmonetary objectives 
often play a key role in this sector (e.g. equity) (Barbati & 
Piccolo, 2016; Cardoso et al., 2015).  

Citizen Service Centers Context 

Regarding problems within the public sector, to our 
knowledge, only one article relating specifically to the 
location of citizen service centers has been published 
(Fredriksson, 2017). The author explores a p-median 
model to determine the optimal spatial location and 
allocation of citizen service centers in São Paulo, Brazil 
and in Sweden. Besides presenting the model, the author 
argues that location-allocation analysis can also be used 
as a tool to increase transparency in the allocation 
decisions; the author claims that using publicly available 
data to perform the optimization increases the 
transparency, as the analysis may be replicated by 
anyone who intends to. Furthermore, the author 
introduces different public services misallocation metrics; 
these misallocation metrics are defined as the difference 
between the actual distance to the public service, and the 
distance if the optimal solution were implemented. 
Moreover, the misallocation metrics can be defined at 
different levels of aggregation and, thus, allow us to 
compare the access to public services among different 
countries, regions, municipalities, etc.  

Fire Protection Context 

Van den Berg, et al. (2017) developed a mathematical 
programming model to determine the optimal locations 
of the vehicle base stations for a city’s fire department in 
the Netherlands, and to optimally distribute the different 
firefighter vehicle types over the base stations. The 
authors use a maximal covering model, driven by practical 
considerations, such as the existence of base locations 
that cannot be relocated, the inclusion of multiple vehicle 
types, as well as a set of firefighters that include a mixture 

of both professional and volunteer firefighters. The 
model’s objective is to maximize the coverage provided 
by all the different vehicle types, considering that a 
demand point is said to be covered if the closest vehicle 
of the appropriate type is within the given target 
response-time.  

Health Care Context 

In the health care context, Cardoso et al. (2016) built a 
model to support planning decisions in the Long-Term 
Care (LTC) sector, proposing a multi-objective and multi-
period mathematical programming model with the aim to 
move towards an equitable provision of care. Specifically, 
the model aids planning decisions in the medium-term, 
regarding location and capacity planning, and it 
incorporates a time component, which allows for the 
adjustment of LTC provision over time (when and where 
to locate the different LTC services). One of this model’s 
particularity is the fact that it incorporates three equity-
related objectives and measures: equity of access, 
geographical equity, and socio-economic equity.  Besides 
the equity related objectives mentioned, the model also 
takes into consideration the associated costs. The 
multiple objectives included in the model are scaled into 
a common unit through weights, which are defined in a 
transparent way with the decision-makers.  

 

3. HIERARCHICAL LOCATION AND PLANNING MODEL  

3.1. Problem Definition 

This work proposes a model to assist in the network 
planning of public facilities. The model is developed 
within the public-sector context, whose goals commonly 
concern the promotion of equity in access to public 
services. Thus, decision makers must comprehensively 
plan the distribution and location of the services in 
accordance to the population needs and to pursue these 
objectives while minimizing the expected costs. The 
model proposed in this work is generic, but when 
appropriate and/or required, consider some of the 
particularities inherent to the problem under study. 

 The problem may be summarized in the following way: 

Given: 

• The network of potential locations for the facilities; 

• The planning horizon; 

• The location of the citizens; 

• The accessibility measure (travel time between each 
pair of entities); 

• The demand of each location in each time period; 

• The investment cost of a higher- and lower-level 
facility in each location and time period; 

• The unit operational cost of serving a citizen; 

• The annual fixed cost of maintaining a facility; 

• The cost of closing an existing higher- and lower-level 
facility in each location and time period. 
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Determine: 

• The network structure at each time period, specifying 
when and where to locate each new facility, and 
which facilities to close; 

• The flow from each demand point to the facilities at 
each period; 

• The total expected costs derived from the expansion 
and reorganization of the network; 

• The value of the equity measure; 

In order to: 

• maximize the equity of the citizens in accessing these 
services and at the same time, to minimize the total 
expected costs of the changes made to the network. 

The model was created with the aim to inform the 
decision making of the location of the Portuguese citizen 
service centers (citizen shops) and kiosks. As such, the 
general framework of the model is detailed below. 

3.2. Model Characterization 

As presented in Figure 1, the model considers that the 
network operates in a two-level hierarchy: the lower level 
facilities, the kiosks, and the higher-level facilities, the 
citizen shops. 

 The lower level facilities provide a set of less specialized 
services, that represent a share of the services provided 
at the CSs, and that do not require human resources; the 
aim of these facilities is to create a capillary network to 
be closer to the population. The higher-level facilities, the 
citizen shops, provide the complete set of services, which 
include the services offered at the kiosks, as well, as a set 
of more specialized services, and those services in which 
a face-to-face interaction is necessary.  

Figure 2 illustrates the general framework of the model. 
The model uses as inputs, information on demand 
(population projections and demand trends), cost and 
access measures. Additionally, a hierarchical structure is 
used along with a planning horizon. 

Due to the hierarchical structure of the network, there is 
a potential flow from the kiosks to the citizen shops 
(identified with the dashed arrow in Figure 1), which 
refers to the share of citizens who cannot see their 
requirements met at their visit to a kiosk, and, thus, must 
travel to a CS to be served. Regarding the planning 
horizon, the latter can be divided according to the 
preference of the DMs, into as many time periods (sets of  

  
years, for example) as desired. For each of the sets of 
time, the parameters that vary with time are estimated, 
such as the population, demand, educational level of the 
population, among others. 

For addressing the tradeoffs between improving access 
and minimizing the costs of expanding and reorganizing 
the network, a bi-objective location-allocation model is 
developed, which will be further explained in section 4.2. 
As outputs, the model will provide the location of the 
facilities at each period, an equity measure, the total 
expected costs, and the facilities catchment areas (which 
consists of the demand points which are served by a 
certain facility). 

Regarding the first level of the framework (Figure 2), the 
population projections by age, educational level and 
place of residence help us to better understand and 
predict the evolution of the population within each age 
and educational level group, in order to capture its effect 
on the demand, since these are two of the main factors 
that impact the demand of this physical network. 

Concerning the calculation of the demand, which refers 
to the number of visits made to the facilities, the total 

demand of each demand point 𝑖 and time 𝑡, 𝐷𝑖
𝑡, is divided 

into two parts: the kiosks’ demand, 𝐷𝑄𝑖
𝑡  , and the CSs’ 

demand, 𝐷𝐿𝑖
𝑡. The kiosk demand is calculated through the 

equation 𝐷𝑄𝑖
𝑡 =  𝛼𝑖

𝑡 𝐷𝑖
𝑡 , being 𝛼𝑖

𝑡 the proportion of the 
population from demand point 𝑖 that will be served at a 
kiosk in time 𝑡.  Thus, the demand of a kiosk in a certain 
location is a percentage of the total demand for the same 
location. On the other hand, the CS demand in location 𝑖 
and time 𝑡 for citizen shop 𝑗, is calculated through the 

formula 𝐷𝐿𝑖
𝑡 =  (1 − 𝛼𝑖

𝑡) 𝐷𝑖
𝑡 ,  translating that the 

population that is not served at a kiosk will be served at a 

CS, (1 − 𝛼𝑖
𝑡) 𝐷𝑖

𝑡 . 

The parameter 𝛼𝑖
𝑡 is estimated based on the age and 

educational level of the population the use of the 
presential channel instead of the online channel, for 
example, is mainly related to the latter reasons. The 
estimation of the parameter is also based on the 
expected percentage of the full set of services that may 
be completed in the kiosk. With this in mind, the kiosks’ 
demand of a certain location 𝑖 depends on the proportion 

Figure 2 - Generic location-allocation model framework 

Figure 1 - Scheme of the network's structure 
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of people with an age below 65 years in that specific 

demand point (𝑎𝑔𝑒𝑖
𝑡), on the proportion of the 

population with an educational level equal or higher to a 

primary level of education (𝑒𝑑𝑢𝑖
𝑡), and on the percentage 

of the full set of services which is offered at kiosks (𝑆).   

In light of this, and in order to help us estimate the 
parameter 𝛼𝑖

𝑡, a matrix plotting educational level versus 
age was built (Figure 3). In this matrix we cross the 
educational level with the age of the population to 
determine which is the expected preferred facility of each 
segment of the population. For example, younger 
population with a higher level of education are more 
likely to visit a kiosk rather than a CS, on the other hand, 
people with an advanced age and a lower level of 
education, are more likely to prefer to visit a CS. 
Additionally, the population groups that have a higher 
educational level and an advanced age, and the 
population groups which have a younger age and a lower 
education are expected to visit either a kiosk or a CS, with 
the same probability (50% probability for either option).  

Having understood this, we can estimate the parameter, 
𝛼𝑖

𝑡 through equation (1). 

𝛼𝑖
𝑡 = [𝑎𝑔𝑒𝑖

𝑡 𝑒𝑑𝑢𝑖
𝑡 +  

 𝑎𝑔𝑒𝑖
𝑡(1 −  𝑒𝑑𝑢𝑖

𝑡) + (1 − 𝑎𝑔𝑒𝑖
𝑡)𝑒𝑑𝑢𝑖

𝑡

2
 ] ∗ 𝑆 (1) 

This equation corresponds to the sum of the population 
in each quadrant which will use the kiosks (the shadowed 
area in Figure 3 – 1st quadrant, half of the 2nd, and half 
of the 4th), multiplied by the parameter 𝑆 to account for 
the percentage of services offered in the kiosk 
(comparing to the complete set of services offered at 
CSs). As one may observe, it is considered that the 
population on the 2nd and 4th quadrant will opt for 
visiting a kiosk half of the time and opt for visiting a CS the 
other half of the time. Furthermore, it is important to 
note that the sum of the four quadrants is equal to the 
total demand of a location, at a given period.  

3.3. Mathematical Formulation of the Model 

The model notation is organized into the sets, parameters 
and variables described in Table 1.  

Table 1 - Model's Notation 

Notation Description 
Sets  

𝑡 𝜖 𝑇 
Set of time periods in which the planning 
horizon is dived 

𝑖 𝜖 𝐼 Set of demand points 
𝑗 ∈ 𝐽 Set of potential locations for citizen shops 
𝐽0 ∈ 𝐽 Set of citizen shops initially existing 

𝐽𝑐 ∈ 𝐽 
Set of citizen shops that are not opened at 
the initial moment 

𝐽𝑚 ∈ 𝐽 
Set of citizen shops initially existing and that 
must be kept open 

𝑘 ∈ 𝐾 Set of potential locations for kiosks 
𝐾0 ∈ 𝐾 Set of kiosks initially existing 

𝐾𝑐 ∈ 𝐾 
Set of kiosks that are not opened at the 
initial moment 

𝐾𝑚 ∈ 𝐾 
Set of kiosks initially existing and that must 
be kept open 

Parameters 

𝑑𝑖𝑠𝑖𝑗
1   𝑑𝑖𝑠𝑖𝑗

2  
Average travel time from demand point 𝑖 to 
citizen shop 𝑗 / to kiosk 𝑘  

𝑑𝑖𝑠𝑘𝑗
3   

Average travel time from kiosk 𝑘 to citizen 
shop 𝑗 

𝑎𝑔𝑒𝑖
𝑡  

Proportion of the population with an age 
below 65 years in demand point 𝑖 

𝑒𝑑𝑢𝑖
𝑡 

Proportion of the population with an 
educational level equal or higher to primary 
education in demand point 𝑖 

𝐷𝑖
𝑡 Total demand in location 𝑖 and time 𝑡 

𝑆  
Percentage of the full set of services which 
is offered at kiosks 

𝛼𝑖
𝑡 

Proportion of the population from demand 
point 𝑖 that will be served at a kiosk in time 
𝑡 

𝐷𝐿𝑖
𝑡    𝐷𝑄𝑖

𝑡  
Demand in location 𝑖 and time 𝑡 for citizen 
shop 𝑗 / for kiosk 𝑘 

𝑦𝑒𝑎𝑟𝑡  Number of years of time period 𝑡 

𝛾𝑡 

Share of citizens who cannot solve their 
problem in their visit to a kiosk, and must 
travel to a CS, in each period 

𝐼𝐶𝐿𝑗
𝑡   𝐼𝐶𝑄𝑗

𝑡 
Investment cost in a new citizen shop (𝑗 ∈
𝐽𝑐) / kiosk (𝑘 ∈  𝐾𝑐) in time 𝑡 

𝑓𝑂𝐶𝐿𝑗
𝑡   𝑓𝑂𝐶𝑄𝑘

𝑡  
Annual fixed operational cost for providing 
service in citizen shop 𝑗 / kiosk 𝑘 in time 𝑡 

𝑣𝑂𝐶𝐿𝑗
𝑡   𝑣𝑂𝐶𝑄𝑘

𝑡  

Variable operational cost (unit cost) for 
providing service to one citizen in citizen 
shop 𝑗 / kiosk 𝑘 in time 𝑡 

𝐶𝐶𝐿𝑗
𝑡 𝐶𝐶𝑄𝑘

𝑡  
Cost of closing an existing citizen shop (𝑗 ∈
𝐽𝑜) / kiosk (𝑘 ∈  𝐾0) in time 𝑡 

Variables 

Binary Variables 

𝑋𝐿𝑗
𝑡   𝑋𝑄𝑘

𝑡  
Equal to 1 if citizen shop/kiosk is located at 
site 𝑗/𝑘 in time 𝑡; 0 otherwise 

Positive Variables 

𝐹𝐿𝑖𝑗
𝑡   𝐹𝑄𝑖𝑘

𝑡  
Flow from demand point 𝑖 to citizen shop 𝑗 
/ kiosk 𝑘 in time 𝑡 

𝐹𝑄𝐿𝑘𝑗
𝑡  Flow from kiosk 𝑘 to citizen shop 𝑗 at time 𝑡 

As the model departs from the current status of the 
network, decisions regarding the opening or closing of 
facilities are not allowed at the beginning of the planning 

Figure 3 - Age versus Educational Level Matrix 



6  

(3) 

horizon and the variables associated with these decisions 
are initialized in the first time period (𝑡 = 1). Facilities 
that are not initially operating are declared as closed 
(𝑋𝐿𝑗

1 = 0     ∀ 𝑗 ∈  𝐽𝑐  ∧  𝑋𝑄𝑘
1 = 0     ∀ 𝑘 ∈  𝐾𝑐). On the other 

hand, facilities that are initially operating are declared as 
opened (𝑋𝐿𝑗

1 = 1     ∀ 𝑗 ∈  𝐽𝑜   ∧  𝑋𝑄𝑘
1 = 1     ∀ 𝑘 ∈  𝐾𝑜).  

 

Furthermore, the model also considers that there is a set 
of initially existing facilities that must be kept opened 
during the planning horizon (𝑋𝐿𝑗

𝑡 = 1     ∀ 𝑗 ∈  𝐽𝑚   ∧

  𝑋𝑄𝑘
𝑡 = 1     ∀ 𝑘 ∈  𝐾𝑚, 𝑡 ∈ 𝑇).  

The mathematical programming formulation of the 
model is defined by the objective functions (2) and (3) and 
constraints (4) – (17).

 

Min ∑ ∑ (∑ 𝑑𝑖𝑠𝑖𝑗
1  𝐹𝐿𝑖𝑗

𝑡  

𝑗 ∈𝐽

+ ∑ 𝑑𝑖𝑠𝑖𝑘
2  𝐹𝑄𝑖𝑘

𝑡  

𝑘 ∈ 𝐾

) +  ∑ ∑ ∑ 𝑑𝑖𝑠𝑘𝑗
3  𝐹𝑄𝐿𝑘𝑗

𝑡  

𝑡 ∈ 𝑇𝑗 ∈ 𝐽𝑘 ∈ 𝐾𝑡 ∈ 𝑇𝑖 ∈ 𝐼

 
(2) 

Min ∑ 𝑦𝑒𝑎𝑟

𝑡 ∈ 𝑇

𝑡

(∑ 𝑓𝑂𝐶𝐿𝑗
𝑡  𝑋𝐿𝑗

𝑡

𝑗 ∈ 𝐽

 + ∑ 𝑓𝑂𝐶𝑄𝑘
𝑡  𝑋𝑄𝑘

𝑡

𝑘 ∈ 𝐾

) + 

+  ∑ 𝑦𝑒𝑎𝑟

𝑡 ∈ 𝑇

𝑡

{∑ 𝑣𝑂𝐶𝐿𝑗
𝑡

𝑗 ∈ 𝐽

(∑ 𝐹𝐿𝑖𝑗
𝑡

𝑖 ∈ 𝐼

+ ∑ 𝐹𝑄𝐿𝑘𝑗
𝑡

𝑘 ∈ 𝐾

) +  ∑ ∑ 𝑣𝑂𝐶𝑄𝑘
𝑡  𝐹𝑄𝑖𝑘

𝑡

𝑘 ∈ 𝐾𝑖 ∈ 𝐼

}                       

+ ∑ ( ∑ (𝑋𝐿𝑗
𝑡 − 𝑋𝐿𝑗

𝑡−1) 𝐼𝐶𝐿𝑗
𝑡

𝑗 ∈ 𝐽𝑐

+ ∑ (𝑋𝑄𝑘
𝑡 − 𝑋𝑄𝑘

𝑡−1) 𝐼𝐶𝑄𝑗
𝑡

𝑘 ∈ 𝐾𝑐

)

𝑡 ∈ 𝑇∖{1} 

+ ∑ ( ∑ (𝑋𝐿𝑗
𝑡−1 − 𝑋𝐿𝑗

𝑡)𝐶𝐶𝐿𝑗
𝑡

𝑗 ∈ 𝐽𝑜

+ ∑ (𝑋𝑄𝑘
𝑡−1 − 𝑋𝑄𝑘

𝑡 )𝐶𝐶𝑄𝑘
𝑡

𝑘 ∈ 𝐾𝑜

)

𝑡 ∈ 𝑇∖{1} 

 

Subject to: 

∑ 𝐹𝐿𝑖𝑗
𝑡

𝑗 ∈ 𝐽

= 𝐷𝐿𝑖
𝑡     ∀ 𝑖 ∈ 𝐼, 𝑡 ∈ 𝑇 (4) 

∑ 𝐹𝑄𝑖𝑘
𝑡

𝑘 ∈ 𝐾

= 𝐷𝑄𝑖
𝑡     ∀ 𝑖 ∈ 𝐼, 𝑡 ∈ 𝑇 (5) 

∑ 𝐹𝑄𝐿𝑘𝑗
𝑡

𝑗 ∈ 𝐽

= 𝛾 ∑ 𝐹𝑄𝑖𝑘
𝑡

𝑖 ∈ 𝐼

     ∀ 𝑘 ∈ 𝐾, 𝑡 ∈ 𝑇 (6) 

∑ 𝐹𝐿𝑖𝑗
𝑡

𝑖 ∈ 𝐼

≤ 𝑋𝐿𝑗
𝑡  𝑀1   ∀  𝑗 ∈ 𝐽, 𝑡 ∈ 𝑇 (7) 

∑ 𝐹𝑄𝑖𝑘
𝑡

𝑖 ∈ 𝐼

≤ 𝑋𝑄𝑗
𝑡 𝑀2   ∀  𝑘 ∈ 𝐾, 𝑡 ∈ 𝑇 (8) 

∑ 𝐹𝑄𝐿𝑘𝑗
𝑡

𝑘 ∈ 𝐾

≤ 𝑋𝐿𝑗
𝑡 𝑀3   ∀  𝑗 ∈ 𝐽, 𝑡 ∈ 𝑇 (9) 

∑ 𝐹𝑄𝐿𝑘𝑗
𝑡

𝑗 ∈ 𝐽

≤ 𝑋𝑄𝑗
𝑡  𝑀4   ∀  𝑘 ∈ 𝐾, 𝑡 ∈ 𝑇 (10) 

𝑋𝐿𝑗
𝑡−1 ≤  𝑋𝐿𝑗

𝑡      ∀ 𝑗 ∈ 𝐽𝑐 , 𝑡 ∈  𝑇 ∖ {1} (11) 

𝑋𝑄𝑘
𝑡−1 ≤  𝑋𝑄𝑘

𝑡      ∀ 𝑘 ∈ 𝐾𝑐 , 𝑡 ∈  𝑇 ∖ {1} (12) 

𝑋𝐿𝑗
𝑡−1 ≥  𝑋𝐿𝑗

𝑡      ∀ 𝑗 ∈ 𝐽𝑜, 𝑡 ∈  𝑇 ∖ {1} (13) 

𝑋𝑄𝑘
𝑡−1 ≥  𝑋𝑄𝑘

𝑡      ∀ 𝑘 ∈ 𝐾𝑜, 𝑡 ∈  𝑇 ∖ {1} (14) 

𝑋𝐿𝑗
𝑡  ≤ ∑ 𝐹𝐿𝑖𝑗

𝑡

𝑖 ∈ 𝐼

   ∀  𝑗 ∈ 𝐽, 𝑡 ∈ 𝑇 (15) 

𝑋𝑄𝑘
𝑡  ≤ ∑ 𝐹𝑄𝑖𝑘

𝑡

𝑖 ∈ 𝐼

   ∀  𝑘 ∈ 𝐾, 𝑡 ∈ 𝑇 (16) 

𝑋𝐿𝑗
𝑡  𝑋𝑄𝑘

𝑡 ∈ {0,1},   𝐹𝐿𝑖𝑗
𝑡   𝐹𝑄𝑖𝑘

𝑡   𝐹𝑄𝐿𝑘𝑗
𝑡 , 𝑀 ≥ 0 

∀ 𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽, 𝑘 ∈ 𝐾, 𝑡 ∈ 𝑇 
(17) 

The model considers two objective functions related to 
equity of access and cost. Objective (2) minimizes the 
expected travel time to reach a CS and a kiosk, 
respectively, weighted by demand, to maximize the 
population’s equity of access. Objective (3) minimizes the 
total expected costs of reorganizing the network. The 

first element concerns the expected fixed annual 
operation costs that result from owning an 
infrastructure, such as the depreciation of the building 
and equipment. These costs are fixed and are 
independent of the number of people that are served by 
the facility. On the other hand, the second element 
relates to the variable operation costs that result from 
the daily activities concerning the use of resources to 
deliver the services and which are proportional to the 
number of citizens served at each facility (flow that 
arrives at each shop and kiosk). The third element 
computes the capital costs associated with the 
investment of opening a new facility (CS and kiosk, 
respectively) and finally, the fourth element accounts for 
the costs related to the closing of an existing facility. 

When pursuing the two objectives, as these are 
conflicting objectives, a key matter is the impossibility of 
finding an optimal solution in which all the objectives 
reach their individual optima (Cardoso et al., 2016). In 
other words, as the objectives conflict, it is not possible 
to improve one objective without compromising the 
value of the second objective. As an example, departing 
from the current network, it’s not possible to decrease 
the distance of the citizens to the facilities without 
investing in new facilities, and thus increasing the cost 
(declination of the cost objective). On the other hand, it 
is not possible to reduce the costs, without increasing the 
distance that separate the citizens and the facilities. 

Demand and flow conservation: Constraints (4)-(5) ensure 
demand satisfaction and flow conservation, meaning 
that, in each period, all demand must be considered as 
satisfied by a CS (4), or by a kiosk (5).  Eq. (6) establishes 
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the ascendant flow from kiosk 𝑘 to CS 𝑗, as a share of the 
total flow that arrives at kiosk 𝑘, in each period.   

Assignment: Constraints (7) and (8) ensure that the flow 
from a demand point to a facility only exists when the 
facility is located, and similarly, constraints (9) and (10)  

ensure that a flow between two facilities also only exists 
if both the facilities are located. It is important to note 
that M1, M2, M3 and M4 are sufficiently large positive 
numbers so that the constraints are always satisfied. 

Opening and closure of facilities: Constraints (11) and (12) 
concern the location of new facilities that may open 
during the planning horizon (j ∈ Jc and k ∈ Kc). They 
state that new facilities may open, but once opened, they 
must remain opened through the planning horizon 
(respectively for CSs and kiosks). Constraints (13) and (14) 
relate to the location of initially existing facilities (𝑗 ∈ 𝐽𝑜  
and 𝑘 ∈ 𝐾𝑜), and state that these may close, yet once 
closed, they cannot be reopened (for CSs and kiosks). 

Auxiliary constraints: Constraints (15)-(16) are auxiliary 
constraints which ensure that when a facility is located, 
there is necessarily a flow that arrives at this location. 

Integrality and non-negativity constraints: Constraint (17) 
are standard integrality and non-negativity constraints. 
 

4. CASE STUDY 
In this section we apply the model to the case under study 
to illustrate how it can support planning decisions in the 
public sector. Specifically, the model is applied to the 
municipality level in Portugal to the citizen service 
center’s network in the 2018-2023 period. Nonetheless, 
the model can be run for a longer planning horizon. 

4.1. Citizen Shops (CSs) 

The citizen assistance network is currently composed of 
three different types of channels: face-to-face, online and 
for digital service support.  

Regarding the face-to-face channel – the focus of this 
paper – in 1999, the two first CSs were established in 
Lisbon and in Porto. These CSs are citizen service centers, 
whose concept is to offer several different public services 
in one place, co-locating different state and private 
entities, enabling the customers to resolve different 
errands with different entities, in the same space, and to, 
hopefully, enable them to resolve all errands in one visit. 
The integrated model provides comfort and convenience 
to the citizens, by avoiding cost in terms of time and 
travel, and, on the other hand, it offers advantages to the 
entities, as they can share resources, infrastructures, and 
platforms, driving efficiency and cost reduction. From 
1999 through December 2017, the CSs network has 
provided services to more than 155 million citizens (AMA, 
2016). Concerning the management of the shops’ 
network, this responsibility was conceded to AMA in 2007 
when this agency was created.  

4.2. Problem Statement 

There are currently 51 CSs located in Portugal which 
provide a variety of public services to citizens. However, 
the current network of citizen shops is not evenly 
distributed throughout Portugal: some districts have as 

many as 8 CSs while some only have 1. Analyzing the data, 
namely the number of CSs and citizens per district, we can 
observe that there is an inequity of access between the 
citizens, meaning that the average travel time to reach a 
CS varies significantly among the inhabitants. This paper 
arises to respond to one of the challenges and objectives 
for the future of the Portuguese public services, in line 
with the Grandes Opções do Plano, outlined by the 21st 
Government, to expand the physical channel of the 
citizen assistance network. The aim of this paper is thus 
to facilitate the decision of the DMs, with the aim of 
selecting a robust set of long-term physical locations for 
the CSs and kiosks that make up the physical assistance 
network, so as to maximize the accessibility to all citizens, 
improve the distribution quality of the public services, 
and increase the proximity to the citizen thus, improving 
the equity in the provision of such services to all citizens. 
Therefore, the analysis of the trade-off between a 
network that strives for proximity, and equity for the 
client and at the same time is economically sustainable is 
of great importance. 

In order to apply the model to the case study, it was 
necessary to collect and treat the input data. However, 
this was difficult task as the data available was severely 
scarce. Thus, when available, the input parameters were 
estimated based on data provided by AMA, however, 
given the lack of data, several parameters were estimated 
based on benchmark analyses performed. 

4.3. Results  
The model previously described was developed as a 
multi-objective hierarchical model with the aim to build a 
Pareto curve with the Pareto solutions, in other words, a 
curve with the nondominated solutions which imply that 
an improvement in one objective is only possible with the 
deterioration of at least one of the other objectives. 
Nevertheless, due to time and computational restrictions 
this was not feasible as the model had a large number of 
variables (1 051 674) and, therefore, took an extremely 
long time to identify the Pareto solutions. 
Given the above-mentioned restrictions, it was decided 
to use the model and the data previously described to 
study different scenarios.  
Thereby, the analysis of the results stemmed from two 
different type of analysis carried out: 

I. Comparison of the current state of the network, 
with an optimized state of the current network in 
terms of equity; 

II. Minimization of the total travel time given different 
budget levels defined. 
4.3.1. Comparison of the Current Network with the 

Optimized Current Network 
The first analysis performed was the comparison between 
the current network of CSs and the hypothetical 
optimized current network. The hypothetical optimized 
current network is the network that would result from 
locating CSs in the same number of municipalities (50) but 
giving the model total freedom to choose these locations 
with the aim to maximize the equity of access. For this 
analysis, the costs were not considered, as the main 
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Table 2 - Distribution of the population and weighted average travel time per travel time interval: comparison between the 
current network (CN) and the optimized current network (OCN)

objective was to compare the networks in terms of equity 
in order to understand what the potential benefit of 
having the current network optimized could be. 
Weighted average travel time per citizen 
Above in Table 2 the information about the citizens’ travel 
time, both in the current and optimized networks, is 
summarized. The table presents four different travel time 
intervals, the number of citizens who belong to each time 
interval (and the percentage they represent of the total 
demand), and the weighted average travel time for the 
citizens in that travel time interval, for both networks. 
Furthermore, the table provides information regarding 
the comparison between the networks. 
As shown in Table 2, for example, in the current network 
each citizen must travel, on average, 21,89 minutes to 
arrive to a CS, whereas in the optimized current network 
each citizen must travel a shorter time of 16,29 minutes, 
on average. This represents a decrease of 20,10% of the 
weighted average travel time per citizen in relation to the 
current network.  

4.3.2. Model’s Solutions considering Different 
Budget Restrictions 

This subsection answers the planning question: how 
should the current network of CSs and kiosks evolve so 
that equity is maximized, given different levels of budget?  
To define the budget levels to be studied, the model was 
ran first with no budget restriction, in order to determine 
the maximum level of equity that could be reached. This 
solution corresponds to the opening of all the CSs, one in 
each of the 278 municipalities (since there is no limitation 
to this number) and the opening of the maximum number 
of kiosks allowed, 160. It results in a weighted average 
travel time per citizen of 14,79 minutes and an 
approximate total cost of 419 million euros. Thereafter, 
the model was ran minimizing the total cost, resulting in 
the minimum cost of the network of approximately 167 
million euros, which would correspond to the 
hypothetical situation of closing all the facilities, except 
for one that would serve all citizens. Both these scenarios, 
of opening or closing all the facilities are unrealistic, 
nevertheless, they are important to determine the 
minimum and maximum values of each variable. It is 
important to note that the for the lowest cost of the 
network with only one CS located, the weighted average 
travel time was not determined due to time and 
computational restrictions, as in order to minimize both 
the cost and the traveled time, a large amount of time is 

required. Nonetheless, given the upper and lower bound 
defined for the cost, the first level of budget defined was 
of 295 M€, which is the level equally distant from the 
minimum and maximum cost, which were considered to 
be 170 and 420 M€, respectively. Thereafter, two more 
budget levels in between the three existing ones were 
defined, forming three equal cost intervals. Hence, the 
budget levels defined were 232,5M€, 295 M€ and 357,5 
M€. Running the model for the three defined budgets 
resulted in solutions which were mapped and can be 
observed in Figure 4. Solution A corresponds to the 
maximum hypothetical improvement of the equity 
measure for the network (minimum weighted average 
travel time). Solution B, C and D correspond to the 
solutions for the budgets of 357,5 M€, 295 M€ and 232,5 
M€, respectively.  

 
Figure 4 - Set of model's solutions for the defined budget levels 

As previously mentioned, the attainment of the Pareto 
curve was not viable, and thus, the solutions presented in 
Figure 4 may be dominated solutions. In other words, for 
example, for a budget of 357,5M€ (solution B), the 
weighted average travel time per citizen (WATTPC) 
resulted in 14,86 min; since this solution may be 
dominated, it means that there might be a solution which 
reaches the same WATTPC of 14,86 min but with a lower 
cost. The hypothetical solution that would reach 14,86 
min of WATTPC and the minimum cost to do so, would be 
the non-dominated solution.  

Analyzing the graph, we can conclude that an increase of 
the budget from 232,5 to 295 M€ has a greater impact on 
the weighted average travel time per citizen, than an 
increase of the budget from 295 M€ to 357,5M€. This fact 
may be explained through the definition of marginal 
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benefit. A marginal benefit represents the increase in 
total benefit when a unit of product is produced or 
consumed, in this case, the product being monetary units 
(Zhang, Cao, Liu, & Huang, 2016). In accordance with the 
principle of marginal benefit, the marginal benefit 
decreases as the consumed product increases. As such, 
when the equity of access of the network is relatively 
high, there is little benefit in adding a new facility. On the 
other hand, when the network’s equity of access is 
relatively low, adding a new facility can result in a large 
benefit. 

Analyzing Figure 4 we can observe that the budget 
increment from solution D to solution C results in an 
improvement from 16,30 min to 15,18 min in the 
WATTPC, which corresponds to a decrease of 6,86% of 
the WATTPC. Moreover, the budget increment from 
solution C to solution B results in an improvement from 
15,18 min to 14,80 min, which corresponds to a smaller 
decrease of the WATTPC, of 2,13%.  

4.4. Sensitivity Analysis  

In order to test the impact of the variation of certain 
parameters in the number and location of the facilities, in 
the cost structure, and in the recommendations resulting 
from the model, a sensitivity analysis was performed 
allowing us to comprehend the greater or less sensitivity 
of the solutions to the variation of the analyzed 
parameters. 

Due to the reasons of computational time, it was decided 
to perform the sensitivity analysis for the budget level of 
295 M€ (solution C). Thus, from hereafter, this scenario 
will be identified as the base scenario, and thereby, the 
values henceforth presented are a comparison relatively 
to the base values used in the base scenario (solution C). 

As described the parameters were estimated given the 
historical data (when available) and based on the current 
defined strategy for the network. Nevertheless, several 
parameters were estimated based on benchmark analysis 
due to the lack of data provided. Hence, it is important to 
analyze how the variation of the key input parameters 
impact the solutions generated by the model.  

The first sensitivity analysis performed is related to the 
expected increase (or decrease) of the total demand of 

the network (𝐷𝑖
𝑡). Additionally, analyzing the network 

cost structure, we concluded that the most critical 
component of cost due to its proportion of the total cost 
is the variable operational cost for the CSs (𝑣𝑂𝐶𝐿𝑗

𝑡). 

Thereby, we performed a sensitivity analysis for each of 
the parameters. In each one of the analyses, the 
remaining input parameters of the base scenario are 
maintained.  

Concerning the demand, variations of the predicted 
demand variation between -2% and 6%, would have a 
considerable impact on the number of CSs opened, 
namely causing an increase to 122 (+13%) and a decrease 
to 90 (-17%), respectively, from the baseline total number 
of 108. 

The variation of the CSs variable operational costs in 5%, 
both negatively and positively, would also have a 

considerable impact on the number of CSs opened, 
namely causing an increase to 115 (+7%) and a decrease 
to 100 (-7%), respectively, from the baseline total number 
of 108. 

The variation of the CSs variable operational costs have a 
greater impact on the WATTPC than the variation of the 
predicted demand variation. Namely, for variations of 2% 
of the variable cost, the impact in the WATTPC was of 
0,19% for both positive and negative variations. For 
variations of 5%, the maximum impact was of +0,56% on 
the WATTPC, and of -0,30%. The variation of the value of 
the weighted average travel time remains approximately 
constant despite the demand variations, having the 
maximum increase (declination) of 0,71%. 

Given the sensitivity analysis and the observed variations, 
it is recommended that the estimation of the parameters 
be analyzed to a fuller extent, since as observed, even 
small variations of the parameters have a considerable 
impact in the solution recommended by the model.  

 

5. FINAL REMARKS AND FUTURE WORK 

The improvement of the performance of public services 
in Portugal has been on the political agenda since 1980 
and has led to the launch of the Public Administration 
reform program. This program has evolved throughout 
the years towards a citizen-oriented approach. 

Supported by the literature review, a multi-period 
hierarchical optimization model is developed to support 
the decision making related to the location of new citizen 
shops and kiosks in the network. The model was 
presented as having a hierarchical structure with lower-
level facilities, the kiosks, and higher-level facilities, the 
citizen shops. The model was developed with the goal to 
define which lower and higher-level facilities to locate 
and when (during the planning horizon), to maximize the 
equity of access while minimizing the expected costs of 
the network’s alterations. The equity of the population 
was measured through the weighted average travel time 
per citizen.  

The tradeoffs between equity of access and cost, were 
addressed by mapping the model’s solutions obtained 
from defining different budget levels, which provides the 
decision makers alternative solutions for planning, each 
of which can be further analyzed in the future if wanted. 
The model integrates a planning horizon allowing for the 
decisions of reorganization and expansion of the network 
to be phased throughout time. 

This work contributes to the location of public facilities by 
addressing the planning of citizen service centers in the 
presence of a hierarchical structure, a planning horizon, 
and considering several features relevant in many real-
world applications. The application of the model to the 
case study illustrates its applicability to a real-world 
context problem and demonstrates the nature of the 
results which can be obtained with the model.  

Two types of analyses were carried out: a comparison in 
terms of equity of the current state of the network, with 
an optimized state of the current network; and the 
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analysis of the solutions obtained from different budget 
levels defined. Through the first analysis we could 
conclude that if the location of the CSs in the 50 current 
municipalities could be optimize, this would bring 
significant improvements of equity to the network, as the 
citizens would benefit from a decreased weighted 
average travel time to reach a facility. However, it is also 
important to note that analyzing the model and its 
results, since it minimizes the demand weighted average 
travel time, it tends to locate facilities on locations with a 
higher demand, and to penalize to some extent the 
demand points with a lower demand. Concerning the 
second analysis of the model’s solutions for different 
budget restrictions, we were able to map the different 
solutions and to observe how they relate to each other. 
As expected, a key take-way from the analysis, is that 
through the observation of the mapped solutions, we 
could see that the marginal benefit of equity decreases as 
the budget increases.  

To conclude, a sensitivity analysis was conducted in order 
to test the impact of the variation of certain parameters 
in the number and location of the facilities, in the cost 
structure, and in the recommendations resulting from the 
model. The sensitivity analysis allowed us to comprehend 
the greater or less sensitivity of the solutions to the 
variation of the analyzed parameters. Moreover, given 
that we developed a multi-period model with a 5-year 
planning horizon, some of the parameters may vary with 
time in a different manner than predicted due to factors 
such as, the evolution of technology, propensity of the 
population to use the digital channel, political agenda, 
laws in force, inflation variation, among others. Hence, it 
is important to analyze how the variation of the key input 
parameters impact the solutions generated by the model.  

For the future development of this subject some 
improvement and analysis opportunities were identified 
such as the performance of a more extensive study and 
estimation of the demand, as this is an intricate 
parameter which depends on several different 
constraints like the opening of neighboring shops, the 
laws in force in a given year, the amount of entities 
represented at the CS, political decisions, among others. 
Thereby, a further study of this input parameter could 
lead to more accurate results, or to further understand 
how the demand impacts the results. 

Furthermore, given that the model benefits 
municipalities with a higher demand, and penalizes 
smaller demand points, it is recommended as future work 
to analyze the results provided by the model when a 
maximum travel time per citizen is imposed, so that no 
citizen is allowed to be further away from a facility than 
the defined value.  
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