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Abstract 

 

In this paper we propose a possible solution to a very complex issue that is related 

to optimal human resources' allocation in the frame of the emergency ambulance 

service. We consider an example taken from real life but we present it as a general 

case in order both to preserve privacy reasons and to generalize this methodology 

to a wider area of applications. The main issue of the paper is to develop a 

methodology in order to allocate human resources that are involved in an 

emergency service in an optimal way. In our framework we consider the case, that 

is very common in real life, in which a public or private company manages the 

emergency ambulance services in an area with a number of towns and hospitals. 

One of the main issues is to allocate human resources considering a certain 

number of criteria. In this paper we propose a possible solution to such a problem 

by means of a multicriteria method. 
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1.  Introduction 
 

In this paper we study the problem of optimal allocation of human resources 

in a very peculiar field: emergency ambulance service. This study moves from a 

very practical and realistic case which has been proposed to the authors by a 

public society in the southern Italy which manages the emergency ambulance 

service in a geographical area with a number of towns and hospitals serving 

thousands of citizens. For privacy reasons, in this paper, we will present only 

general data. Our methodology can be applied to a wide range of similar cases 

where the allocation of human resources happens in a wide area. 

The problem of optimal human resources allocation is wide discussed and 

studied both from a theoretical and practical viewpoint (see [2] and [5] for a 

complete review on this subject). In [1] the authors analyse how important is to 

evaluate many criteria when human resource are allocated in a wide are in a very 

important and peculiar field such as healthcare (above all in a poor country). In 

[6], the authors show how important are both effective communication and 

teamwork is order to deliver high quality patient care. 

In our knowledge, the problem of human resources allocation in the 

emergency ambulance service, has been overlooked in literature. In this paper we 

propose a possible solution to the this problem in a very specific case that 

involves many issues which vary from geographical to human. 

The case we have in mind is that of a public or private firm which has to 

allocate and manage a number of employees involved in the emergency 

ambulance service of a limited geographical area which counts a number of towns 

and hospitals. In this framework the main issue is to find a number of criteria in 

order to allocate optimally such resources to offer an efficient and effective public 

service. Such criteria should be shared by all the parts including unions. We 

propose a multicriteria approach (see [3], [4]) in order to compute an optimal 

ranking of employees to be assigned at different locations. 

The paper is organized as follows: in section 2 we present the case study; in 

section 3 we propose the methodology in order to solve the problem; in section 4 

we apply the methodology to a n empirical case, the section 5 closes the paper 

presenting conclusions and future developments.  

 

2.  The Case Study 
 

Let consider the case in which a public company manages the emergency 

ambulance service of a wide geographical area including different towns and 

hospitals. This company must ensure the ambulance service 24h per day, 365 days 

per year. Let consider, for simplicity sake, the case in which this company 

manages three kind of employee: nurse; rescuer; driver. The working day is 

divided into three working shifts (8-14; 14-20 and 20-8). For each working shift a 

fixed number of nurses, rescuers and drivers must be ensured in order to activate 

the emergency ambulance service. 
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The geographical area consists of k (integer) locations (towns) and only a 

limited number of towns are served by hospitals. The number of employees is 

fixed and it is sufficient in order to ensure the service even in presence of 

absences or leaves. 

The main problem which is faced by the company is how to allocate, in an 

optimal way, the employees to the different locations. In this paper we focus our 

attention on the problem of physical allocation and we do not consider other 

aspects such as: working shifts or leaves management. Such issues are already 

well managed also by means of specific software. 

The problem we want to consider is to determine a methodology in order to 

compute a final ranking for each location, in order to distribute the employees in 

this wide territory considering a number of criteria shared by parts. Such an issue 

as been addressed to the authors by a specific company which operates in the 

southern Italy. At present, the company allocate human resource considering 

qualitative aspects related to “usual” procedures driven from the past. The 

problem arises when some workers asks to be allocated elsewhere, in this case the 

lack of  quantitative criteria and above all the absence of a ranking between 

workers results in an impossibility to optimal reallocate resources. 

The managers of the company ask for a quantitative and measurable 

methodology in order to give objective answers to the employees' requests. 

We have proposed to find a number of objective criteria, share with all the 

parts, in order to compute, by means of a multicriteria method, a ranking of 

workers for each location. As a result the allocation of human resource will follow 

the obtained ranking satisfying objective criteria of correctness and efficiency. 

The company managers, after a bargaining process with workers and 

unions, have indicated a number of criteria, related to residence, seniority, family 

status and also meritocratic aspects. 

Taking into account such criteria it is possible, as shown in the section 3, we 

propose to apply a methodology of ranking which considers all the parameters of 

the model. 

    

3.  The Methodology 
 

Let consider a company with a fixed number of employees indicated by: Li with 

i=1,...,n. Without loss of generality we can consider the case in which the 

employees are of different types. We consider also that this company guarantees a 

public service 24h a day for 365 day per year. The service is provided by means 

of three working shifts of 8 hours each. The company is located in a wide 

geographical area consisting of a fixed number of towns:  Ti  with i=1,...,m.  

The main problem for the firm is to find an optimal allocation for all the n 

employees according to some criteria that are determined in advance. We denote 

by Ci  with i=1,...,k each criterion. For sake of simplicity let consider for instance 

the following criteria: domicile, seniority, number of sons, distinguished service 

and so on. We can consider the case in which, for each criterion Ci  it is considered 

a different weight Wi  with i=1,...,k. The sum of all weights must be equal to one. 
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In order to allocate the employees we propose an ordering procedure based on a 

multicriteria approach that takes into due account both criteria and weights. 

In order to avoid the typical problems that arise when data in different range of 

variations are used (see [3] and [4]) we apply a normalizing procedure to the data 

associated to each criterion. 

For simplicity sake, let us consider the case in which the criterion is the domicile 

of the employee, that is (without loss of generality) C1. 

 

In order to compute C1,j,l  for the employee j=1,...,n and for the location l=1,...,m 

we consider: d(Dj,Tl) that is the distance (for instance the Euclidean distance) 

from the domicile (Dj) of the player  j to the town l. 

The value for the criterion C1,j,l  is: 

 

C1, j,l = (1-
d(Dj,Tl )- min

i=1,...,n
(d(Di,Tl ))

max
i=1,...,n

(d(Di,Tl ))- min
i=1,...,n

(d(Di,Tl ))
) ×10 

 

Let us consider the criterion: seniority. Without loss of generality we indicate this 

criterion by C2. 

In order to compute C2,j  for the employee j=1,...,n we have: 

 

C2, j =
S j - min

i=1,...,n
(Si )

max
i=1,...,n

(Si )- min
i=1,...,n

(Si )
×10 

 

If we indicate the criterion “number of sons” by C3 we have: 

 

 

C3, j =
N j - min

i=1,...,n
(Ni )

max
i=1,...,n

(Ni )- min
i=1,...,n

(Ni )
×10 

 

where Nj indicates the number of sons of the employee j. 

The criterion related to the distinguished service can be derived, for instance, by 

computing the variable Rj, that is the sum of all the minutes late at work in a fixed 

time period. Consequently, such a criterion C4 can be computed as follows: 

 

C4, j = (1-
Rj - min

i=1,...,n
(Ri )

max
i=1,...,n

(Ri )- min
i=1,...,n

(Ri )
) ×10  

 

Following this methodology we obtain, for each town Ti  with i=1,...,m  and for 

each criterion Ci  with i=1,...,k, a vector of length n : (Ci,1 , Ci,2 ,...Ci,n ). 

As a result we can compute a n·k matrix for all criteria in all towns.  
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The proposed methodology ensures that all the elements of this matrix vary in the 

same range that is the interval [0,10]. It is worth noting that, in our case, the 

criterion C1,j,l is the only that depends on the town.  

 

In order to obtain the final ranking, for each town l=1,…m and for each employee 

i=1,…n, we consider the weights of the selected criteria in order to obtain, for 

each employee the following score: 

 

kikili

l

i WCWCWCA  ,2,21,,1 ... =  

 

As a result, the proposed methodology gives a final ranking for all towns, 

according to the following table (in the case of m towns): 

 

 

  Town 

  T1
 T2

 … Tm  

E
m

p
lo

y
ee

 

L1
 A1

1  A1

2  … A1

m  

L2
 A2

1  A2

2  … A2

m  

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Ln  An
1  An

2  … An
m  

 

 

Table 1: Final scores for each employee in each town. The final ranking is 

obtained from these values. 

 

4. Empirical Example 
 

In order to apply the ranking procedure illustrated in the previous section, let us 

consider an empirical example. 

We consider the case of a public company that has to manage the emergency 

ambulance service in a wide area consisting of 5 towns. 

 

Let us suppose that the company has to allocate n=10 employees in each town. In 

order to optimally allocate the human resources the company manager, together 

with the workers’ unions, decide to consider a set of 4 criteria that are: domicile 

(distance in km, seniority, number of sons and distinguished service. 

The company has to collect data directly from the employees by means of self-

declarations (according to local law about privacy). 

The following table (Table 2) presents the collected data: 

 



3126                                                            Luca Grilli and Massimo Alfonso Russo 

 

 
Employees d(Dj,T1) d(Dj,T2 )  d(Dj,T3) d(Dj,T4 )  d(Dj,T5) S j  N j

 R j  

L1 0 10 20 15 50 2450 2 150 

L2 20 2 30 10 32 4325 3 120 

L3 15 32 10 20 14 1567 1 70 

L4 0 10 20 15 50 1432 3 121 

L5 20 2 30 10 32 1211 2 16 

L6 30 5 15 10 22 2342 2 122 

L7 15 12 32 21 0 1121 2 102 

L8 18 0 25 7 23 456 1 90 

L9 12 31 0 32 21 2134 3 100 

L10 32 21 15 0 12 1564 1 87 

 

Table 2: Values for the performances of each employees according to selected 

criteria. 

 

Following the methodology proposed in the previous section, it is possible to 

obtain the normalized values for each criteria according to the following table 

(Table 3): 

 

Employees C1, j,1
 C1, j,2

 C1, j,3
 C1, j,4

 C1, j,5
 C2, j

 C3, j
 C4, j

 

L1 10 6,875 3,75 5,3 0 5,15378 5 0 

L2 3,7 9,37 0,62 6,8 3,6 10 10 2,23880 

L3 5,3 0 6,87 3,7 7,2 2,871543 0 5,97014 

L4 10 6,87 3,75 5,3 0 2,522615 10 2,16417 

L5 3,7 9,37 0,62 6,8 3,6 1,951408 5 10 

L6 0,6 8,43 5,31 6,8 5,6 4,874644 5 2,08955 

L7 5,3 6,25 0 3,4 10 1,718790 5 3,5820 

L8 4,3 10 2,18 7,8 5,4 0 0 4,47761 

L9 6,2 0,312 10 0 5,8 4,3370379 10 3,73134 

L10 0 3,437 5,312 10 7,6 2,863789 0 4,70149 

 

Table 3: Normalized values for each employee according to each criterion. 

 

In order to compute the final ranking it is necessary to consider the weights that 

must be associated to each criterion: 

 

 

W1
 W2

 W3
 W4

 

Weights: 0,294 0,235 0,265 0,206 
 

Table 4: Weights associated to each criterion 

 

In the following table we present the final results in which we presents the 

weighted and aggregated values Ai
l , for each town l=1,…5 and for each employee 

i=1,…10, that allow us to compute the final ranking: 
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Employees Ai

1  Ai
2  Ai

3  Ai
4  Ai

5  

L1 5,4773615 4,5582438 3,6391262 4,0986850 2,5361850 

L2 6,5638718 8,2182835 5,644754 7,4829894 6,5197541 

L3 3,4673055 1,90480 3,926864 3,0077467 4,0224526 

L4 6,6273582 5,708240 4,7891229 5,2486817 3,6861817 

L5 4,944449 6,5988608 4,0253314 5,8635667 4,9003314 

L6 3,0845300 5,3823241 4,4632065 4,9227653 4,5477653 

L7 4,027939 4,303674 2,465439 3,476469 5,4066161 

L8 2,208625 3,863037 1,565243 3,219655 2,510096 

L9 6,273991 4,5276678 7,3769325 4,435756 6,1416384 

L10 1,641787074 2,6528164 3,20428707 4,5829635 3,8770811 

 

Table 5: Weighted and aggregated values 

 

The following table (below) presents the final ranking which can be adopted by 

the decision maker in order to allocate optimally the employees in each town Ti, 

i=1,…,5: 

 

Employees T1 T2 T3 T4 T5 

L1 4 5 7 7 9 

L2 2 1 2 1 1 

L3 7 10 6 10 6 

L4 1 3 3 3 8 

L5 5 2 5 2 4 

L6 8 4 4 4 5 

L7 6 7 9 8 3 

L8 9 8 10 9 10 

L9 3 6 1 6 2 

L10 10 9 8 5 7 

 

5. Conclusions and future tasks 
 

In this paper we have proposed a possible solution to the problem of optimal 

allocation of human resource in the context of emergency ambulance service. The 

proposed methodology can be applied in all cases in which it is necessary to 

compute a final ranking according to multiple criteria. 

In this study we have considered a set of Towns in which the emergency service is 

done. We have also considered a set of Employees that must be optimally 

allocated in each town. In order to compute the final ranking a set of criteria is 

proposed and for each criterion the decision maker must consider a weight. 

Since the data coming from the performance of each employee are not 

homogeneous we have proposed a normalizing procedure in order to obtain data 

in the same range of variation. 

We have proposed both the general theoretical methodology and an empirical 

example driven from a real case study from southern Italy. 
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