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Abstract 

Cost-effective strategic management of aerial forest fire suppression resources involves decisions about 

fleet location, in order to efficiently match supply and demand. In this study, we explore the flexible design 

of such a system, pooling the demand of several bases into a “zone”, and analyzing alternative partitions of 

the territory into zones. Feasible partitions consider an upper limit on the distance between bases, and require 

their adjacency, within the same zone. Then, we classify the feasible partitions according to a set of six criteria 

and explore the non-dominated partitions. Finally, we select the preferred partition, with the support of several 

experts, by applying the AHP method. The considered criteria evaluate, for each partition, the (c1) mean and 

the (c2) value at risk of the number of unattended active fires, the (c3) helicopter idleness, and the (c4-6) Gini 

index for each of the previous three criteria. 

We apply this strategy to the island of Sardinia, where helicopters play a central role in the suppression 

system, and compare the results with the current design, in which each base is autonomous (i.e., each zone 

has only one base). Sardinia has eleven helipad operational bases, where the helicopters are allocated at the 

beginning of the fire season, with the objective of fighting wildfires located in each base’s coverage area. We 

used fire occurrence and helicopter flight data from 2006 to 2010, which revealed spatiotemporal 

asymmetries in the forest fire patterns, along the island, and thus the existence of effective opportunities to 

benefit from demand pooling. The AHP method was applied with Portuguese experts, and our results point 

towards an improvement in the values related to unattended fires, as well as the Gini indexes, if the proposed 

strategy of reorganizing the territory in larger zones (with more than one base) is applied. 

We explore the results of our approach, and identify efficiency gains, potential fire management 

implications, limitations, and opportunities for additional research. In the scope of the latter, as the optimal 

value for helicopter idleness is naturally achieved with the current design (partition in zones with one base), 

this criterion provides a key trade-off with the other five, that can be used, for instance, to examine a flexible 

strategy for helicopter location-allocation along the years, with annual partition redefinitions, considering all 

data available up to that point of decision. 
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Cost-effective strategic management of aerial forest fire suppression resources involves decisions 

about fleet location, in order to efficiently match supply and demand. Sardinia currently has eleven 
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operational helicopter bases, where helicopters are allocated at the beginning of the fire season, to fight 

the fires located in each base’s coverage area. Our goal was to optimize the usage of fire-fighting 

helicopters, creating a dynamic and flexible designed system for helicopter management, as opposed 

to the current system, a fixed design where the helicopters are allocated to each base and remain 

attached to the base for the whole season of fires. 

The new flexible design consists in a system of partitions, where the coverage of each area can be 

shared with other bases, which leads to a narrower gap between the level of service and the demand of 

the helicopters. This work comes as the sequence of the previous work of Pacheco et al. (2014), later 

adapted to Sardinia by Stonesifer et al. (2015).  

The results – first presented in Torres et al. (2017) – point towards an improvement in the values 

related to unattended fires, as well as the Gini indexes, and departing from the optimal value for 

helicopter idleness naturally achieved with the current configuration, this being the key trade-off that 

should be explored in order to find a solution that balances the multiple requirements. 

 

5. Materials and Methods 

Sardinia island is a territory belonging to Italy, situated on the Mediterranean Sea, west of the Italian 

mainland with approximately 1.7M inhabitants (Salis et al. 2013) and an area of approximately 

24,000Km2 (Bajocco and Ricotta 2008) consisting mostly on shrublands (28% of the islands’ area). 

In this study, we explore the flexible design of such a system, pooling the demand of several bases 

into a “zone”, and analyzing alternative partitions of the territory into zones. Feasible partitions 

consider an upper limit on the distance between bases, and require their adjacency, within the same 

zone (please see Figure 1). 

 

Figure 1 - An example with a territory with 3 bases (A, B, and C); there are five possible partitions: four partitions 

are viable (#1-4), and one partition is not viable (#5) as in the “blue” zone 1, bases A and C, are not adjacent.  

To evaluate the adjacency of bases, we build a matrix in which the position (i,j) is 1 if the bases i 

and j are adjacent, and 0 if not. This matrix is then subset when we evaluate the adjacency of the bases 

within a zone. It is important to notice that this method also represents a different restriction in this 

scenario. Since some of the bases are equipped to a specific type of helicopter, they cannot be included 

in zones where there are other types of helicopters. Given this, the adjacency matrix can indicate that 

two bases are not adjacent if they are not prepared for the same type of helicopters, even though they 

are geographically adjacent.  
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After evaluating adjacency and distance, we classify the feasible partitions according to a set of six 

criteria and explore the non-dominated partitions. Finally, we select the preferred partition, with the 

support of several experts, by applying the AHP method. The considered criteria evaluate, for each 

partition, the (c1) mean and the (c2) value at risk of the number of unattended active fires, the (c3) 

helicopter idleness, and the (c4-6) Gini index for each of the previous three criteria. 

We apply this strategy to the island of Sardinia, where helicopters play a central role in the 

suppression system, and compare the results with the current design, in which each base is autonomous 

(i.e., each zone has only one base). Sardinia has eleven helipad operational bases, where the helicopters 

are allocated at the beginning of the fire season, with the objective of fighting wildfires located in each 

base’s coverage area. We used fire occurrence and helicopter flight data from 2006 to 2010, which 

revealed spatiotemporal asymmetries in the forest fire patterns, along the island, and thus the existence 

of effective opportunities to benefit from demand pooling. 

The AHP method was applied with experts from the Portuguese authorities related to fire, 

suppression such as the National Authority for Civil Protection (ANPC) or the National Institute for 

Forest Conservation (ICNF), and our results point towards an improvement in the values related to 

unattended fires, as well as the Gini indexes, if the proposed strategy of reorganizing the territory in 

larger zones (with more than one base) is applied. 

 

 

We explore the results of our approach (please see Figure 2), and identify efficiency gains, potential 

fire management implications, limitations, and opportunities for additional research. 

 
Figure 2 - Territory partitions chosen by the AHP analysis for a threshold of 80Km considering the demand 

probability (each color represents a zone). 

In the scope of the latter, as the optimal value for helicopter idleness (c3) is naturally achieved with 

the current design (partition in zones with one base), this criterion provides a key trade-off with the 

other five, that can be used, for instance, to examine a flexible strategy for helicopter location-

allocation along the years, with annual partition redefinitions, considering all data available up to that 

point of decision. 

 

 

The results seem to indicate that pooling the demand of the system may lead to an improvement of 

the efficiency, favoring the flexible design over the fixed design. However, we believe that there is 
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room for improvement for this algorithm. The trade-off between the helicopter idleness and the other 

criteria, along with the possibility of relating fires and flights and using a broader time interval, seem 

to be some interesting starting points for future development of this design. 
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