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Abstract

The phenomenon of wildfires has become one of the biggest prob-
lems our forests are suffering due to the high frequency and intensity
that has acquired in recent decades. As the budget and fire resources
are limited, it is essential to control these catastrophic fires by making
efficient decisions. In this paper, we make use of operations research
techniques that allow the optimal assignments of aircrafts to extin-
guishing wheels and to refueling points, which are two important tasks
to be performed by the controller of aerial resources in a forest fire.

Keywords: wildfire management, aerial resource assignment, in-
teger linear programming, extinguishing wheels, refueling points.

1 Introduction

The design of decision support systems for logistics is an extremely active
area of research and applications in modern Operations Research. In the
framework of forest fire control, it is essential to make efficient decisions
because the budget and fire resources are limited. In this sense, it is worth
mentioning that economic theory plays a central role in the management of
forest fires. Precursors in the economic study of forest fires were Headley
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(1916) and Sparhawk (1925), who describe how to establish an optimum
program of fire management.

A theoretical framework used to identify the most efficient way to manage
the costs of a wildfire has been the Cost Plus Net Value Change (C + NVC)
(Gorte and Gorte, 1979). Thus, it is intended to minimize the cost for the
use of resources in the fire fighting, plus a cost produced by the hectares of
land burned, where not only must take into account material losses in the
fire (trees, urban goods, etc.) but also restocking or reconstruction of these
areas.

In the case of Spain, in 2010, it emerged the Prometeo project with the
goal of improving efficiency in fire fighting. Prometeo was one of the biggest
applied research projects awarded to a business consortium in Spain in the
fight forest fire. The project involved more than 16 companies and the act-
ive participation of government towards achieving the following objectives:
To mitigate environmental damage in case of fire in an efficient way, and to
reduce the number and size of large wildfires, ensuring the safety of extin-
guishing devices.

Following the Prometeo project, they arise in 2013 and 2015 the so-called
projects Lumes and Enjambre, respectively, which again involved various
companies of public and private sectors. The main objective of these projects
is the development of new advanced technologies for comprehensive fight
against major forest fires, allowing reduce the number and the surface of
these, and generating a security enclosure in operations that significantly
reduce the accident rate of the participants (technical, brigade and pilots).

Various activities have been of great interest to perform in projects of
this magnitude. These activities range from image processing that provides
information about the vegetation structure and the evolution of the fire (ac-
cording to which resources are selected), the study of the feasibility of un-
manned aircraft in this context, the algorithms and strategies to ensure the
safety of terrestrial environments, analysis of extinction night operations and
coordination of air traffic.

In this paper, we conduct an investigation focusing on the coordination
of air traffic. In situations of large wildfires, where different points of loading

2



and discharge of water and the presence of up to 20 aircrafts working at once
are located (some of them from other administrations), air traffic increases
in quantity. This means that it can produce situations where there is risk
of collision between different aircrafts (for example, in cases in which two
circuits wheel share the same water intake but have different point of dis-
charge), or situations where some aircrafts are awaiting orders being likely to
exceed the maximum working time. Thus, the presence of an air traffic co-
ordination governing each aircraft order, controlling which wheel is assigned,
their working time, and the risk of collision between aircrafts, is necessary.
Initially, we concentrated on two tasks that are the assignment of aircrafts
to wheels and the assignment of aircrafts to refueling points. Moreover, we
program and solve the corresponding models with the free software R (cf.
http://www.r-project.org/) and show some of the numerical and compu-
tational results obtained.

The goal is to automate these tasks, in order to gain time and save
costs. All this is to be realized using models and techniques borrowed from
operational research. The idea came from a company in the security sector
and the approach is to integrate this tool into a larger application that
includes different utilities.

The assignment problem is one of the classical problems in linear pro-
gramming, having appeared with the work of Votaw and Orden (1952) and
becoming more relevant with the publication of the Hungarian method for
solving it (cf. Kuhn, 1955). A recent review of this problem and its gen-
eralizations is due to Pentico (2007). It is worth mentioning that the first
model we will consider is close to three-dimensional assignment problem (cf.
Geetha and Vartak, 1994) because we try to assign aircrafts to wheels that
are in turn allocated to different fire fronts. However, a slightly more general
situation arises here because simultaneously several objectives are considered
(cf. Geetha and Nair, 1993) as they are to maximize water discharge on the
fronts and minimize distances between aircrafts and wheels, while specific
restrictions are also introduced in aircrafts and water points related with
capacity, as wheel as preferences in the percentage of water received on the
fronts.
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On the other hand, we should mention that different references can be
found in the literature related to systems of decision support in fighting fires,
or reviews on employment of operational research techniques in firefighting
in particular and disaster situations in general. For example, Keramitsoglou
et al. (2004) use Dijkstra algorithm in order to optimize operations that
involve routing of response units dispatched to attack fire front from various
sides. Other papers are Dimopoulou and Giannikos (2004), Galindo and
Batta (2013), Mavsar et al. (2013), and Minas et al. (2012).

2 The models

At present, the number of airline resources that can coincide in time and
space in a forest fire has increased considerably compared to what happened
in the relatively recent past, when the number of aircrafts was not very
large, they had little autonomy and few bases of recovery. In general, the
organization of the air strike did not pose complications and was developed
between aircraft pilots themselves.

Today, not having proper air coordination function would substantially
increase risk of flight safety and a serious reduction in the effectiveness.

2.1 Assignment of aircrafts to wheels

It is very common in a wildfire that aircraft work is organized in training
wheel type, so that a set of aircrafts is flying over the fire forming a circuit
from which each aircraft has access to a point of water intake and later it
discharge thereof. Naturally, if these operations are done disorganized then
there is a high-risk operation, because if it is not clear about the status of all
aircrafts continuously, the possibility of collision is high. The advantages of
this type of work through wheels are mainly: a shorter occupation of airspace
in the fire, which means, besides not waste the time of other aircraft, do
maximum damage to the fire in the shortest possible time, increased strength
in areas of high flames, and the possibility of defense lines longer and more
accurate.

If we suppose that it has been determined the number and type of air-
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crafts to be sent to the fire, a problem for the coordinator is to distribute
optimally the resources at its disposal. We build a function in R language that
provides optimal allocation of resources and serve as a support for decision-
making by the coordinator during the fire. Thus, we will propose an integer
linear programming model whose purpose is to maximize the output per
hour of aircrafts that are acting on the fire, that is, the objective is maxim-
ize the amount of water discharged into the fire. All this is done through an
appropriate allocation of aircrafts among the wheels subject to the restric-
tion that no left unattended fronts of the fire, that the maximum number of
aircrafts is respected by wheel (this number is previously determined), and
that the percentage of water for each front, chosen for the coordinator, is
also respected.

2.1.1 Notation and decision variables

The main elements of our formulation are the following.

Sets

A = {1, . . . , nA} is the set of aircrafts (resources).
W = {1, . . . , nW} is the set of wheel circuits.
P = {1, . . . , nP} is the set of water recharge points.
F = {1, . . . , nF} is the set of fire fronts.
For each k ∈ F ,Wk is the subset of W formed by the wheel circuits

assigned to front k.1

For each l ∈ P,Wl is the subset of W formed by the wheel circuits as-
signed to water recharge point l.

Parameters

For each i ∈ A, CAPi is the capacity in liters of water of airplane i.
1Once the fire is declared, we assume, for simplicity, that the number of wheels is

determined from the available charging water points and the number of fire fronts. In
addition, each wheel is initially assigned automatically to a front and to a water point.
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For each j ∈ W, NUAj is the maximum number of aircrafts entering
wheel j.

For each j ∈ W, DOAj is the number of downloads per hour performing
an aircraft in wheel j.

For each i ∈ A, j ∈ W, DISij is the distance from the base of aircraft i
to wheel j.

For each l ∈ P, NUWl is the number of wheels can share water point l.
For each k ∈ F , PERk is the percentage of water (expressed as the rel-

ative frequency) intended for front k.

Decision variables

We use four sets of decision variables in our formulation.

For each i ∈ A, j ∈ W, aij is a binary variable that takes value 1 if
aircraft i is assigned to wheel j, and 0 otherwise.

For each k ∈ F ,m+
k ,m

−
k are real variables that measure the difference

(in absolute value) between the amount of water used in front k and the
initially assigned (although this assignment can not be satisfied in full).

For each k ∈ F , fk is a binary variable that takes value 1 if front k left
unattended , and 0 otherwise.

For each j ∈ W, wj is a binary variable that takes value 1 if wheel j is
assigned to an aircraft, and 0 otherwise.

2.1.2 Objective function

max
∑
i∈A

∑
j∈W

DOAjCAPi −
DISij

max
i∈A,j∈W

DISij

 aij−
∑
k∈F

M
(
m+

k +m−k + fk
)
.

The goal to make the assignment of aircrafts to the wheels is to maxim-
ize the performance of the same, in terms of quantity of water discharged.
This explains the first term in the above expression in which we also take
into account the fact that we prefer to choose among aircrafts with equal
performance those that are closest to the wheel.
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The second term appears because we want to respect as much as possible
the distribution of water among fronts chosen by the coordinator and also
serve the greatest number of fronts.

M is a constant with a sufficiently large value. In tests, it was taken
equal to how many liters of water is discharged per hour if all aircrafts are
on the wheel with higher performance, this is nAmaxj∈W DOAj .

2.1.3 Constraints

The relationships that describe the real-world model are translated in our
formulation via mathematical constraints.

∀i ∈ A,
∑
j∈W

aij = 1.

Each aircraft is assigned to a unique wheel.

∀j ∈ W,
∑
i∈A

aij ≤ NUAj .

The number of aircrafts assigned to a wheel is limited.

∀k ∈ F ,
∑
i∈A

∑
j∈Wk

aij ≥ 1− fk.

All fronts must be served unless the number of aircrafts is not sufficient.

∀i ∈ A, ∀j ∈ W, wj ≥ aij .

If aircrafts are not assigned to a certain wheel then this wheel is not
considered active.

∀l ∈ P,
∑
j∈Wl

wj ≤ NUWl.

The capacities at points of water must not be exceeded.

∀k ∈ F ,
∑
i∈A

∑
j∈Wk

CAPiaij = PERk

∑
i∈A

CAPi +m+
k −m−k .
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The quantity of water assigned to each front is respected as much as
possible.

2.2 Allocation of aircrafts to refueling points

When aircrafts assigned to a fire start the rest period, they have to make
fuel refueling. The task of assigning these aircrafts to refueling bases is not
simple, because we have to take into account various factors, such as time
of arrival at refueling points, the amount of fuel available at each point,
etc. The following integer linear programming model provides the optimal
allocation of aircrafts to the refueling points, in such a way that the total time
taken for all aircrafts in the operation is minimum. The model should take
into account the following aspects. First, the number of aircrafts that can
refuel at a time on the same basis. A refueling point can be constituted by a
tanker in the middle of an open area, being a single tanker with a single hose,
and then the simultaneous supply of various aircrafts becomes impossible.
The fuel liters of each base and the fuel capacity of each aircraft are also
relevant. It could also happen that a refueling base was available very next
to the fire, but the fuel of which there is less available than required for any
of the aircraft. This would cause that not all aircrafts could be assigned to
the base, despite the closeness of it. Moreover, aircrafts may prefer to wait
for an aircraft completes its refueling in a base and then supplies it, than to
have to go to a farther base (thereby losing more time). In addition, it is
intended that, once found the optimal allocation there is a warning of the
new capacity of refueling points, so that, if necessary, fuel is reloaded in some
basis.

2.2.1 Notation and decision variables

In this case, the elements of the formulation are the following.

Sets

A = {1, . . . , nA} is the set of aircrafts (resources).
B = {1, . . . , nB} is the set of refueling bases.
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T = {1, . . . , nT} is the set of periods of time (we take each period equal
to five minutes).

Parameters

For each i ∈ A, LOAi is the fuel load of aircraft i.
For each i ∈ A, REFi is the time refueling of aircraft i.
For each b ∈ B, FUEb is the quantity of fuel available in base b.
For each b ∈ B, NUMb is the number of aircrafts that can refuel simul-

taneously on basis b.
For each i ∈ A, b ∈ B, T IMib is the time it takes to move aircraft i to

base b.
For each t ∈ T , PERt is the accumulated time in period t.

Decision variables

We use here three sets of decision variables in our formulation.

For each i ∈ A, b ∈ B, aib is a binary variable that takes the value 1 if
aircraft i is assigned to base b, and 0 otherwise.

For each i ∈ A, b ∈ B, t ∈ T , sibt is a binary variable that takes the value
1 when aircraft i starts refueling in base b in period t, and 0 otherwise.

For each i ∈ A, b ∈ B, t ∈ T , eibt is a binary variable that takes the value
1 when aircraft i ends refueling in base b in period t, and 0 otherwise.

2.2.2 Objective function

min
∑
i∈A

∑
b∈B

∑
t∈T

PERtsibt +
∑
i∈A

∑
b∈B

∑
t∈T

PERteibt.

The objective is to minimize the total time spent refueling. Thus, the
first term in the above formula represents the time from the beginning of
the rest of the aircrafts until the beginning of their refueling in a base. The
second term computes the refueling time plus time back to the fire.
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2.2.3 Constraints

The relationships that describe the real-world model of allocation of aircrafts
to refueling points are formulated by means of the following restrictions.

∀i ∈ A,
∑
b∈B

aib = 1.

Each aircraft must be assigned to a single base.

∀i ∈ A, ∀b ∈ B, aib ≥
∑
t∈T

sibt.

Each aircraft starts refueling at the assigned base.

∀i ∈ A,
∑
b∈B

∑
t∈T

sibt = 1.

Every aircraft must have a beginning of its refueling.

∀i ∈ A,
∑
b∈B

∑
t∈T

eibt = 1.

Every aircraft must have an end of its refueling.

∀b ∈ B,
∑
i∈A

LOAiaib ≤ FUEb.

Aircrafts assigned to each base may not need more fuel than the fuel
available at that refueling point.

∀i ∈ A, ∀b ∈ B, T IMibaib ≤
∑
t∈T

PERtsibt.

Aircrafts can not begin refueling before reaching supply point. Also, the
equal condition is not imposed to allow aircrafts wait if another aircraft is
refueled (if it is more favorable waiting to go to a farther base).

∀i ∈ A, ∀b ∈ B, (TIMib +REFi)aib ≤
∑
t∈T

PERteibt.
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Completion of refueling has to be once it has been performed the flight
period until supply point and once the filling time of the aircraft ended.

∀b ∈ B, ∀t ∈ T ,
∑
i∈A

t∑
k=1

sibk −
∑
i∈A

t∑
k=1

eibk ≤ NUMb.

It must respect the maximum number of aircrafts that can be refueled
in the same base simultaneously.

∀i ∈ A,
∑
b∈B

∑
t∈T

PERteibt −
∑
b∈B

∑
t∈T

PERtsibt ≥ REFi.

The time between the beginning and the end of refueling of an aircraft
can not be less than the estimated duration of the refueling of such aircraft.

3 Examples and numerical results

To solve the above models, two functions have been created in the free soft-
ware R.2 They work with four databases containing information, respectively,
on the fronts of the fire, the water charge points, the available aircrafts, and
the refueling bases.

Figure 1 shows an example of database, specifically for refueling points.
It contains the coordinates of different bases, with the corresponding fuel
capacities and the number of aircrafts that can reload simultaneously in
each base.

These programming problems can be solved with the library lpSolveAPI
or alternatively the Gurobi solver. The lpSolveAPI uses simplex method
and branch and bound algorithms. However, Gurobi also employs different
cutting plane methods. We can get further information from these solvers in
http://cran.r-project.org/web/packages/lpSolveAPI/index.html and
http://www.gurobi.com, respectively.

2The R code is available from the authors.
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Figure 1: Example of database for refueling points.

3.1 Assignment of aircrafts to wheels

Before executing the function, we have information about the maximum
number of aircrafts per wheel and the discharges per hour of every aircraft.

To show the use of the first function through an example, we assumed to
have the aircrafts BellB412-2, Ka32-1, and BellB407-3. It is further assumed
that there are two fronts in the fire and from each of them, one can access
to three water loading points. In this case, the model has 4 continuous
variables and 22 binary variables. Tables 1 and 2 summarize the main results,
concerning the assignment of aircrafts to fronts and to water points, and the
water quantity assigned to each front (in liters and percent), respectively.

In Table 1, with 1 we indicate that the aircraft (in a row) is assigned to
the wheel that can be formed by joining the front i and the point j of water
(in a column). In other case, we put 0.

In Table 2, we see that it spends 73 % of capacity at front 1 and 27 %

at front 2, which is very close to the percentages specified in the database
corresponding to the fronts, which are 75 % and 25 %, respectively.
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$Tab.Ass
F1-P1 F1-P2 F1-P3 F2-P1 F2-P2 F2-P3

BellB412-2 0 0 0 1 0 0
Ka32-1 0 0 1 0 0 0
BellB407-3 0 1 0 0 0 0

Table 1: Allocation of aircrafts to wheel (front and point of water).

$Tab.Amo
Amount.Water Percentage

Front 1 2400 72.72727
Front 2 900 27.27273

Table 2: Allocation of water to different fronts.

3.2 Allocation of aircrafts to refueling points

To demonstrate the use of the second function by an example, we assumed
to have nine aircrafts and ten refueling points. In this case, where we assume
that all aircrafts have to rest, the model has 7963 binary variables.

Among the results, we have Table 3 of zeros and ones, where a one
indicates that the corresponding aircraft is assigned to the corresponding
base. We note that an aircraft is assigned to the bases 5, 6 and 7, two on
the base 4 and four to the base 10.

$AiB
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10

BellB412-1 0 0 0 0 1 0 0 0 0 0
BellB412-2 0 0 0 1 0 0 0 0 0 0
BellB212-1 0 0 0 0 0 0 0 0 0 1
BellB212-2 0 0 0 0 0 0 0 0 0 1
Ka32-1 0 0 0 0 0 1 0 0 0 0
Ka32-2 0 0 0 0 0 0 1 0 0 0
BellB407-1 0 0 0 0 0 0 0 0 0 1
BellB407-2 0 0 0 1 0 0 0 0 0 0
ABellB407-3 0 0 0 0 0 0 0 0 0 1

Table 3: Allocation of aircrafts to bases.
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In addition, we also obtain Table 4 indicating the number of aircrafts
per base in each time period. Only two planes coincide in station 10, which
is permitted because this base accommodates up to two aircrafts refueling
simultaneously.

$BbT
0 5 10 15 20 25 30 35 40 45 ...

B1 0 0 0 0 0 0 0 0 0 0
B2 0 0 0 0 0 0 0 0 0 0
B3 0 0 0 0 0 0 0 0 0 0
B4 1 1 1 0 0 0 0 0 0 1
B5 0 0 0 0 1 1 1 0 0 0
B6 0 0 0 0 1 1 1 1 1 1
B7 0 0 0 0 0 0 1 1 1 1
B8 0 0 0 0 0 0 0 0 0 0
B9 0 0 0 0 0 0 0 0 0 0
B10 0 0 1 1 1 1 2 2 2 1

Table 4: Number of aircrafts per base in each time period.

Similarly, Table 5 indicates the periods in which aircrafts made refueling
to minimize the time employee.

$AiT
0 5 10 15 20 25 30 35 40 45 ...

BellB412-1 0 0 0 0 1 1 1 0 0 0
BellB412-2 1 1 1 0 0 0 0 0 0 0
BellB212-1 0 0 0 0 0 0 0 0 0 0
BellB212-2 0 0 1 1 1 1 1 1 1 0
Ka32-1 0 0 0 0 1 1 1 1 1 1
Ka32-2 0 0 0 0 0 0 1 1 1 1
BellB407-1 0 0 0 0 0 0 1 1 1 1
BellB407-2 0 0 0 0 0 0 0 0 0 1
BellB407-3 0 0 0 0 0 0 0 0 0 0

Table 5: Periods in which aircrafts made refueling.

Table 6 details the liters of fuel remaining in each base after making the
assigned refueling.
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$NewFUEb
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10

1000 900 5000 5000 17000 14100 1100 1500 1800 2000

Table 6: Liters of fuel remaining in each base.

By graphical output, it is easily seen the bases that must be filled fuel
again. As we can see in Figure 2, base 10 decreases by more than 75 % their
initial capacity, therefore, it should be indicated to the operators to call a
tanker as soon as possible to fill the fuel tank of said base; this alarm is
shown in red. Another case is that of base 4, where the capacity is decreased
by more than 50 % but less than 75 %; latter alarm is displayed orange.
This figure also shows the aircrafts assigned to each base and the period in
which start charging.

Table 7 details the time of each aircraft is expected to perform, if neces-
sary, before begin refueling. We see that no aircraft has to perform a wait
until the end of the other aircraft refueling.

$TExp
BellB412-1 BellB412-2 BellB212-1 BellB212-2 Ka32-1 Ka32-2

0 0 0 0 0 0
BellB407-1 BellB407-2 BellB407-3

0 0 0

Table 7: Time performed by aircrafts begin refueling.

The optimal value of the objective function is shown in Table 8. This
value represents the sum of the refueling time that the aircrafts take to
perform that operation.

$obj
[1] 12.5

Table 8: Optimal value of the objective function.

It can be seen as the results shown in the figure and in the tables of this
subsection are consistent.
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Figure 2: Alerts caused by the level of refueling points.

3.3 The algorithms on bigger instances

In this section, we explore the feasibility of solving real-size instances in
reasonable execution times. To do this, we apply the two algorithms over
instances ranging from 3 to 12 aircrafts, from 3 to 6 water recharge points
and from 3 to 6 fire fronts. The algorithms have been solved in a notebook
Intel(R) Core(TM) i5-4200U CPU @ 1.60GHz 2.30 GHz with 8,00 GB of
RAM memory.

Table 9 lists the execution times (in seconds) solving with lpSolveAPI
for different instances. First column indicates the number of aircrafts, the
second one the number of water charge points, and the third one the number
of fronts. Column 4 indicates the mean time and column 5 the standard
deviation. Finally, column 6 shows the maximum value obtained for the
time of execution.
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Airplanes Water
points

Fronts Mean
Time

S.D.
Time

Max.
Time

3 3 3 0.0288 0.0437 0.2974
6 3 3 1.6305 3.9132 25.8624
9 3 3 148.5566 349.8206 2055.2332
12 3 3 3600.0000 NA NA
3 6 6 96.8911 515.3076 3600.0000
6 6 6 3600.0000 NA NA
9 6 6 3600.0000 NA NA
12 6 6 3600.0000 NA NA

Table 9: Executing times with lpSolveAPI.

Table 10 lists the execution times when using the solver Gurobi.

Airplanes Water
points

Fronts Mean
Time

S.D.
Time

Max.
Time

3 3 3 0.0528 0.2523 2.5276
6 3 3 0.0592 0.1665 0.8688
9 3 3 0.1689 0.3803 2.4638
12 3 3 9.1129 47.4721 330.9605
3 6 6 0.0508 0.0361 0.3339
6 6 6 0.0966 0.0936 0.8482
9 6 6 0.1889 0.1819 1.0124
12 6 6 71.4598 499.9814 3600.0000

Table 10: Executing times with Gurobi.

In Tables 9 and 10, we see that for some high values of the problem para-
meters that define the scenario, the execution time can be high, especially
with lpSolveAPI, but also in some cases with Gurobi.

To try to reduce these runtimes, we have scheduled with R the model
so that instead of grouping the different objectives into a single function,
we have considered them separately, and we have solved the resulting multi-
objective model through a lexicographic optimization method. The R code
for the proposed model and its resolution by the lexicographic optimization
method can also be asked to authors. Tables 11 and 12 show the execution
times corresponding to lpSolveAPI and Gurobi when using the lexicographic
optimization method.
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Airplanes Water
points

Fronts Mean
Time

S.D.
Time

Max.
Time

3 3 3 0.0226 0.0091 0.0670
6 3 3 0.3392 0.3534 1.9191
9 3 3 30.3146 52.3201 299.1597
12 3 3 3600.0000 NA NA
3 6 6 0.3190 0.3590 2.9261
6 6 6 432.4068 931.9435 8518.4585
9 6 6 3600.0000 NA NA
12 6 6 3600.0000 NA NA

Table 11: Executing times with lpSolveAPI and lexicographic method.

Airplanes Water
points

Fronts Mean
Time

S.D.
Time

Max.
Time

3 3 3 0.0398 0.1071 0.4220
6 3 3 0.0537 0.0826 0.3340
9 3 3 0.0866 0.1083 0.3980
12 3 3 0.1500 0.1754 0.7020
3 6 6 0.0821 0.1477 0.3140
6 6 6 0.1988 0.1211 0.5250
9 6 6 0.3797 0.3213 1.9640
12 6 6 0.9930 1.3365 9.8915

Table 12: Executing times with Gurobi and lexicographic method.

Figure 3: Execution time with different scenarios, solvers and methods.

We should mention that in the second model which is introduced in this
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paper, the execution times do not suffer in any way significant increases
because we have to keep in mind that it is rare to find more than 10 aircrafts
refueling at a time. However, in the first model if one considers more than
10 aircrafts, the execution of the algorithms may be slower.

4 Conclusions

In this work, we present two integer linear programming models that solve
two real problems that can be found by the traffic control coordinator in a
forest fire service. To solve these real problems, we follow a novel way that
constitutes an innovative approach taken from the Operations Research, as
far as we can know. These models are programmed and solved exactly by
using a free software tool such as R. In several examples totally inspired
by real situations we see that the model resolution is fast. These features
indicate, in our opinion, that this material may be useful as a tool to support
decision making conducted by the coordinators of traffic control in this type
of fire. In fact, along with other tools that our work team has created, as
collision avoidance algorithms, this material will be properly integrated into a
more complex, complete and user-friendly system for decision support, which
also incorporates modern methods of image processing and presentation.

In the models we have defined, resource allocation to wheels and to re-
fueling points is performed. It is important to note that once made this
assignment according to certain objectives and restrictions, aircrafts are to
integrate effectively the task of extinction and now we will have the necessity
of take into consideration a temporal assignment that includes time sched-
ules of pilot work, rest periods, time of flight from the ground, etc. We are
currently working on an efficient allocation of this time contemplating the
various restrictions and computing costs associated with extinction working
according to the C + NVC philosophy mentioned in the introduction to this
work.
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