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Abstract 
PROARCO (Programa de Prevenção, Controle e Combate a incêndios florestais na 
Amazônia), a program for the prevention and control of burning and forest fires in the Arc of 
Deforestation, began in the spring of 1998. The program is jointly administered by the 
Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis (IBAMA, the 
Brazilian government’s official environmental agency), and the Ministry for the Environment, 
Water Resources, and the Amazon region. The program was designed to monitor agricultural 
burning and forest fires including monitoring fire risk, to enforce regulations regarding the 
use of fire in land management, prevent and combat forest fires, and to establish a strategic 
task force. The fire monitoring program managed by IBAMA collected fire pixels counts from 
1998 to 2002 and used them as a measure of wildfire threats for the Amazon region. The 
objective of the study is to develop a performance index based on the frequency of fire pixel 
counts and explanatory variables related to land management, census and agricultural data to 
compare the efficiency of fire risk monitoring actions in municipalities of Brazilian Amazon 
region. The index was developed using data envelopment analysis (DEA). 

Keywords: Data envelopment analysis, fire hot pixels, efficiency, Amazon Region, fire 
monitoring 

1 Introduction 
In 1998, a program for the prevention and control of burning and forest fires in the Arc of 
Deforestation named PROARCO (Programa de Prevenção, Controle e Combate a incêndios 
florestais na Amazônia) was created. Among other activities, its mission was designed to 
monitor agricultural burning and forest fires including monitoring fire risk, to enforce 
regulations regarding the use of fire in land management, prevent and combat forest fires, and 
to establish a strategic task force. It is jointly administered by the Instituto Brasileiro do Meio 
Ambiente e dos Recursos Naturais Renováveis (IBAMA, the Brazilian government’s official 
environmental agency) and the Ministry for the Environment, Water Resources and Amazon 
region.  

The fire monitoring program managed by IBAMA collected fire pixels counts from 1998 to 
2002 and they are used as a measure of wildfire threats for the Amazon region. Fire pixels are 
defined as 4-channel AVHRR image pixels with values in thermal channel 3 (3.9µm) above a 
prescribed threshold (Setzer, 1993). 

The objective of this study is to develop a performance index based on the fire pixel counts 
and explanatory variables related to land management, census and agricultural data to compare 
the efficiency of fire monitoring risk actions in municipalities of Amazon region. To develop 
such index, data envelopment analysis (DEA) was used. 
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This study is organized as follows: in section 2 data envelopment analysis (DEA) methodology 
is briefly described; the results of an application of DEA using variables related to fire pixel 
counts, land management, census and agricultural data are described in section 3 and 
conclusions are drawn in the last section.  

2 Data envelopment analysis 
Data envelopment analysis (DEA) is a methodology that has been used to evaluate the 
efficiency of entities (for example programs, organizations, etc) which are responsible for 
utilizing resources to obtain outputs of interest. It is an empirically based methodology that 
eliminates the need for some of the assumptions and limitations of traditional efficiency 
measurement approaches (such as without requirement explicit specification of function 
relations between inputs and outputs as in regression analysis). 

When efficiency is mentioned, relationship between quantities of items to be produced or the 
outputs and the available resources or inputs must be built and a measurement of efficiency 
may be expressed as ratios of outputs and inputs.  

Data envelopment analysis was first introduced in the literature in 1978 by Charnes et al 
(1978) (denominated as CCR model) and it assumes the following forms 
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This model is designed to evaluate the relative performance of some decision making unit 
(DMU), designated as DMU0, based on observed performance of j =1,..., n DMU’s. A DMU is 
to be viewed as an entity responsible for converting inputs into outputs. The values of yrj, xij > 
0 are constants which represent the observed amounts of the r-th output and the i-th input of 
the j-th DMU, j=1,.., n entities that applies i=1,…,m inputs and produce r=1,..,s outputs. The 
numerator of (1) represents a set of desired outputs and the denominator a collection of 
resources used to obtain these outputs. The ratio is a scalar value similar to ratio forms often 
used in accounting and other types of analyses. The optimum value h0

* can be viewed as an 
efficiency rating; for h0

*=1 means full efficiency and presence of inefficiency for h0
* < 1. The 

optimum values of ur
* and vi

* may be interpreted as weights when solutions are available from 
(1).  
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The problem expressed in (1) would be intractable if it is addressed directly. Fortunately it is 
possible to replace (1) by an equivalent linear programming problem employing the theory of 
fractional programming model (more details, see Charnes, Cooper and Rhodes, 1978) as 
follows: 
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Another model denominated BCC version is due to Banker, Charnes and Cooper (1984). The 
basic difference of the models (1) and (2) is the treatment of returns to scale and its 
formulation is . 
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where optimum u0
* indicates the return to scale possibilities. In this study, DEA is developed 

considering the model CCR and the application of such analysis is the subject of the next 
section (more details about DEA see Thanassoulis, 2001 and Cooper et al, 2004). 

3 Application of DEA to evaluate the performance of municipalities of Arc 
Deforestation in Brazilian Amazon region 
Traditionally Brazilians use fire as one of the primary means of renewing pastures and clearing 
fallen trees or shrubs in newly deforested areas. Thus, detecting and controlling fire in Brazil 
are complex task. The dry season of about four months (July to October) in the southern and 
central regions during the austral winter creates conditions very favorable for the widespread 
use and propagation of fires. Fire risk is more acute in the Arc of Deforestation (see Figure 4), 
a continuous area of three thousand kilometers in length and six hundred kilometers in width 
located in the southern Amazon region and covering partially eight northern and central-
western Brazilian states (totaling 256 municipalities). As stated in previous section, 
PROARCO was a program designed to monitor agricultural burning and forest fires including 
monitoring fire risk, to enforce regulations regarding the use of fire in land management, 
prevent and combat forest fires, and to establish a strategic task force. In this sense, settlement 
of fire brigade teams; administrative policies, educational campaigns were efforts to prevent 
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and combat forest fires developed in municipalities of Arc Deforestation. To apply DEA, the 
municipalities of Arc Deforestation in Amazon region are as the DMU’s to be evaluated; the 
variables related to land management, census and agricultural data of the municipalities in 
2000, specifically: 

• Area of the municipality; 
• Area supervised by PROARCO; 
• Male population; 
• Total population; 
• Extension in kilometers of unpaved and paved roads; 
• Quantity of cattle; 
• Agricultural area 

are used as inputs in DEA. And as outputs, two variables are considered: fire pixel counts and 
the number of green alerts. IBAMA has developed an alert system that consists of 
classification of hot spots in three classes: one is denominated green alert (any hot spot 
identified in a forested area or within the limits of Indigenous Area); the other two: yellow 
alerts and red alerts were not used since the presence of zeros is very frequent. For this study, 
it was considered the number of green alerts in 2000. The fire pixel counts from 1998 to 2002 
were collected [concerning to two classes of weather (dry and not dry weather) and two types 
of area (supervised and not supervised by IBAMA)]. The data of 1998 was excluded since it 
presents many missing values. For both variables, the next transformation was used: 

11rj rjy ( k )−= +   

where krj denotes the fire pixel counts or the number of green alerts of r-th DMU. 

In this study, DEA is applied to evaluate the forty five municipalities located in Maranhão 
state included in Arc of Deforestation. The DEA results are summarized by the descriptive 
statistics (see Tables 1-5). 

 

Table 1 Descriptive statistics of efficiency. 

 Class Mean Std dev Q1 Median Q3 

Weather Dry 28,89 30,95 8,03 16,17 34,64 

 Not dry 38,74 30,09 14,71 33,00 50,00 

area Not supervised 34,50 28,59 14,50 31,57 44,58 

 supervised 33,67 31,45 9,00 23,11 50,00 

year 1999 29,91 24,84 12,66 20,00 45,93 

 2000 63,03 31,50 35,05 54,38 100,00 

 2001 22,89 18,66 11,42 19,16 32,24 

 2002 19,73 26,28 4,43 9,00 25,00 
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Table 2 Descriptive statistics of efficiency weather versus area. 
Weather area Mean Std dev Q1 Median Q3 

Dry Not supervised 27,39 26,31 9,25 20,06 34,64 

 supervised 29,26 32,04 7,20 15,88 35,26 

Not dry Not supervised 41,61 29,29 17,59 35,88 49,64 

 supervised 38,03 30,32 12,84 32,34 50,00 

 

Table 3 Descriptive statistics of efficiency year versus weather. 

year weather Mean Std dev Q1 Median Q3 

1999 Dry 22,94 26,31 7,67 17,89 20,00 

 Not dry 36,75 21,41 17,63 37,10 50,00 

2000 Dry 63,50 31,19 35,05 54,38 100,00 

 Not dry 62,56 32,08 34,74 54,38 100,00 

2001 Dry 19,55 18,11 8,67 15,49 25,00 

 Not dry 26,24 18,76 12,07 27,96 33,00 

2002 Dry 10,07 14,22 3,17 5,82 9,00 

 Not dry 29,39 31,65 5,87 14,60 38,82 

 

Table 4 Descriptive statistics of efficiency year versus weather. 

year area Mean Std dev Q1 Median Q3 

1999 Not supervised 31,86 25,51 16,56 24,73 40,30 

 Supervised 29,43 24,80 10,65 20,00 48,55 

2000 Not supervised 54,84 30,54 34,62 46,57 100,00 

 Supervised 65,05 31,57 35,05 63,89 100,00 

2001 Not supervised 24,71 21,26 8,68 20,46 32,90 

 Supervised 22,45 18,07 11,43 19,16 32,21 

2002 Not supervised 26,59 27,27 5,23 16,63 36,03 

 Supervised 18,05 25,91 4,37 8,68 15,81 

 

Table 5 Efficiency by municipalities of Maranhão State. 

 Name of municipalities Id # Mean Std. Dev. Q1 Median Q3 Average fire pixel counts

Amarante do Maranhão 3 9.1 7.71 3.58 5.25 19.08 117.3 

Araguanã – MA 5 26.55 19.13 12.14 24.27 48.55 9.55 

Bom Jardim 9 7.19 5.35 2.9 4.78 14.5 75.8 

Bom Jesus das Selvas 10 22.13 13.38 9.33 17.38 34.57 63.6 

Buriticupu 13 23.99 14.38 8.67 34.64 34.64 57.8 

Centro Novo do Maranhão 22 24.83 20.91 6.5 15.77 53.26 92 

Lajeado Novo 42 57.31 39.91 21.25 41.5 100 15.45 
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Montes Altos 51 58.81 39.12 21.25 50 100 14.00 

Santa Luzia do Paruá 68 24.26 13.56 10.54 31.94 32.24 12.65 

São João do Carú 77 52.29 35.23 20.12 38.57 91.86 7.55 

Sítio Novo 80 25.49 15.59 10.37 23.39 40.13 30.8 

Açailândia 90 6.75 5.99 1.86 4.58 13.81 252.6 

Alto Alegre do Pindaré 94 14.78 13.56 4.12 10.17 30.67 106.9 

Amapá do Maranhão 96 56.4 37.8 20.1 43.3 100 32.2 

Boa Vista do Gurupi 115 59.8 35.4 33 50 100 4.8 

Buritirama 121 45.3 35.7 21.3 29 87.5 23 

Campestre do Maranhão 122 29.87 22.94 12.78 23.96 55.91 21.4 

Carolina  127 9.9 8.79 2.72 6.72 20.26 107.1 

Carutapera 129 71.3 31.5 37.6 77.1 100 5.5 

Cidelândia 132 28.02 24.34 7.63 18.82 56.77 49.4 

Davinópolis 143 56.2 38.8 21.3 47.7 100 17.4 

Estreito 149 11.22 9.78 3.06 7.55 22.77 55.3 

Governador Edison Lobão 154 43.6 37.1 14 29 87.5 20.4 

Governador Newton Bello 155 25.16 18.1 11.05 21.59 45.51 20 

Imperatriz  157 26.5 33.1 4.13 17.4 39.5 51.8 

Itinga do Maranhão 163 16.02 12.99 7.18 10.42 31.41 22.2 

João Lisboa 165 31.21 26.37 8.75 20.27 62.93 77.6 

Junco do Maranhão 167 56.3 37.9 27 41.5 100 15 

Nova Olinda do Maranhão 184 23.14 18.76 10.37 15.04 45.37 27.1 

Pedro do Rosário 194 31.31 21.03 14.98 23.32 55.48 23.6 

Pinheiro 197 24.75 18.57 10.19 19.1 46.44 46.6 

Porto Franco 202 27.82 24.21 7.57 18.7 56.41 32.2 

Presidente Médici - MA 205 65.5 38.1 27 75 100 7.5 

Presidente Sarney 206 56.5 37.5 25.1 41.5 100 20.4 

Ribamar Fiquene 210 48.9 35.2 19 37.1 89.5 21.9 

Santa Helena 217 34.9 29.6 11.3 23.2 70 31 

Santa Luzia 218 5.21 4.44 1.63 3.47 10.48 230.5 

São Francisco do Brejão 222 46.4 34.1 20.1 39.2 82.6 27.8 

São João do Paraíso 224 26.79 20.96 8.67 19.14 51.02 36.4 

São Pedro da Água Branca 226 63. 41.2 21.3 75 100 16.8 

São Pedro dos Crentes 227 48.4 34.8 21.3 41.5 87.5 18.1 

Senador La Rocque 231 24.51 17.63 10.77 21.03 44.33 86.5 

Turilândia 239 58.4. 36.1 33 45.2 100 20.1 

Vila Nova dos Martírios 243 45.6 35.6 21.3 29.9 87.8 44.1 

Zé Doca 248 15.41 12.16 7.24 9.91 29.79 43.3 
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Figure 1 Box-plot of efficiency by weather, type of area and year. 
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Figure 2 Efficiency by weather and type of area 
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Figure 3 Efficiency of efficiency by year and (weather and type of area). 

 

From Table 1, some coherent results can be picked up: the average of efficiency is lower in dry 
weather corroborating the earlier statement “dry season of about four months (July to October) 
in the southern and central regions during the austral winter creates conditions very favorable 
for the widespread use and propagation of fires”. Similar efficiencies are observed in different 
types of area (supervised and not supervised by IBAMA) although it is expected more 
efficiency in supervised areas. The average of efficiency in 2000 is higher than other years, 
since the PROARCO was created in the spring in 1998, it is reasonable the results of its action 
appeared delayed. However, the efficiencies in 2001 and 2002 are worse than 1999. These 
same results are observed when efficiency is jointly analyzed by year and the weather or type 
of area (see tables 3-4) When the efficiency is jointly analyzed by weather and type of area, 
some interesting can be observed: in no dry weather and area not supervised showed better 
performance index (see Table 2). Box plots of these results are in Figures 1-3.  

The efficiencies of the municipalities of Maranhão state in Arc of Deforestation are 
summarized in Table 5. In a total of forty five municipalities, only twelve municipalities 
(approximately 27%) present efficiency over 50%; five municipalities are below 10% and six 
municipalities are close to 50%. These results are in accordance to the average of fire pixel 
counts put in the last column of Table 5. Figure 4 presents the location of these municipalities: 
the dark gray ones are the municipalities with efficiency > 40%; the medium gray ones are 
municipalities with efficiency < 10% and the light gray ones with efficiency in the interval [10; 
40].  
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Figure 4 Location of the municipalities of Maranhão State in the arc of deforestation. 

4 Conclusion remarks 
In this study an efficiency index was obtained by DEA. This methodology was applied in a set 
of municipalities in the Arc of Deforestation, specifically in Maranhão state. The results 
pointed out that efficiency indices present less variability in dry weather and in supervised 
areas. Higher average levels of efficiency (higher variability also) are observed in 2000. In 
next steps the methodology will be extended to the municipalities of other Brazilian states 
included in the Arc of Deforestation. 
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