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 This paper analyzed the quality of the information regarding power outages 

caused by fires in the Brazilian transmission system in the years 2018 and 

2019. Six transmission line trunks with asymmetrical performance regarding 

fire-related outages in the period were selected. The selected trunks 

correspond to twelve 500 kV transmission lines with a total length of  

3,998 km. Outage, geospatial transmission line data and fire outbreak 

information was compared for twelve transmission lines of interest, all 

located in regions with a high incidence of fires. The results suggest that the 

data provided by the transmission line fault locating equipment is not 

accurate when compared to the fire outbreak data provided by satellites. 
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1. INTRODUCTION  

The main function of transmission lines (TL) is to transport large blocks of energy between the 

generation and load centers [1], [2]. To this end, these lines travel distances that can range from a few 

kilometers to thousands of kilometers. The operation of these facilities is often a major engineering  

challenge [3]. Until the end of 2016, the Brazilian transmission system was composed of 252 contracts 

distributed to 159 utilities, responsible for maintaining and operating 130 thousand km of transmission lines 

at voltages ranging from 138 to 800 kV as well as about 500 substations with an installed transformation 

capacity exceeding 320 GVA [4]–[6]. In 2019, the system had 51 thousand km of 500 kV transmission lines, 

with an estimated 75 thousand km to be reached in 2024 [7].  

The transmission systems are designed to absorb simple contingencies, that is, the loss of an 

installation or piece of equipment, without interrupting power supply to the final consumer [8]. To meet this 

requirement, it is common to find situations where two electrical points (substations) are connected by two 

different transmission lines [9]. In this situation, the set of lines that connect these electrical points are called 

trunks. These trunks can be understood more comprehensively as a set of transmission lines arranged in 

series or in parallel [10]. 

The performance of the Brazilian transmission system is monitored through a specific system, 

owned by the national grid operator. This system collects, classifies and consolidates the data on forced 

outages and disturbances for statistical purposes and the calculation of performance indicators [11]. The 

transmission utilities are responsible for providing the information on forced outages to the grid operator. The 

information must contain a brief description of the disturbance, informing the disconnected equipment, the 

type of defect, the involved phase, the location of the defect and the cause of the outage [12]. 

https://creativecommons.org/licenses/by-sa/4.0/
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The passage through rough terrain and the operation under adverse weather conditions facilitate the 

occurrence of failures in transmission lines. These failures can cause instability of the power system and lead 

to great economic loss. Locating and quickly removing faults in transmission lines can prevent the disruption 

of power grid stability [13]. With this in mind, several methods have been proposed for locating faults in 

power grids [14]–[17].  

Silva et al. [18] developed a fault location system for transmission lines using complex-domain 

neural networks. The test case analyzed a 100 km-long, 400 kV transmission line. Several simulations were 

made with variations of factors that could affect the fault location. The results indicated location errors 

representing between 0.55% and 6.82% of the line length, depending on the scenario. A transient signal 

spectrum was also used to study the location of defects on a 240 km line, operating at 400 kV. The fault 

location accuracy varied between 0.03% and 4.21% of the line length [19]. In both studies, the precision of 

the fault location decreased with the increase of the fault impedance. Defects caused by fires typically have 

an impedance between 10 and 70 Ω [20]. Occurrences caused by fires usually have a higher fault impedance 

value [21] than those caused by atmospheric discharges, and they are usually followed by an unsatisfactory 

automatic reclosing, leading to the need for manual reclosing and -sometimes- for inspection of the line by 

the maintenance team [22].  

Since 1989, Brazil has the National Center for the Prevention and Combat of Forest Fires (Centro 

Nacional de Prevenção e Combate aos Incêndios Florestais, Prevfogo). This is a specialized center within 

the Ibama framework and it answers for the forest fire prevention and fighting policies throughout the 

national territory, including activities related to educational campaigns, training and qualification of rural 

producers and fire fighters, monitoring and research. The system is composed of several units spread out 

across the country [23]. 

For the monitoring work, Prevfogo coordinates with the National Space Research Institute (Instituto 

Nacional de Pesquisas Espaciais, INPE), which runs the Queimadas program [24]. This program receives 

resources from the Amazon Fund [25] and it is the main fire detection system available at the national level. 

The Queimadas program generates and distributes several products on a daily basis, such as geographical 

coordinates of fire outbreaks, e-mail alerts of occurrences in areas of special interest, fire risks, smoke 

concentration estimates and the mapping of burned areas. All data and products are published on the internet 

at no cost to the user, about three hours after their generation.  

To carry out its work, the INPE uses all the satellites that have optical sensors operating at the 4 µm 

mean thermal band. Currently, the AVHRR/3 images of the polar NOAA-15, NOAA-18, NOAA-19, and 

METOP-B satellites, the MODIS images of the NASA TERRA and AQUA satellites, the VIIRS images of 

the NPP-Suomi satellite, and the images of the geostationary GOES-13 and MSG-3 satellites, are used. Each 

polar orbiting satellite produces at least two sets of images per day, and the geostationary satellites generate 

several images per hour, with INPE processing more than 200 images per day specifically to detect fire 

outbreaks in vegetation. The fire outbreak detection system for the polar orbit satellites can capture a fire 

front of about 30 m long by 1 m wide, or larger. For the geostationary satellites, the front needs to be twice 

this size to be located. The spatial resolution of the image, the "pixel", for the AVHRR (NOAA-18 and 19 

satellites) and MODIS (AQUA and TERRA satellites) sensors is 1 km x 1 km. In other words, a fire of a few 

dozen m2 will be identified as having at least 1 km2 [24]. 

The Queimadas program makes information available, free of charge, on fire outbreaks in all critical 

areas of the national territory. Figure 1 shows the coverage and detection area of fire outbreaks. In Figure 1(a) 

the quadrants highlighted on the map of Brazil represent a mosaic of images corresponding to the monitored 

areas. Figure 1(b) shows the detail of one of the mosaic scenes, with emphasis on the fire outbreaks.  
 

 

  
(a) (b) 

 

Figure 1. Fire outbreak detection coverage of the Queimadas program (a) overview of Brazil and (b) detail of 

area 220_067 located at the border of the states of Bahia and Tocantins [26] 
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Each cross in this image represents one or more detected fire outbreaks. The power transmission 

utilities have different tools at their disposal to locate defects caused by fires: the fault locating equipment, 

installed on the transmission line itself; and the spatial optical sensors, used by INPE. This work will evaluate 

the quality of the data reported to the grid operator regarding the outages caused by fires. 

 

 

2. METHOD  

Data was analyzed from forced outages that occurred in the Brazilian transmission system in the 

years 2018 and 2019 and which were declared by the transmission utilities to the national grid operator [11]. 

The obtained data contained information on the date, time, installation, outage cause and declared location of 

the defect. The outages caused by fires were selected based on this data. Six transmission line trunks with 

asymmetrical performance regarding fire-related outages in the period were selected. The selected circuits are 

highlighted in Table 1. 

 

 

Table 1. Transmission trunks and lines selected for the study [27] 
Trunks Installation Length (km) 

1 
TL 500 kV COLINAS/RIB.GONCALVES C 1 TO/PI  379 

TL 500 kV COLINAS/RIB.GONCALVES C 2 TO/PI  367 

2 
TL 500 kV IMPERATRIZ/COLINAS C 1 MA/TO  343 
TL 500 kV IMPERATRIZ/COLINAS C 2 MA/TO  343 

3 
TL 500 kV IMPERATRIZ/P.DUTRA C 1 MA  388 
TL 500 kV IMPERATRIZ/P.DUTRA C 2 MA  388 

4 
TL 500 kV RIB.GONCALVES/S.J. PIAUI C L3 PI  353 

TL 500 kV RIB.GONCALVES/S.J. PIAUI C L4 PI  353 

5 
TL 500 kV TERESINA II/P.DUTRA C C9 PI/MA  210 

TL 500 kV TERESINA II/P.DUTRA C C8 PI/MA  208 

6 
TL 500 kV TERESINA II/SOBRAL III C V8 PI/CE  334 
TL 500 kV TERESINA II/SOBRAL III C V9 PI/CE  332 

 

 

The six selected trunks cover the states of Piauí, Tocantins, Maranhão, and Ceará, as can be seen in 

Figure 2, and they correspond to twelve 500 kV transmission lines with a total length of 3,998 km. The 

forced outages due to fires that occurred in the period were highlighted for the six selected trunks. Using the 

Geospatial Transmission Management System (Sistema de Gestão Geoespacializada de Transmissão, GGT) 

[28], the geographic coordinates of each span between the transmission line towers of interest were obtained. 

Using the Queimadas program [24], data was obtained on the fire outbreaks that hit the spans of the 

transmission lines in the period of interest. The fire outbreak data were obtained with a resolution of 1 km2 

(INPE, 2020).  

 

 

 
 

Figure 2. Schematic of the analyzed transmission lines [27] 

 

 

The fire outbreak data were compared with the transmission line outage data in order to validate the 

cause of the reported outage. The location of the defect and the spans where fire outbreaks were identified on 
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the same date were also compared. Based on this information, the following could be assessed: i) whether the 

reported fire-related outages had associated fire outbreaks; ii) whether the location of the reported defect for 

the fire-related outage corresponded to the location of the fire outbreaks; and iii) whether or not a particular 

fire outbreak was capable of causing a transmission line outage at a specific date.  

To determine whether a fire-related outages was correctly reported, we looked for fires that affected 

at least one span of the transmission line on the same date as the event. Cases in which validations were not 

possible were classified as false positives. For validation, the following logical test was adopted: 

 

𝑖𝑓 𝐹𝑂𝑑𝑎𝑡𝑒 =  𝐹𝑑𝑎𝑡𝑒 

𝑡ℎ𝑒𝑛 𝐹𝑂𝑟𝑒𝑝𝑜𝑟𝑡 =  𝑇𝑟𝑢𝑒 

𝑒𝑙𝑠𝑒 𝐹𝑂𝑟𝑒𝑝𝑜𝑟𝑡 =  𝐹𝑎𝑙𝑠𝑒 

𝑒𝑛𝑑 𝑖𝑓 

 

where 𝐹𝑂𝑑𝑎𝑡𝑒 represents the date of occurrence of the outages due to burning of the transmission line, 𝐹𝑑𝑎𝑡𝑒 

represents the date of occurrence of the fire under the transmission line, and 𝐹𝑂𝑟𝑒𝑝𝑜𝑟𝑡  indicates whether the 

fire-related outages was correct (true) or not (false). 

To validate the location of the defect, the georeferenced position of the fire point pointed by the 

satellite was used as a reference and, from there, it was compared with the location reported by the fault 

locators of the transmission line protection. The location was validated with the following condition met: 

 

𝐹𝑑𝑖𝑠𝑡 − 𝜀 ≤  𝐿𝑑𝑖𝑠𝑡  ≤  𝐹𝑑𝑖𝑠𝑡 + 𝜀 (1) 

 

where 𝐹𝑑𝑖𝑠𝑡 represents the focus distance indicated by the satellite, 𝐿𝑑𝑖𝑠𝑡  represents the tripping distance 

indicated by the fault locator, and 𝜀 represents the margin of error considered. 

The analysis of the consequence of a fire under the transmission line was also carried out. The date 

of occurrence of the fire under the line was compared with the occurrence or not of its outage on the same 

date. In this case, disconnections with coincident dates were validated. For this purpose, the following logical 

test was adopted: 

 

𝑖𝑓 𝐹𝑑𝑎𝑡𝑒 =  𝑂𝑑𝑎𝑡𝑒  

𝑡ℎ𝑒𝑛 𝐹𝑐𝑜𝑛 =  𝑇𝑟𝑢𝑒 

𝑒𝑙𝑠𝑒 𝐹𝑐𝑜𝑛 =  𝐹𝑎𝑙𝑠𝑒 

𝑒𝑛𝑑 𝑖𝑓 

 

where: 𝐹𝑑𝑎𝑡𝑒 represents the date of occurrence of the fire under the transmission line, 𝑂𝑑𝑎𝑡𝑒 represents the 

date of occurrence of the outage of the transmission line, and 𝐹𝑐𝑜𝑛 indicates whether there was (true) or not 

(false) the outage of the transmission line caused by the focus. Based on the number of analyzed outages and 

the known environmental conditions during the study period, the number of outages incorrectly classified as 

caused by fires and the number of outages caused by fires whose defect location was inaccurate could be 

estimated for the entire Brazilian transmission system. 

 

 

3. RESULTS AND DISCUSSION 

Based on the ONS data, 7,439 forced outages occurred in the Brazilian transmission system between 

the years 2018 and 2019. Considering the 12 transmission lines (TL) under study, the number of 

disconnections was 165. The summarized classification of the causes of these outages can be seen in Table 2. 

Table 2 highlights the outages caused by fires and those without an identified cause. Considering the entire 

transmission system, 12.0% of the outages were caused by fires in the period. When we restrict the lines 

selected for this study, the percentage of outages caused by fires reaches 40.6%, being the main cause of 

outages in this set.  

 

 

Table 2. Forced outages in the Brazilian transmission system in the years 2018 and 2019 

Classification 
Entire transmission system System studied 

Number of outages Percentage of outages Number of outages Percentage of outages 

Other causes 5611 75.4% 81 49.1% 

Indeterminate 933 12.5% 17 10.3% 
Fires 895 12.0% 67 40.6% 

Grand total 7439 100.0% 165 100.00% 
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3.1.  Outages reported as caused by fires 

The 67 outages caused by fires in the lines of interest were compared with the historical data on fire 

outbreaks obtained from the INPE. For each outage, fire outbreaks were sought affecting at least one 

transmission line span at the same date of the event. The results of this analysis can be seen in Table 3, 

including details per transmission line under study.  
 

 

Table 3. Outages caused by fires in 2018 and 2019 broken down by lines of interest 

Installation 
Outages classified as caused by fires 

Total Validated Percent 

TL 500 kV Colinas/Rib. Gonçalves C1 3 2 66.7% 

TL 500 kV Colinas/Rib. Gonçalves C2 4 4 100.0% 
TL 500 kV Imperatriz/Colinas C2 1 1 100.0% 

TL 500 kV Imperatriz/P. Dutra C1 7 7 100.0% 

TL 500 kV Imperatriz/P. Dutra C2 3 3 100.0% 
TL 500 kV Rib. Gonçalves/S. J. Piauí C1 14 12 85.7% 

TL 500 kV Rib. Gonçalves/S. J. Piauí C2 19 16 84.2% 

TL 500 kV Teresina II/P. Dutra C1 2 1 50.0% 
TL 500 kV Teresina II/P. Dutra C2 5 5 100.0% 

TL 500 kV Teresina II/Sobral III C1 1 1 100.0% 

TL 500 kV Teresina II/Sobral III C2 8 7 87.5% 
Grand total 67 59 88.1% 

 

 

Table 3 reveals that in 8 out of 67 shutdowns (11.94%) classified as fires, it was not possible to 

identify fire outbreaks in any span of the line under analysis on the reported day. These outages could be 

considered false positives for fires. The existence of false positives was found in 5 out of 11 lines with 

reported outages caused by fires. It is important to note that in the TL 500 kV Imperatriz/Colinas C1, no fire-

related outages were reported in the years 2018 and 2019. Considering the 895 fire-related outages of the 

entire transmission system (see Table 2), one can state with a 95% confidence level and an error margin of 

±7.47%, that there are between 40 and 174 outages whose causes were wrongly classified as fires.  

 

3.2.  Accuracy of the reported defect location 

Considering the indicated position of the fire occurrence, the location reported by the fault locators 

was compared with the geospatial data of the fire outbreaks captured by the satellites. The comparison was 

made by span for each transmission line. Typically, power utilities use the fault locator data to report the 

location of defects in a transmission line. As described in several studies on the subject, however, fires are 

high-impedance disturbances, and in such cases the error of locator equipment can reach 6.82% of the line 

length [18]–[20], [29]. The average length of the twelve transmission lines under study is 330 km. That is, for 

these lines the fault locator error can reach 22 km.  

In the case of the location reported, therefore, an error of 10 km was considered in relation to the 

reported central point, which corresponds to a 20 km stretch of the line. The central point was obtained from 

the geospatial tracing of the transmission line and the indicated distance of the defect reported by the fault 

locator of the utility to the grid operator. For the fire outbreaks, a resolution of 1 km2 was considered as 

provided by the sensors of the constellation of satellites, even for fire fronts of only 30 m; that is, all the 

affected spans were considered within a 1 km radius from the central point of the occurrence of a fire 

outbreak. In the case of several adjacent fire outbreaks, the entire affected area was considered. 

All those outages where at least one of the spans reported by the fault locators of the line coincided 

with the span affected by the fire outbreak on the same date were considered as coinciding. A radius of 10 km 

was established considering the reported location of the outage. Within this radius, 19 fire outbreaks were 

identified that affected the installation. This was one of the outages classified as coinciding in Table 4.  

According to the data in Table 4, there are 22 fire-related outages where it was possible to identify fire 

outbreaks coinciding with the fault location reported by the transmitting agent. These 22 cases are those 

considered as accurately located and the remaining 37, considering only the validated set of outages in Table 3, 

are considered as inaccurately located. For the 895 fire-related outages of the entire transmission system (see 

Table 2), one can estimate with a 95% confidence level and an error margin of ±10.82%, that there are between 

504 and 698 outages classified as fire whose locations were reported inaccurately to the grid operator. 

It is important to highlight that both the grid operator and the transmission system utilities have tools 

to refine the location data of defects caused by fires in transmission lines, such as the data provided by the 

Queimadas program [24]. The use of fault location information proved to be inadequate for an analysis by 

transmission line span. Considering the wildfire phenomenon, fire outbreaks are one available type of 

information with adequate precision for the analysis by span.  
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Table 4. Classification of outages regarding the fire outbreak location 

Installation 
Classification of outages 

Validated Coincident Percent 

TL 500 kV Colinas/Rib. Gonçalves C1 2 2 100.0% 

TL 500 kV Colinas/Rib. Gonçalves C2 4 2 50.0% 

TL 500 kV Imperatriz/Colinas C2 1 1 100.0% 
TL 500 kV Imperatriz/P. Dutra C1 7 0 0.0% 

TL 500 kV Imperatriz/P. Dutra C2 3 0 0.0% 

TL 500 kV Rib. Gonçalves/S. J. Piauí C1 12 6 50.0% 
TL 500 kV Rib. Gonçalves/S. J. Piauí C2 16 7 43.8% 

TL 500 kV Teresina II/P. Dutra C1 1 1 100.0% 

TL 500 kV Teresina II/P. Dutra C2 5 2 40.0% 
TL 500 kV Teresina II/Sobral III C1 1 0 0.0% 

TL 500 kV Teresina II/Sobral III C2 7 1 14.3% 

Grand total 59 22 37.3% 

 

 

3.3.  Consequence of fire outbreaks on transmission line performance 

In the 2018-2019 period, INPE registered 47,762 fire outbreaks that affected the twelve transmission 

lines under study. Based on the day of each outbreak, a comparison was made with the outages of the 

transmission lines. Table 5 shows the results found per transmission line. 

 

 

Table 5. Fire outbreaks in the spans of the twelve analyzed transmission lines 

Installation 
Quantities of fire outbreaks 

Total outbreaks Outbreaks that caused the outage Percent 

TL 500 kV Colinas/Rib. Gonçalves C1 4200 133 3.2% 

TL 500 kV Colinas/Rib. Gonçalves C2 4432 287 6.5% 

TL 500 kV Imperatriz/Colinas C1 1255 53 4.2% 
TL 500 kV Imperatriz/Colinas C2 1070 8 0.7% 

TL 500 kV Imperatriz/P. Dutra C1 4622 99 2.1% 

TL 500 kV Imperatriz/P. Dutra C2 4735 88 1.9% 
TL 500 kV Rib. Gonçalves/S. J. Piauí C1 9839 2032 19.8% 

TL 500 kV Rib. Gonçalves/S. J. Piauí C2 9839 3145 32.0% 

TL 500 kV Teresina II/P. Dutra C1 2122 544 25.6% 
TL 500 kV Teresina II/P. Dutra C2 2144 516 24.1% 

TL 500 kV Teresina II/Sobral III C1 1558 78 5.0% 

TL 500 kV Teresina II/Sobral III C2 1513 276 18.2% 
Grand total 47762 7259 15.2% 

 

 

Through this analysis, it was concluded that there were 7,259 fire outbreaks that caused the outage 

of one of the twelve transmission lines for any reported reason. The reasons that lead a fire outbreak to cause 

an outage or not, are not the object of this study. It should be noted, however, that there is a higher prevalence 

of cause (outbreak) and effect (outage) in some specific lines.  

In TL 500 kV Rib. Gonçalves/S. João do Piauí C2, 32.0% of the fire outbreaks caused outages of the 

installation. In TL 500 kV Imperatriz/Colinas C2, only 0.7% of the outbreaks led to the outage of that circuit. 

Considering transmission lines trunks, the stretch between the Teresina II and Sobral III substations was 

observed to have a prevalence of 5% of outbreaks that caused outages for circuit 1 (C1) and 18.2% for circuit 

2 (C2), that is, 3.6 times higher. Considering that both transmission lines have equal origin and destination 

points and very similar paths, a more in-depth analysis is needed to explain this difference in performance. 

 

 

4. CONCLUSION 

For 11.94% of the outages classified as caused by fires in the period under analysis, no 

corresponding fire outbreak was detected. Considering the entire Brazilian transmission system, there may be 

up to 174 outages whose causes were mistakenly classified as fires. It was also found that in 67.16% of the 

outages declared as provoked by fires, there were no fire outbreaks within a 10 km radius of the point 

indicated by the fault locator. That is, in the years 2018 and 2019 there were at least 504 outages classified as 

fires whose locations were imprecisely reported to the grid operator. Finally, it was found that 15.2% of the 

fires that hit spans of the twelve transmission lines under study caused the outage of these equipment. When 

the transmission lines were analyzed individually, a significant difference was observed in the prevalence of 

the fires that caused outages. For an analysis by span, it is concluded that the fire outbreak data are more 

reliable than the data provided by the fault locating equipment of the transmission lines. 
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