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 Background: Fire is a natural element present in all forest ecosystems and influencing 

many of its functions. This mapping will serve as a tool for establishing public policies 

for prevention, acting in the awareness of public power as well as control measures in 
the areas of highest susceptibility. Objective: The objective of this study was to pro-

duce a map of susceptibility to fires in vegetation inside the urban area of Ubá city 

(MG), using information related to relief, use and land cover. The map was done using 
ArcGIS 10.1 software to generate the maps of Use and Occupation, Slope and Aspect. 

These maps were overlaid, allowing the determination of more susceptible areas to 

fires. Results: It is observed that the susceptibility areas are concentrated near urban 
areas. This is due to the human presence as the main source of ignition of fires. On 

other hands, even in an area classified as very high susceptibility area, the fire will 

occur only if the initial flame, ordinarily, is associated with cleaning burning, smoking 
and arson. The same occurs in areas classified as very low susceptibility; if there is the 

ignition, the susceptibility of fire is high in these areas. To analyze the effectiveness of 

the cartogram generated, were used the geographical coordinates of all occurrences in 
the urban area in the period 2006-2012. It was recorded 732 events in the urban perime-

ter of study area, with 80 % of those located in areas of high and very high susceptibil-

ity and 5 % in areas of low and very low susceptibility. Conclusion: The methodology 
is simple and shows likely to be used in other areas with the same issue, having near or 

better results than other more complex methodologies studies.  

 

INTRODUCTION 

 

Forests being an imperative resource play a crucial role in maintaining the earth's Ecological balance. The 

key factors of deforestation are clear cutting of trees, tree theft, forest fires etc. (Latha and Kumar, 2016). Forest 

fire occurrences cause destruction of biodiversity on the planet (Maraboti et al., 2016). Fire is a natural element 

present in all forest ecosystems and influencing many of its functions such as regulating plant succession and 

wildlife habitat, recycling of nutrient, maintaining biological diversity, reducing biomass and controlling insect 

and disease population (Assaker et al., 2012). 

Although fire does have beneficial impacts on many natural forest ecosystem processes, it also poses threats 

to public safety, property, and other forest values (Acuna et al., 2010). The negative impacts include air and 

water pollution, loss of biodiversity, land degradation, desertification, soil erosion, impairment of human health 

and safety as well as loss of human life (Assaker et al., 2012). During each year, fire burns large portions of  

world, and fire management agencies spend significant amounts of money on efforts to limit its destructive 

impact (Acuna et al., 2010). 

http://www.ajbasweb.com/
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Forest fires had massive impact on following countries like Indonesia, Brazil, Mexico, Canada, USA, 

France, Turkey, Greece and Italy. Forest fire affected million of hectares of forest flora and fauna throughout the 

world every year (Kangaet al., 2014). 

The economic losses in terms of suppression costs and property damage have been staggering, not to 

mention the tragic loss of human life. Many of these fires have taken place at the wildland-urban interface 

predominantly natural areas which are increasingly being encroached upon by human habitation. As the 

population increases in these areas, there would appear to be potential for increased risk of economic and human 

loss. A wildland-urban interface is defined as “any area where industrial or agricultural installations, 

recreational developments, or homes are mingled with natural, flammable vegetation” (Braun et al., 2010). 

The spread of a wildfire in a particular area depends on many factors but most importantly, it is influenced 

by local weather, vegetation, and geography. Of these three factors, the geographical features remain static, 

while vegetation changes gradually over time. In addition, changes in human land use patterns, such as 

industrial forestry, or urban expansion can lead to changes in vegetation. Weather is the most dynamic factor 

affecting fire susceptibility. The unpredictable nature of weather makes modelling forest fire spread a difficult 

task (Braun et al., 2010). Nonetheless, the risk of wildfire in a region can be estimated using techniques of 

Geographic Information System (GIS).  

Various studies have applied Geographical Information Systems to map of fire risk areas in forests 

(Eskandari et al., 2013). The use of tools linked to a GIS, allows increase knowledge about the relationships 

between environmental phenomen, estimating risk areas, potential environmental and defining zoning. The 

cartograms generated provide a layer on the various components of the environment, such as slope, use and 

cover, soils, geomorphology, and others, besides to allow the overlap of the generated maps (Torres et al., 

2014). 

The fire risk maps enable managers to plan long-term strategic fire prevention activities, yet until recently, 

fire risk maps were produced at resolutions too coarse to allow strategic planning at local levels (Paz et al., 

2011). 

The relevance that the local level has for the success or failure of certain policies implies that policy princi-

ples and measures will have to be adjusted to the real and specific possibilities for intervention which derive 

from that particular territorial context (Galiana et al., 2013). 

Every region - even neighboring ones - has its own specific fire-historical context, and thus emphasizes the 

need for local fire history studies in order to better understand fire regimes (Pezzati et al., 2013). 

For predictive purposes, producing the model is not enough, and it is crucial to gain estimate of degree of 

reliability in model results. Validation is an attempt to increase the degree of confidence that the events inferred 

by a model will in fact occur under the assumed conditions (Power, 1993).  

Vijayakumar et al. (2015) discussed above show the importance of lengthening the historical records of fire 

history maps in order to provide a better perspective on the actual changes of fire regime and to better under-

stand the relationship between fire activity and environment. 

Thus, the aim of this studyis to establish a trusted methodology for  provide the tool for the coordination of 

all the involved agencies/services that must take the necessary measures for the defense against a disaster of 

such a size, and also the exact place, timing and way of realization of these measures. 

To as certain the effectiveness of the methodology used andthe possibility of use in other locations, we aim 

to answer the following questions in particular: 

 The informations used reflects well the risk of fire? 

 The notes of each predictor class, weights of each set of information and way they have been crossed 

are efficient? 

 Established risk classes are according to the occurrences? 

 Compared to other more complex methods, the method created in this study was effective? 

 

MATERIALS AND METHODS 

 

Study area: 

The Municipality of Ubá is located in the physiographic mesoregion denominated Zona da Mata Mineira, 

Minas Gerais State, southeastern of Brazil. It lies between latitudes 21°16' to 20°57' South, and longitudes 

43°07' to 42°57' West. Its length is approximately 40,750 hectares and its population is about the 101,466 

inhabitants (Torres et al., 2014). 

The topography is represented by areas of strong wavy slope, comprising about 16,556 hectares (40.6 %) of 

its entire territory. However, other 11,354 hectares (27.9%) can be considered flat where as 8,790 hectares (21.6 

%) has an intermediate topography. The remaining area  (4,050 hectares, 8.9 %) has a mountainous structure. 

The vegetation type is compound by pasture cover an area of 75.51 %, followed by brushwood (capoeira) 

and woods with 16.2 % and agriculture with 4.9 %. 
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Preparation of cartograms: 

Several studies have proposed the integration of variables into a single fire model (Chuvieco and 

Congalton, 1989, Jaiswal et al., 2002, Carrão et al., 2003, Hernandez et al., 2006). This study integrates five 

layers of information: slope, vegetation, aspect, distance from roads and distance to building area.  

A Aerial Images Orthorectified in scale of 1:10,000 of November 2005 are used for the generation of the 

cartogram of Use and Occupation (Figure 1), a new shapefile was created in ArcCatalog tool and edited 

according to the use of classes by extension "Edit - create new features". Thus, the following classes were 

vectorized: constructed area, water bodies, exposed soil, forest, agriculture, capoeira and pasture. So to give the 

classification performed in the laboratory, were collected points in the field, with the help of GPS in order to 

supervise the classification, thus ensuring the reliability of the performed classification. 

 

 
 

Fig. 1: Useand occupationof urbanperimeterUbá-MG 

 

In developing the cartograms of Slope (Figure 3) and Aspect (Figure 4), was produced a Digital Elevation 

Model (DEM) (Figure 2), in which first was generated a TIN by "3D extension Analyt - create / modify TIN - 

create TIN from features", which interpolated the level curves 10-10m (extracted from orthorectified images 

Airlines), the shapefile of the urban boundary and hydrography. Once generated, the TIN is converted into raster 

order to facilitate obtaining the slope and the slope exposure, this step was performed in the spatial extension 

analist - convert - TIN to raster. 

 

 
 

Fig. 2: Digital Elevation Model of the urban perimeter of Ubá–MG. 
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Fig. 3: Slope of the urban perimeter of Ubá – MG. 

 

 
Fig. 4: Aspects of the urban perimeter of Ubá – MG. 

 

Forest fires mapping: 

The susceptibility of fires cartogram was done using ArcGIS 10.1 software to cross the informations of Use 

and Occupation, Slope, Aspect and Distance from roads and building area. These maps were overlaid (Figure 5), 

allowing the determination of more susceptible areas to fires. 

The Use and Occupation cartogram was crossed with the Aspect cartogram, both with same weight, 

generating a Ease Ignition information. Both cartogram has a weight of 66% when crossed with the Slope 

cartogram (weight 34%), generating the Ease of Propagation information. 

This cartogram was overlaid to the proximity from roads and building areas, creating a 15-meter buffer 

around them. The values obtained by this intercrossing varied 0-3,144,000, being grouped into six risk classes: 

Null, with product equal to 0; Very low, 1-450,000; Low, from 450,001 to 900,000; Moderate, 900,001 to 

1,250,000; High, 1,250,001-1,700,000; Very High greater than 1,700,000. The final product of these crossings 

was the cartogram of Susceptibility of Fires in vegetation within the urban area of the municipality of Ubá, 

Minas Gerais Brazil. 
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Fig. 5: Decision tree for fire susceptibility of Ubá – MG. 

 

To the intersection of cartograms notes were used (Table 1) for each of the aspects in terms of its influence 

on fire occurrences, a higher weight indicates that the factor has a high degree of influence on the fire risk in an 

area. 

 
Table 1: Table notes the statement of the Fire Risk 

Useand occupation 
 

Aspect 
 

Slope 
 Distance from roads 

and building areas 

Class Weight  Class Weight  Class Weight  Class Weight 

Forest 3  North 10  0º a 10º 2  < 15 m 10 
Capoeira 7  West 8  10º a 20º 4  > 15 m 5 

Agriculture 5  East 6  20º a 30º 6    

Constructed area 0  South 4  30º a 40º 8    
Exposed soil 0     >40º 10    

Water bodies 0          

Pasture 10          

 

The values used in Table 1 were based on Torres et al. (2008) and Torres et al. (2010) who studied the 

profile of vegetation fires in the cities of Juiz de Fora and Ubá, both located in the Zona da Mata Mineira, Minas 

Gerais State, Brazil. The data of reclassified maps were overlaid, according to the tree of figure 5 decision. 

To analyze the effectiveness of the cartogram generated, were used the geographical coordinates of all 

occurrences in the urban area in the period 2006-2012.  

 

Results: 

The cartogram of susceptibility of fires in vegetation in the urban area vegetation of the municipality of Ubá 

- MG (Figure 6) is supported by hazard classes shown in table 2. 

 

 
Fig. 6: Map of forest fires in the urban perimeter of Ubá – MG. 
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Table 2: Areasand percentageof occurrences according to theclass ofrisk 

Class Area (ha) (% area) % of occurrences 

Null 1,276.1 13.7 0 
Very low  4,636.7 49.8 1 

Low 2,480.5 26.5 4 

Moderate 289.0 3.1 15 
High 555.8 5.9 28 

Very high 96.0 1.0 52 

Total 9,334.1 100.0 100 

 

It is observed that the risk areas are concentrated near urban areas. Looking at the aspect of the events, there 

was a concentration of greater number of fires on the slopes facing the North (43%), followed by strands to 

West (27%), East (18%) and South (12%) presenting fewer occurrences. 

Regarding the slope, 2% of events occurred with slope between 0º and 10º, 6% of 10º to 20º, 22% of 20º to 

30º, 26% of 30º to 40º and 44% in areas with slopes above 40º. 

The distribution of cases according to the land use was: 89.37% in pastures, 9.13% in capoeiras, 0.84% in 

forests and 0.56% in agricultural areas (including planted forests). 

It was recorded 732 events in the urban perimeter of study area, with 80 % of those located in areas of high 

and very high risk and 5 % in areas of low and very low risk (Table 2).  

 

Discussion: 

This is due to the human presence as the main source of ignition of fires. In studies conducted by Torres et 

al. (2008) and Torres et al. (2011), was identified that although the scenario created by the physical environment 

(slope, aspect, use and occupation of land) without causal agent there is no occurrence of the fire. On other 

hands, even in an area classified as very high risk area, the fire will occur only if the initial flame, ordinarily,  is 

associated with cleaning burning, smoking and arson. The same occurs in areas classified as very low risk; if 

there is the ignition, the risk of fire is high in these areas. 

These data demonstrate that the generated map portrays well the situation of vegetation fires in the urban 

area. 

The results were similar to those of Coura, Souza and Fernandes (2009) for the city of Rio de Janeiro, 

Brazil. The authors crossed the maps of geomorphology, aspect and land use and they obtained 79% of 

occurrences in areas of high risk, 16% on moderate and 5% in low susceptibility. 

In the studies by Oliveira (2013) in the city of João Pessoa (PB), through spatial modeling prediction of fire 

risk with fuzzy logic, most events were observed in moderate risk areas, totaling 57% of cases, followed by35% 

of cases located in low risk areas, 7% of fires in high risk areas and 1% of cases located in areas classified as 

null risk. 

Eskandariet al.(2013), using the Dongmodel for forests in northern Iran, found51% burned regions have 

laid in the very high and high risk regions. In addition, 30% burned areas have laid in the medium risk regions 

for forest fire. The area of the low and very low risk regions in the burned area is very limited (19%).Show in 

glower efficiency both in determining the largest areas and in lower susceptibility to fire. 

According Rajabiet al.(2013), also in Iran, 45.5%, were located in critical risk and high risk area, 35.8% of 

the consumed areas in medium risk area, and 18.7% of the burned area in low and very low risk area. 

Efficiency is also higher compared to studies of Cáceres(2011) in southeastern Honduras: 19% occurred in 

areas of high hazard, 34% in medium hazard and 47% in low hazard areas, using historical fire data, a correla-

tion between several variables and risk areas was determined. It was observed that 51% of historical fires oc-

curred in high and medium risk. 

For Catry et al. (2009), in Portugal, more than 50% of forest fires were located in high and very high risk 

classes although they only represent 7% of the country area and only 10% of the ignitions were located in the 

two lowest risk classes, which cover more than 65% of the country area. 

 

Conclusions: 

According to the results, it was concluded that none of the individual factors can explain the general pattern 

of the risk of fires in the vegetation region of study, moreover been observed some patterns, for example: 

The number of occurrences decreases moving away from urban equipment showing the anthropic influence 

on the start of the event, however, more inclined areas, especially down wind, more solar energy gain, as the 

slopes facing north (specifically in latitude studied) and vegetation with higher moisture loss facility (herba-

ceous and shrubby vegetation), had the highest number of occurrences, showing that despite the human influ-

ence, the physical environment (mainly controlled by climate) exerts significant control over the fire. 

Another situation observed was the second most affected vegetation was capoeira, areas in the early stages 

of regeneration, which may indicate the possibility of recurrent events in these locations. 

It is worth nothing that the differences between the risk classes are peculiar to the study area, thus an area 

classified as very high risk does not mean the mandatory occurrence, or an area classified as very low risk, the 
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impossibility of occurrence, but that in an area classified as very high risk is much easier to observe a fire situa-

tion compared to an area classified as very low risk. 

The map here generated can be a powerful tool for the public authorities in developing strategies both pre-

vention and combat, they may intensify the actions necessary in susceptible areas, providing a better balance of 

efforts and determining how and where these actions should be established. As stated, the importance that the 

local level is to the success or failure of certain policies implies that the principles and adopted measures need to 

be adapted to the real and specific possibilities for intervention arising from the particular local context. 

The methodology presented here, although simple, is shown which can be used in other areas with the same 

problem, since their results to show similar or even more efficient than other more complex methodologies 

including restricting its use depending on conditions each location. However it is noteworthy that the valuation 

of the different variables used should be according to the study area characteristics, so must be examined first as 

the interaction of these variables influences the fire regime, then have greater confidence in the establishment of 

weights and grades each predictive information. 
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