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Abstract 
The aim of this study was to produce a map of susceptibility to fires in vegetation within the urban perimeter of 

the city of Uba, MG, Brazil, with the use of information related to topography, land cover and land use and the 

proximity of access roads and urban areas, using GIS techniques. From the validation of the generated 

cartogram, it was observed that 80 % of cases were located in areas of high and very high risk, 15 % in medium-

risk and 5 % in areas of low and very low risk. Was observed in this study that the largest number of 
occurrences is concentrated near urban areas. In other studies, these authors found that, besides the 
favourable physical environment it is necessary a causative agent to fire occur. In area of very high or very 

low risk, the event will only occur from an initial cause or source of heat. This mapping will serve as a tool for 

establishing public policies to prevent power, acting in promoting awareness and control measures in the areas 

of highest risk. 
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 Introduction  

  

Fire is a growing problem in the remaining tropical forests in the world. Despite years of scientific 

study and all the media attention in relation to forest fires, the effects they cause to the environment 

have also been ignored (Silva et al., 2003). 

Fires in vegetation generate various economic, landscape and ecological damage and can occur in 

protected or conservation areas, farms, roadsides, proximity to urban areas and reforestation areas, 

besides other places (Fiedler et al., (2006). Anyway, fires occur when several factors associated with 

combustion and fire propagation become favorable to the ignition and spread of flame (Nogueira et 

al., 2002). 

There are two types of factors that determine the degree of fire danger. The constant factors that are 

represented by the type of fuel, which involves different types of vegetation and topography and the 

variable factors that are represented by atmospheric conditions (Torres et al., 2011). The slope, aspect 

and the use and occupation of land are examples of these variables. 

According to Batista (2000), the topography influences the climate and determines the type of fuel. 

Considering that fire behavior is largely the result of climate and fuel available, it can be said that the 

topography also has a decisive influence on fire behavior. 

Surfaces with different orientations and slope receive different amounts of solar radiation compared 

to a horizontal surface at the same location and time of year (Torres & Machado, 2011). The studies 

of Torres et al. (2010a) shown that the concentration of largest number of fires on the North (43 %), 

followed by Western a (27 %), East (18 %) and South aspect (12 %) with fewer occurrences. This is 

due the sun, during most of the year, culminates in Zenith north of the city, because of latitudinal 

position. This factor tends to raise the temperature in the North aspect influencing more fuel load and 

fire occurrences. Regarding the slope Ribeiro et al. (2007) shown that the increased of the fire intensity 

in this areas is due to the approaching flames and fuel compared with smooth areas, heating the fuel 

quickly.
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According to Viegas (2004), the spread of fire in slopes is distinct from that in areas without slope due 

to the effect of additional factors such as convection and radiation behavior. If there is slope and the 

presence of wind, the propagation rate tends to increase. 

In addition to relief, the fuel is crucial in the fire occurrence. Evaluating coverage torched in the city 

of Uba (MG), Torres et al. (2010a) observed that the most forest vegetation tends to hold moisture 

better than herbaceous, recording 80 % of the occurrences of fires in fields and pastures and 5 % in 

forests. 

The type of material and their arrangement facilitate the ignition and spread of fire. The thinner 

material has lower ignition temperature and loses their moisture faster (Nunes, Soares & Batista, 

2006), facilitates the start of the fire and accelerates its spread. Also according to these authors, the 

proximity and uniform distribution of the fuel particles facilitate the spread, also favoring the 

occurrence of fire on the fields, pastures, and urban vegetation areas. 

On the other hand, bushes or trees intercept the radiation, reducing the temperature of the air and the 

fuel in its interior (Nunes et al., 2008). They also act as a barrier, preventing the free passage of air 

currents, reducing the wind speed inside. This reduces evaporation, making the drying of the fuel. 

Furthermore, transpiration of forest material provides an increase in relative humidity in the forested 

area. 

However, it is not enough that the factors directly associated with the occurrence of forest fires are 

favorables, the initial flame is necessary to fire occurrence. Thus, any action to prevent forest fires 

should seek the elimination of its causes (Nogueira et al., 2002). 

According to Soares and Cordeiro (1974), Soares and Santos (2002), Bonfim, Ribeiro and Silva 

(2003), Santos, Soares and Batista (2006), and Torres et al. ( 2010b), the main cause of fires is human 

activity, such as smoking, burning to clean, incendiary fires and recreation. Thus, next to roads and 

urban areas tend to be more susceptible to fire occurrences. 

Because of the constant character of the listed factors (slope, aspect and land use), they become 

valuable in establishing susceptibility maps to fires. It is essential to know where the fires occur to 

determine the areas of high risk or high susceptibility (Soares and Santos, 2002) for these regions by 

establishing specific programs. The risk zoning or fire risk maps according to Batista (2000) have been 

used very effectively as a fundamental tool in the rational planning of resources for prevention and 

pre-suppression of fires on vegetation. 

Faria, Silva and Goes (2003) affirm that the use of tools linked to a Geographic Information System 

(GIS), allows increase knowledge about the relationships between environmental phenomena, 

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. 

The aim of this study was to produce a map of susceptibility or risk to fires in vegetation inside the 

urban area of Uba city (MG), using informations related to relief, use and land cover. This mapping 

will serve as a tool for establishing public policies for prevention, acting in the public awareness of 

power as well as control measures in the areas of highest risk. 

 

 Methods  

 

The Municipality of Uba is located in the physiographic mesoregion denominated Zona da Mata 

Mineira, Minas Gerais State, 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 (IBGE, 2010). 

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 whereas 8,790 

hectares (21.6 %) has an intermediate topography. The remaining area (4,050 hectares, 8.9 %) has a 

mountainous structure. 
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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 %. 

The susceptibility cartogram of fires was done using ArcGIS 9.3 software to generate the maps of 

Slope, Aspect and Use and Occupation of the soil. These maps were overlaid, allowing the 

determination of more susceptible areas to fires. 

In this sense, to construct the maps of declivity and exposure of slopes was produced a Digital 

Elevation Model (DEM) (Figure 1) by interpolating the contours of 10 - 10m, extracted from Aerial 

Images Orthorectified range of 1:10,000, November 2005. 

 

 

Figure 1. Modelo Digital de Elevação do perímetro urbano de Ubá – MG 

The land use map was originated by visual interpretation of orthorectified images. They were vectored 

the major classes of land use in the urban area of the municipality: forest, brushwood (capoeira), 

pasture, agriculture, water bodies, exposed soil and constructed area. To check the classification 

performed in the laboratory, georeferenced points in the field were collected, thus ensuring the 

reliability of the data. 

After generation of cartograms regarding declivity (Figure 2), Aspect (Figure 3) and Use and 

Occupation of the soil (Figure 4), the classes were analyzed relating to each of these maps. Grades 

were assigned to each of these classes according to weight of respective class of occurrence (Table 1). 
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Figure 2. Slope of the urban perimeter Uba - MG 

 

Figure 3. Exposition of the Sun aspects the urban perimeter of Uba - MG 
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Figure 4. Use and occupation of urban perimeter Uba - MG 

 

Table 1. Table notes the statement of the Fire Risk 

Use and occupation Exposition of the Sun Slope 

Class Weight Class Weight Class Weight 

Forest 3 North 10 0º a 10º  2 

Capoeira 7 West 8 10º a 20º 4 

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 notations used in Table 1 were based on Torres et al. (2008) and Torres et al. (2010a) 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. 
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Figure 5. Decision tree for fire risk 

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

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

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

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

around them. This was based on Torres et al. (2008) that describe the risks of fires in road borders and 

urban areas peripheries. The final product of these crossings was the cartogram of Susceptibility of 

Fires in vegetation within the urban area of the municipality of Uba, Minas Gerais Brazil (Figure 6). 
 

 Results and Discussion  

 

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

of Uba - MG (Figure 6) is supported by hazard classes shown in Table 2. 

 

 

Figure 6. Map of forest fires in the urban perimeter of Uba - MG 
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Table 2. Areas according to the class of risk 

Class Ha (%) 

 Null 1276,1 13.7 

Very Low  4636,7 49,8 

Low 2480,5 26,5 

Middle 289,0 3,1 

High 555,8 5,9 

Very High 96,0 1,0 

Total 9334,1 100% 

 

It is observed that the risk areas are concentrated near urban areas. 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. 

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 (Table 3). 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. These data demonstrate that the generated map portrays well the 

situation of vegetation fires in the urban area. 

Table 3. Percentage of occurrences according to risk class 

Risk Class % of occurrences 

Null 0% 

Very Low 1% 

Low 4% 

Middle 15% 

High 28% 

Very High 52% 

 

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 middle and 5% in low susceptibility. 

 

 Conclusion 

 

According to the results, it was concluded that: 

- The scores and weights used have produced a cartogram that reflects the susceptibility to fires 

in the urban area of Uba, Minas Gerais, Brazil; 

- Areas with Northern aspect, greater slope and near the roads were major points of 

susceptibilities to occurrences; 

- Most of the areas classified as very high risk, as well as incidents recorded by the Fire 

Department, surrounding the urban area and access roads reflect the high influence of anthropogenic 

activity; 

- the inclusion of changeable factors in the methodology will increase the reliability of the 

generated cartogram; 
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- the cartogram generated serves as a tool to aid the development of strategies for fighting fires 

in the municipality; 

- the methodology is simple and shows likely to be used in other areas with the same issue. 
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