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Abstract       Forrest and grassland wildfire is the main natural hazard in 
National Park Domogled - Cerna Valley . The number and the intensity of 
wildfires in this area have dangerously increased in the past decades. The 
aim of this study is to map and assest the fire ignition risk based on an hybrid 
index IRI (ignition risk index). The model combines geospatial data and GIS 
technology to construct the fire risk index. The following variables were 
derived for the study area: vegetation moisture, slope, aspect, elevation, 
distance from roads and vicinity of settlements. These variables are weighted 
based on their impact on the fire ignition risk using multi-criteria evaluation. 
Based on the obtained index values three risk zones were classified: low, 
medium and high risk. The resulted map zones were compared with past 
wildfire areas. The map can allow the park administrator a better organization 
in preventing and extincting fires.   
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Wildland fires are a common phenomenon in 

nature and often occur in many mountain regions 

(Torok et. Al, 2003). They represent a serious issue and 

cause major damage to ecosystems and biodiversity. 

In Romania there are more than 172.000 ha 

with high fire risk and also about 406.000 ha with 

medium fire risk, a total of over 578.000 ha with 

medium and high risk of fire.  (Ioan Adam, 2007). 

Until the need for alignment of the Romanian 

legislation with the European one, there has not been 

much concern for developing a rigorous fire risk 

methodology.(Ioan Adam, 2007). 

 European Union’s Joint Research Center 

(JRC) proposed in 2002  three groups of indices that 

are based on a temporal scale as : 

 Short-term (dynamic) indices which change 

moderately continuously over time (such as weather 

condition). These indices intend to detect the 

flammability of forest fuels during the fire season and 

hence it uses variables that changing in a short period 

of time (Chuvieco., et al 2005) . 

 Long-term (structural) indices. They do not 

change in short time such as topography,  slope, aspect, 

land-use , distance to roads and vicinity to urban areas, 

population density, climate, and soils (Pelizzari et al., 

2008, Chuvieco and Congalton, 1989; Aranha et 

al.,2001). 

 Integrated/Advanced indices that contain both 

structural and dynamic factors .The most critical issue 

in this approach is how to combine effectively the 

relevant variables to get a coherent criterion.( Caetano., 

et al 2004). 

Adab, et al (2011) used a hybrid fire index 

(H.F.I.) based on structural and dynamic indices to 

map the fire risk in Golestan Province – Iran. Erten, et 

al (2002) used a structural index (based on topography, 

vegetation type, distance from roads and settlements) 

for presenting the forest fire risk zone map in Gallipoli 

Peninsula, Turkey. Caetano, et al (2004) combined 

structural and dynamic indices to map a forest fire risk 

that can be updated in daily scale in central Portugal in 

the fire season. 

Mapping the fire risk for Romanian forests 

and knowing the areas with high risk of fire allows a 

better organization in preventing and extincting the 

fires (Ioan Adam, 2007). 

The area of study is National Park Domogled- 

Cerna Valley(Fig. 1). It has an area of 61.211 ha and it 

is located in the south-vest of Romania. It is one of the 

most famous national park for its biodiversity.
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Fig. 1 National Park Domogled-Cerna Valley (RGB composite of  Landsat 8) 

 
 
The number and the intensity of wildfires in this area 

have dangerously increased in the past decades. In 

August 2013 a wildfire affected more than 100 ha of 

forest and burned for almost a month, which also 

generated important biodiversity loss.  

   This paper aims to map the fire ignition risk 

based on a hybrid index I.R.I. which takes into 

consideration the following variables: aspect, 

elevation, slope, vegetation moisture, distance from 

roads, vicinity to settlements. 

 

Material and Methods 

 
The fire risk model combines geospatial data 

and GIS technology and construct a fire risk index 

(IRI). The index will be calculated based on the 

variables listed below: 

 Vegetation Moisture – the flammability of the 

forest increases together with dryness.  The 

Normalized Difference Moisture Index (NDMI) is used 

to evaluate the moisture of the vegetation. This index is 

based on NIR (Near Infrared band) and MIR (Middle 

Infrared Band). Data acquired from U.S.G.S. – Landsat 

8. 

 

NDMI = (NIR – MIR) / (NIR + MIR) 

 

 Aspect – in the Northern hemisphere, south 

aspects receive more sunlight, soil is drier and  the 

ignition risk is higher. Also south aspect slopes have 

higher temperatures, minor humidity, robust winds 

because southern aspects receive more direct heat from 

the sun (Adab et al, 2011). In the earlier part of the day 

East aspects get more ultraviolet and direct sunlight 

than west aspect, as a consequence east aspect dries 

faster (Prasad et al, 2008). 

 Elevation- influences the vegetation structure, 

also air humidity and temperatures have higher 

influence on fire at upper altitude areas than lower ones 

(Hermandez-Leal et al., 2006) (data provided by 

ROSA – SPOT_HRS30) 

 Slope - Fire moves most quickly up slope and 

least quickly down slope. (Jaiswal et al., 2002.). Even 

it is a long-term variable it is an important factor that 

influences the fire’s behavior.  

 Distance from roads and urban areas - roads 

and paths allow local people and tourists to go in to the 

forest and cause fire. Forests are more prone to fire in 

the areas located near to roads and higher road density. 

Also forested regions near to settlements and houses 

are more capable to fire ignition because of the 

accidental fire that can be caused by housing density 

and inhabitants who settle within the forest. (Jaiswal et 

al., 2002) 

The variables above were classified based on 

subjective weights. Each class has an own rate that 

shows the degree of fire sensitivity. (Table 1) The input 

raster of each variable was reclassified by changing the 

original values to rate values in a raster. The value of 

each map represents the rate of fire sensitivity.
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Table 1 

Weights assigned to variables and classes for forest fire risk modeling 
 

Variables Classes Hazard risk Rating Fire sensitivity 

NDMI >0.36,0.36-0.26, 0.26-0.16, 0.16-0,<0 1,2,3,4,5 Very Low, Low, Medium, 

High, Very High 

Elevation >2000,2000-1000,1000-500,500-

200,<200 

1,2,3,4,5 Very Low, Low, Medium, 

High, Very High 

Slope <5%,5-10%,10-25%,25-35%,>35% 1,2,3,4,5 Very Low, Low, Medium, 

High, Very High 

Aspect North, East, West, South 2,3,4,5 Low, Medium, High, Very 

High 

Distance from 

roads 

>400,400-300,300-200,200-100,<100m 1,2,3,4,5 Very Low, Low, Medium, 

High, Very High 

Distance from 

settlements 

>2000,2000-1500,1500-1000,1000-

500, <500m 

1,2,3,4,5 Very Low, Low, Medium, 

High, Very High 

 
In order to map fire risk, the model is 

described by following equation; 

 

IRI=(100m+50s+25a+10×(r+c)+5e)/10 

 

Where; m, s, a, r, c, and e indicate vegetation 

moisture, slope, aspect, distance from road, and 

distance from settlement, and elevation. A rate of 1, 2, 

3, 4 or 5 is given to each level from low to high fire 

danger as an input. The range of output is from 20 

(Low risk) to 100 (High risk). 

The risk level (Low, Medium, High) is based 

on a classification of IRI index where the two breaks 

are: mean (between Low and Medium) and mean + 2 

standard deviations (between Medium and High). 

 
Results 

 
The result of this paper is the fire risk map for 

the National Park Domogled - Cerna Valley. This map 

presents that 2.540ha have high risk (both high and 

very high chart classes cumulated),  27.438ha medium 

risk and 31.233 ha low risk (both low and very low 

chart classes cumulated) to fire ignition. The map was 

compared with the wildfire areas from august 2013 and 

august 2000 resulting that those were included in the 

determined high risk zones. 

 

 

 
Fig. 1 Surfaces exposed to different fire risk levels in National Park Domogled-Cerna Valley 
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Fig.2 Level of risk in National Park Domogled-Cerna Valley 

 
Discussions 

  
Further development includes: a better 

validation and improvement of variables weights,  a 

simulation model for wildfires and also more variables 

that this study does not take into consideration such as: 

vegetation combustion, wind speed, wind direction, 

fire ignition from lightnings, antropic ignitions with no 

relation to roads or settlements (such as ignition from 

camp sites, or even fires made on purpose for masking 

the stealing of wood, etc).   
 
Conclusions 

 
GIS-based assessment of fire risk  is a 

powerful method that is just taking off  in Romania. 

The resulting maps can help in organizing the  

prevention and extinguishing of fires and could lead to 

a better understanding of the consequences of such an 

event. The model will be further improved and 

possibly be applied in other areas.  
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