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The use of spatially-referenced databases and digital maps help fire managers to assess the adequacy of a forest fire defence plan. Through the 
calculation of fire defence demand and fire defence offer, and comparing them spatially and temporally in a GIS platform, it is easy to highlight areas 

with defective protection against fires. The elaboration of a complete and up-to-date geo-database, prior to any fire campaign, is a key issue in this 
approach.

1. STRATEGY GENERAL SCHEME

INTRINSIC COMPONENTS OF FOREST FIRES

RISK AND CAUSALITY OF FOREST FIRES

INTEGRAL TERRAIN VALUE

FIRE VIGILANCE AND EXTINCTION 
RESOURCES DISTRIBUTION

RESOURCES REACTION AND 
TRANSPORTATION CAPACITY

FIRE FIGHTING CONDITIONS AND FIRE 
SEVERITY

Using forest fuel load, topography, meteorology, and wind data, an adapted version of Rothermel-
Byram model is used to estimate potential f lame length, fire line intensity and spread rate of 

surface fires. Coupling them with Van-Wagner equations, potential crown fire starting points are 
also detected. These intrinsic values are used to estimate fire destruction potential.

Historic pressure of forest fires is considered spatially, quantifying the number of outbreaks and 
burned surface of every municipality, and temporally, studying the distribution of fires along the 

year. This give information about “ hot spots” in the area.

Estimation of land value embraces social use of forested areas, natural resources suitable to be 
exploited and, finally, the ecological value. This information layer include data about protected 

areas, such as ZEPAs and LICS, catalogued in HABITAT 2000 - NATURA network.

The number, type and location of forest fire vigilance and extinction forces is a main chapter of 
the plan of defence against forest fires. Traditionally, territorial deployment and protocols of 

operation are adjusted in every campaign according fire season severity.

Forest fire extinction forces have an associated reaction capacity and transportation 
effectiveness, which depends largely on the existing infrastructures. Considering these factors, 
managers have a real view of defence coverage in the area, measured in terms of time spent in 

allocating and displacing a fighting force to a certain point.

Fire line intensity, fire speed, accessibil ity, vegetation coverage, slope and wind conditions 
diminish productivity or even restrict fire fighting operations. Deployment of forces in the fire site 

does not necessarily entails immediate success of fire suppression.
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Components of forest fire defence demand are combined in a 
final map which contains four possible values: low, average, high 

and very high. The same is applied to the resulting forest fire 
defence offer, which is expressed in comparable units. To 

achieve this, several assumptions have to be made to estimate 
fire fighting capacity of every fire suppression force. Finally, both 

maps are compared cell by cell, thus highlighting areas with 
defective defence coverage while determining those areas 

which have excessive coverage.



2. ELABORATION OF GEO-
DATABASE

3. ELABORATION OF DAILY MAP OF FOREST FIRE 
DEFENCE DEMAND

COMMON GEOGRAPHICAL INFORMATION SYSTEM DOCUMENTAL BASE

FOREST FUELS METEOROLOGY INFRASTRUCTURES

FIGHTING FORCESRISK & CAUSALITY

3.1. Meteorological data and wind forecast for  the next 10 days are received everyday. The data, 
regarding every meteo station across Madrid province, is used to make spatial interpolat ions of 
air relative humidity, temperature and rainfall. Wind data is not interpolated, and the values of the 

nearest station is considered. Data is studied and meteorological episodes are identified.

3.2. For every identified meteo-wind episode, a calculation of intr insic values of forest fire is 
done, obtaining maximum spread rate, linear intensity and flame length in every raster cell of 

the map. In case of severe conditions, or in case of dangerous fires, specific local calculations are 
done on-line to give in-field assessment to fire managers. Dead fine fuel moisture and ignit ion 

probability are also obtained.

3.3. The maps of fire intrinsic values are combined with risk maps to estimate f ire effect map. 
Again the combination with terrain value renders the final map of forest fire defence demand. 

All combinations are done using re-classif ication matr ixes, which threshold values can be 
modified, according to manager priorities. Final map contains four values of demand: low, 

average, high and very high.

Situation 1: Very low winds (<5 km/h), high relative humidity and low temperatures Situation 2: Low winds (=5 km/h), average relative humidity and average temperatures

Situation 3: Average winds (10 km/h), low relative humidity and high temperatures Situation 4: High winds (20 km/h), very low relative humidity and high temperatures

3.4. The resulting maps, classified into four values, are distr ibuted via e-mail to the fire services 
and preparedness and location of fire fighting forces is set-up according to it. All the maps are 

stored in a histor ical database for comparison and analysis of evolution.

4. REAL EXAMPLES OF FIRE DEFENCE DEMAND (2000 FIRE SEASON)

Characterisation of forest fuels is a pil lar 
activity for the description of forest fire 
scenarios. A sampling campaign in 234 

plots of surface fuels across transects, 
mainly shrubs and grasses, and further 

separation of components in the 
laboratory, has entailed the definition of 

specific fuel models. Two separate 
studies on aerial fuels and grasses have 

completed the map.

Using histor ic data of meteorological 
stations for the last 15 years, a 

characterisation of wind-weather  
episodes typical in the zone has been 

obtained. Together, their correlation with 
values of observed variables in high 
atmosphere allows the prediction and 

identification of such episodes during fire 
campaign. For every wind-weather 

episode, a set of r isk maps have been 
produced.

A complete inventory of location (using GPS 
receivers), of type and state of fire fighting 

infrastructure has been completed. This includes:

- Roads and trails network
- Water points
- Lookouts
- Terrestrial and aerial bases
- Communication antennas

A database of existing fire fighting 
resourceshas been completed. This 

includes type, capacity (i.e., water tank 
load), set-up time, transportation speed 

and productivity in fire suppression 
activities. A common measuring unit has 

been used to compare effectiveness of 
individual and combined operations, that 
of the “ fire fighting unit”  equivalent to a 
ground fire crew of 7 and a light fighting 

vehicle with 1500 l. of tank capacity. 

National statistics (ESTADIS) of Spanish 
Ministry of Environment (DGCONA) 

have been used regarding the last 15 years 
to obtain a map of histor ical fire 

pressure. Causes of forest fires have been 
classified, geo-referenced and associated 
to administrative divisions (municipality). 

Together, a correlation with 
infrastructures and fire appearance has 

been done, particularly on road and 
railroad networks.


