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Estimating Fire Danger at 
Large Scales

Three components are needed to broadly 
estimate fire danger in real-time: fuel loading 
information, fuel moisture information, and 
current atmospheric conditions.

What is Fire Danger?

Fire danger is defined in terms of factors 
affecting fire inception, spread, resistance 
to control, and subsequent damage.  Fire 
behavior models use fuel loading and fuel 
moisture information to predict fire 
behavior, which, in turn contributes to the 
development of fire danger rating systems.

Using a Measure of 
Atmospheric Stability to 
Estimate Fire Danger

CAPE is an index of atmospheric stability 
often used to predict thunderstorm severity.  
CAPE, sensitive to both temperature and 
humidity, describes the buoyancy of air above 
a fire.  In broader terms, CAPE estimates the 
size of the “chimney” over a fire.

CFIA Index of Fire Danger

The CFIA index indicates that, 
for a certain time and day, fire 
danger is confined to areas with 
not only high fuel loadings but 
the atmospheric conditions 
conducive to extreme fire 
behavior.

Future maps of CFIA should be 
improved with inclusion of non-
forest masks to limit estimates to  
forest areas.  For example, in the 
figure some areas of south 
central MN have sparse forest 
cover but high CFIA indicating 
very extreme atmospheric 
instability.

Fuel Loading
Another component, fuel loadings, may be 
included in the CAPE calculations by 
determining the contribution of water vapor 
and heat that would result from burnt fuels.  
A new index is proposed, CFIA, that 
modifies CAPE by both fuel moisture and 
the contribution of water vapor/heat from 
burnt fuels (estimates from FIA fuel maps).   

CFIA index is still in development and 
needs further testing for various 
weather/fuel situations, validation against 
actual fire behavior observations, and 
migration towards a web service 
environment to allow for real time 
dissemination.

+
Fuel Moisture

A forest with a high fire danger has high fuel 
loadings with a very low fuel moisture.

+
High Fuel Loading Low Fuel Moisture

Fuel loading maps 
may be created by 
interpolating FIA 

phase 3 inventories 
or using other data 

sources such as 
LANDFIRE

Fine woody fuel 
moistures may be 
produced for any 
forest ecosystem 
using mesoscale
models in real-

time.

Quantification of current atmospheric 
conditions may serve as a dynamic mechanism 
to combine fuel loadings and moisture into a 
meaningful index.  Convective Available 
Potential Energy (CAPE) is a meteorological 
concept that may enable combination.

The bigger the 
“chimney” over a fire 
the greater the fire…in 
other words the higher 

the CAPE the higher the 
potential for extreme fire 

behavior

CAPE can be modified by the current moisture 
content of fuels in order to account for fuel 
moistures reducing fire dangers.  Thus, a more 
dynamic index of fire danger can be achieved.  

CAPE modified 
by the fuel 

moistures in 
real-time (Note 

the obvious 
atmospheric 

fronts passing 
through the 

region)


