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WILDFIRES
While the United States National Park 
Service states:

“Wildfires can be caused by nature—like lava or 
lightning—but most are caused by humans. As many 
as 90 percent of wild-land fires in the United States 
are caused by humans. Some human-caused fires 
result from campfires left unattended, the burning 
of debris, negligently discarded cigarettes and 
intentional acts of arson. The remaining 10 percent 
are started by lightning or lava.”1

...global warming is exacerbating the situation.

On May 6, 2014, the Obama Administration unveiled the Third 
U.S. National Climate Assessment,2 confirming that climate change is 
apparent in every region of the U.S. and is affecting key sectors of the 
national economy. The report states that climate change is increasing 
wildfires across the western U.S. and Alaska and further, that drought 
increases the probability of wildfires; prolonged periods of extreme 
temperatures associated with droughts contribute to dry conditions 
that are driving wildfires; and wildfire smoke can significantly reduce air 
quality over very large areas.

Very few regions in the world are immune to wildfires, which can easily 
affect hundreds of thousands of acres. In the U.S. alone, some of the worst 
wildfires in the world have occurred in the Upper Midwest, Southwest 
and Pacific Northwest, the Rocky Mountain region, California, Maine, 
and Alaska. The single worst wildfire in U.S. history, in both size and 
fatalities, is known as the Great Peshtigo Fire. It burned 3.8 million 
acres and killed at least 1,500 people in northern Wisconsin and the 
Upper Peninsula of Michigan during the week of October 8 – 14, 1871. 
Experts put the size of the fire at 1.2 – 1.5 million acres, but that included 
only the completely burned area, not the additional 2.3 million acres in 
surrounding counties that suffered burn damage.3
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KNOW THE TERMINOLOGY
In the U.S., NOAA’s National Weather Service provides daily fire weather forecasts, fire 
weather warning products, and forecasts designed to assist local wildland fire agencies in 
their daily assessment of fire danger in their region.4

A fire weather watch or red flag warning is issued when the combination of dry fuels and 
weather conditions support extreme fire danger. Each weather service office creates local 
criteria for fire weather watches and red flag warnings. Specific criteria include:

1. Sustained 20 ft. winds of 20 mph or higher 
2. Afternoon relative humidity less than 25% 
3. 10 hour fuel moisture at 8% or less for one day

The term 20-ft wind is defined as sustained winds averaged over a 10 minute period and 
measured 20 feet above the average height of nearby vegetation. This is the standard 
reported by the Remote Automated Weather Stations (RAWS) owned by land management 
agencies and used in the National Fire Danger Rating System (NFDRS).

A fire weather watch is issued up to 72 hours before the above conditions are expected 
to occur.

A red flag warning means that critical fire weather conditions are either occurring now or 
will shortly – within the next 24 hours. A combination of strong winds, low relative humidity 
and warm temperatures will create explosive fire growth potential.

FM Global is a large property insurance company; their Loss Prevention Data Sheet 9 – 19, 
Wildland Fire/Bushfire Exposure, classifies wildland fires into three types; forest, grass 
and ground.5 

 � Forest fires burn among the trees and can be subdivided into three categories: 

 � Surface forest fires involve ground litter and low shrubs.
 � Dependent-crown is where the surface fire has risen via the tree sap to the crown and 

draws wind from the rising heat. 
 � Running-crown is where the fire runs along the tree tops via the wind, causing spot 

fires ahead of the main fire front.

 �  Grass fires burn faster than surface forest fires as they are exposed to the full force of the 
wind. The flames can rise up to five times the height of the grass.

 � Ground fires burn in swamps and rubbish tips; fires are slow smoldering, burning 
below ground. 
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FIRE BEHAVIOR
Many factors must occur simultaneously for any fire to originate, grow and spread. Generally 
speaking, for a fire to originate, three ingredients are required: fuel, oxygen and heat. With 
wildland and ground fires, we can expand the “fire triangle” to include fuel, weather and 
topography. “Wild-land and ground fires require the same three elements as structural fires, 
but the difference between these types of fires is the conditions under which the fuel, oxygen 
and heat come together to produce an uncontrolled fire.”6 

Wildland fires usually undergo several stages, including the initial source of ignition, a period 
of smoldering and then a rapid consumption of fuels. In most cases, rapid fuel consumption 
is easily seen and heard and includes huge fires, intense smoke plumes seen for miles 
accompanied by loud noises and even explosions. The type of fuel, the rate and amount of 
heat transferred, and the topography of the land all contribute to wildland fire behavior. 
The following describes these three characteristics in greater detail.7

TYPE OF FUEL
Fuels for wildland fires are classified into two main groups: ground fuels and aerial fuels. 
Ground fuels include all flammable materials on or immediately above the ground or in the 
ground. Examples include duff (partially decayed vegetative material on the forest floor), tree 
roots, dead leaves, downed logs, stumps, leaves, large dead limbs, low brush, grass and fine dead 
wood (twigs, small limbs and bark). Each of these materials has distinct burning characteristics. 

Aerial fuels include all dead and green material located in the forest canopy. The main fuel 
components are tree branches, crowns, moss, high brush and snags (or tree stumps).

HEAT TRANSFER
Heat transfer occurs by three means: conduction, convection and radiation. Wood is a 
poor conductor of heat, and this form of heat transfer is relatively minor in evaluating 
wildfire behavior.

Convection is the transfer of heat by movement of air or liquid. The hot air mass from a 
ground surface fire rises rapidly and provides a large amount of heat to tree crowns, bringing 
them close to their ignition point. 

Radiation is the most critical means of heat transfer in wildland fires. The intense heat 
generated during a wildland fire is easily carried from one area to another and rapidly ignites 
nearby trees, brush and grass.

TOPOGRAPHY
Wildfires often behave differently depending on the aspect, elevation, slope and shape of the 
land. Ground aspect (or exposure) describes the direction a slope faces. Elevation can play an 
important role in wildfire development, since large vertical distances may have a variety of 
weather and fuel characteristics creating fire control issues. 

Where a wildfire originates on a slope can significantly affect its impact. A fire originating at 
the base of a slope may tap into a continuous fuel source and quickly become uncontrollable. 
As the steepness of the slope increases, the rate of fire spread increases primarily due to heat 
transfer through convection and radiation.

Canyons and ridges not only present a challenge for manual firefighting efforts but play a 
major role in fire spread and direction of travel. Changes in air flow associated with different 
types of canyons and ridges significantly impact wildfire behavior.
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ADDITIONAL RESOURCES
U.S. Forest Service
http://www.fs.fed.us/

Federal Emergency Management Agency
http://m.fema.gov/wildfires

American Red Cross
http://www.redcross.org/prepare/
disaster/wildfire

NOAA
http://www.noaawatch.gov/themes/
fire.php

National Interagency Fire Center
http://www.nifc.gov/

U.S. Fire Administration
http://www.usfa.fema.gov/

National Fire Protection Association
http://www.nfpa.org/
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