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Fire Science: Quick Takes
Fire Regimes
Wildland fires differ in terms of frequency, size and spread pattern, season, intensity, and severity. Over time, we can begin to measure fire return intervals, and see differences in fire patterns among ecosystems and regions. These patterns are what constitute fire regimes.  A fire regime characterizes the historical features of fire that have been typical for a particular ecosystem.

Knowledge of the role that fire has played in ecosystems over centuries is critical for resource managers. And, while most US ecosystems have been dramatically changed from past conditions, and many are currently changing at an even more rapid pace, information regarding past ‘normal’ states is essential as a baseline for making decisions.

There are a number of terms and concepts underlying the umbrella concept of fire regime. Fire frequency and severity are the two main components of a fire regime. Fire return interval and fire rotation are used to illustrate the frequency with which fire occurs on a given landscape. These two terms are relatively straightforward. The fire return interval is the average number of years between fire events at one location. Fire rotation, also referred to as fire cycle, is the number of years it would normally take to completely burn a given landscape.
Fire severity refers to the immediate effects of fire on vegetation, soils, and litter. Fire severity is traditionally expressed by classifying the magnitude of a fires impact on a particular resource into broadly defined classes ranging from low to medium to high fire severities (Robichaud et al. 2000).  Crown scorch, bark char height, residence time, and depth of burn are often used as indicators of fire severity.
Fire severity should not be confused with fire intensity, which refers to the rate at which a fire produces heat at the flaming front, expressed in terms of temperature or heat yield. Fire intensity is a quantitative measure.  Burn severity depends not only on the amount of heat generated along the flaming front of a fire (i.e., intensity) but also on the duration of the burn. While a fast-moving, wind-driven fire can be intense, a long-lasting fire that just creeps along in the forest underbrush could transfer more total heat to plant tissue or soil. In this way, a slow-moving, low-intensity fire could have much more severe and complex effects on something like forest soil than a faster-moving, higher-intensity fire in the same vegetation (Hartford and Frandsen 1991).
Fire Regime Classifications
Classification of fire regimes into distinct categories runs the risk of oversimplification since fire characteristics vary along a continuum. A tradeoff between practicality and accuracy is required in order to create categories that are useful and easily communicated. A number of classification systems have been developed starting with those of Heinselman (1978) and Kilgore (1981).
More recently, Hardy et al. (2001) mapped fire regimes of the Western United States using fire severity and fire frequency combined into five classes. The five natural (historical) fire regimes are classified based on average number of years between fires (fire frequency) combined with the severity (amount of replacement) of the fire on the dominant overstory vegetation. These five regimes include:
I – 0-35 year frequency and low (surface fires most common) to mixed severity (less than 75% of the dominant overstory vegetation replaced); includes ponderosa pine, other long-needle pine species, and dry-site Douglas fir.
II – 0-35 year frequency and high (stand replacement) severity (greater than 75% of the dominant overstory vegetation replaced); includes the drier grassland types, tall grass prairie, and some chaparral ecosystems.
III – 35-100+ year frequency and mixed severity (less than 75% of the dominant overstory vegetation replaced); found across a broad range of forest types, including some of those dominated by interior Douglas- fir and western larch, western white pine, lodgepole pine and whitebark pine, as well as some relatively moist ponderosa pine types.
IV – 35-100+ year frequency and high (stand replacement) severity (greater than 75% of the dominant overstory vegetation replaced); Mid-elevation lodgepole pine, Douglas-fir, and subalpine fir forests
V – 200+ year frequency and high (stand replacement) severity; High-elevation subalpine fir, lodgepole pine and Englemann spruce forests.
	The Five Historic Natural Fire Regime Groups

	Fire Regime
Group
	Frequency
(Fire Return Interval)
	Severity

	I
	0–35 years
	low severity

	II
	0–35 years
	stand replacement severity

	III
	35–100+ years
	mixed severity

	IV
	35–100+ years
	stand replacement severity

	V
	>200 years
	stand replacement severity


Readers who wish to view a more complex ecological classification are referred to the detailed classification of fire regimes developed by Frost (1998). It incorporates periodicity of the fire cycle, primary season of burn, fire frequency, and fire effects on vegetation. It is very sensitive to fire frequency and its effects on understory herbaceous species. Sensitivity to frequency is provided by recognizing four frequency classes between 0 and 25 years. This separates some eastern and western vegetation into different fire regime types.

In addition, Sugihara et al. (2006) has developed a new framework for definining fire regimes that incorporates aspects such as seasonality, fire size, spatial complexity, fireline intensity, and fire type.
Fire Regime Condition Class

A series of Condition Classes has been developed to express the degree the current fire regime has moved away from historical "normal" conditions (Hardy et al., 2000). The classes are based on changes in age, structure, species composition, and stand density and are used to quantify the condition of the land resulting from fire exclusion and other influences (timber harvesting, grazing, insects, disease, and the introduction and establishment of non-native plant species). 

Below is a summary of the three condition classes and the characteristics of each class.
In Condition Class 1, fire regimes are within or near the historical range; fire frequencies differ from historical rates by no more than one return interval, and the vegetation's species composition and structure are intact and functioning within the historical range. The risk of losing key ecosystem components is low. 

In Condition Class 2, fire regimes have been moderately altered from their historical range; the frequency of fire differs from historical rates by more than one return interval. This change results in moderate changes to landscape patterns and/or to fire size, frequency, intensity, and severity. Vegetation has been moderately altered from its historic state. The risk of losing key ecosystem components has increased to moderate. 

In Condition Class 3, fire regimes have been significantly altered from their historical range; fire frequency is greatly different from its historical pattern. This change results in dramatic changes to landscape patterns and/or to fire size, frequency, intensity, and severity. Vegetation has been significantly altered from its historic state, and the risk of losing key ecosystem components is high. Where appropriate, these areas need high levels of restoration treatments. 
For Additional Information:

Kennard, D. (2008) The Encyclopedia of Southern Fire Science. http://www.forestencyclopedia.net/

Brown, J.K. and Smith, J.K., eds (2000) Wildland fire in ecosystems: effects of fire on flora. Gen. Tech. Rep. RMRS-GTR-42 (vol. 2). USDA Forest Service, Rocky Mountain Research Station. 
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Advances in Fire Practice is a sub-site of wildfirelessons.net and is focused on bringing efforts and ideas to the forefront that leaders in the fire management, practice, and research communities have identified as innovative and widely applicable. It provides access to critical and proven fire information and resources. Advances in Fire Practice section can be reached directly by going to http://www.wildfirelessons.net/AFP.aspx or through the main Wildland Fire Lessons Learned Center website at www.wildfirelessons.net.

The Wildland Fire Lessons Learned Center actively promotes a learning culture for the purpose of enhancing safe and effective work practices in the entire U.S. wildland fire community.  It is located at the National Advanced Fire & Resource Institute in Tucson, Arizona.



