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Wildfire: Current Environment and Behavior

Discussing the wildfire environment is a way of describing the setting for the planning area with wildfire as the focus. The environment includes the elements that influence fire behavior
.  

3.1. Introduction: Defining the Wildfire Problem 

How wildfire will change the environment in the planning area depends on several factors including the site topography, weather, and condition and type of vegetation and other fuels. Developing an understanding of the environmental conditions in the planning area is the first step in formulating practices or actions that can best modify the environment to improve its fire resiliency.

Summarize and define the wildfire problem in your community in 1-2 sentences. For instance, you can discuss recent large wildfires, assets that are vulnerable to wildfires, and current potential for wildfires. You can write this section after you complete the analysis associated with this appendix.

3.2. Fire Behavior Characteristics 

Knowing the attributes of fire behavior is important in order to communicate the various threats from any fire and the benefits of mitigation. Flame lengths, fire intensity,
 heat output,
 rate of spread, residence time, and whether the fire burns on the surface or crown are all ways to describe fire behavior and to relate its resistance to control
 and potential damage or positive impacts from fire. The following paragraphs describe these terms.

Surface Fires 

On flat or moderate (<30% slopes) terrain in light fuels, fires usually burn as a surface fire. Surface fires may advance quickly with short or long residence time
 and low to high heat output, and as such, they respond well to suppression. A manageable fire is one of the desired results of fuel modifications.

Crown Fire Potential

Crowning activity indicates locations where fire is expected to travel into and possibly consume the crowns (or tops) of trees. Crown fires typify a fire of high intensity and exhibit high heat output and rates of spread. These attributes challenge suppression efforts. When a fire burns through tree crowns, countless embers
 are produced and distributed, sometimes over long distances. These embers can start new fires (spot fires
), which can each grow and confound the finest fire-suppression forces.  
Crown fire initiation (or torching) occurs when ladder fuels
 are present, providing a connection between the surface fuels and the crown fuels. The higher the base of the tree canopy from surface fuels, the more difficult it is for crown fires to ignite. Once in the tree canopy, crown fire spread is more likely in dense canopies and with high wind speeds.

Fire Intensity

Fire intensity describes the amount of heat that is released by flaming combustion in a specific unit of time (BTU/ft/sec
). This measurement captures the energy of a fire in any location; it is often confused with fire severity, which is a term describing fire effects.  

Fire Severity

Fire severity describes the resulting effects of a fire, based on the amount of soil damage and tree mortality. It is determined by observing vegetation and soil conditions after a fire. The relationship between predicted fire behavior characteristics (flame length, heat per unit area, fireline intensity, etc.) and fire severity are being explored but are not yet well established. Long flame lengths, large amounts of torching, crown fire presence, high fireline intensity, and high heat per unit area are all indicators of potentially severe fires.

Flame Length

Flame length is the span of the flame from the tip to the base, irrespective of its tilt. This factor most influences the probability of structure damage and ease of fire suppression. Flame length is highly correlated with fire intensity, which can help predict fire severity. Flame lengths less than four feet are associated with fires that are more easily controlled—generally with hand crews—and are also associated with the widespread low-intensity fires prevalent prior to European settlement. In contrast, flame lengths longer than twelve feet often thwart suppression efforts and are associated with crown fires seen on the front pages of newspapers. Typically fuel management goals aim for production of flame lengths less than four feet.

Rate of Spread 

The rate of spread measures how fast the leading edge
 of a fire advances. A rate of spread faster than fire-line-building capacity will challenge fire suppression efforts. High spread rates also indicate the potential for quick changes in fire spread direction, which could endanger firefighters and increase the potential damages. High rates of spread in grass can exceed three hundred feet per minute. In rare crown fires, rates of spread can exceed one hundred feet per minute. A more acceptable rate of spread would be one that is slower than the line-building capacity of fire suppression forces to encircle the fire. Slow-burning fires in forested fuel types spread at a rate of two to eight feet per minute.   

Residence Time 

The residence time of a fire defines how long the leading edge of the fire burns in any one location. Usually grass fires are consumed quickly and have a short residence time (e.g. 30 seconds), in contrast to the residence time of fires in a deep duff
 layer, which can burn for hours. Foliage and suspended dead material
 are usually consumed in less than 90 seconds. Residence time is useful in predicting tree mortality and potential for fire-induced hydrophobic
 soils.    

Heat Per Unit Area

Heat per unit area is defined as the total heat produced by flaming combustion in any one location. This does not include long burn-out times
 and smoldering. This factor is especially important in determining soil heating and is a fairly good predictor of potential root damage and cambium
 heating, all indicators of fire severity. Smoldering produces the vast majority of smoke in a fire, but most fire behavior models don’t include smoldering combustion.

3.3. General Wildfire Environment Descriptions

This section is a summary of the environmental conditions in the planning area to set the context for plan readers. Much of this information is available from local natural resource agencies, university departments and/or nonprofit conservation organizations. You can include a sentence or two of introduction here if you so choose.

3.3.1. Topography 

Topographic features such as slope, aspect,
 and the overall form of the land have a profound effect on fire behavior. Topography directly and indirectly affects the intensity direction, and spread rate of wildfire. Fires burning in flat or gently sloping areas tend to burn more slowly and to spread in a wider ellipse than fires on steep slopes. Streams, rivers, and canyons tend to channel local diurnal
 and general winds, which can accelerate the fire’s speed and affect its direction, especially during foehn
 winds on the west side of the Sierra Nevada. Local winds are greatly affected by topography, which “bends the wind” as it flows around or over land forms. Topography also causes daily upslope and downslope winds. The topographic features of aspect and elevation affect vegetation; solar exposure affects fuel moisture.

Provide an overall physical description of the area: Is it generally steep or flat? Convoluted or uniform? Rolling or deeply incised? What are the elevations? Are there vegetated high ridges that might spread embers long distances downward? What are the dominant aspects? Where are the areas with topographic issues (e.g. deep canyons, steep ridges, etc.) where fire will move rapidly or suppression access will be difficult?

This information is available from the US Geological Service, local natural resource and/or geology agencies, university departments, and conservation organizations. Free online topography maps are available at www.topozone.com and can be searched by place names. 

Shaded relief topography can be seen and mapped along with slope steepness on the Fire Planning and Mapping Tools website. This information is likely displayed in your base map; therefore it isn’t necessary to create a separate topography map.

3.3.2. Weather

This section describes common weather conditions and weather patterns that exist at the time the most damaging fires could occur, along with routine conditions during which serious fires may burn.
Weather conditions significantly impact the potential for fire ignition, as well as rates of spread, intensity, and direction in which fires burn. Wind, temperature, and humidity are the more important weather variables used to predict fire behavior.
 The term “fire weather”
 refers to weather elements that influence fire ignition, behavior, and suppression.
 These elements include temperature, relative humidity, wind speed and direction, precipitation, atmospheric stability, and aloft winds.
 “General winds” is also an accepted term for local winds produced by broad-scale pressure gradients as shown on synoptic maps and modified by friction or topographic effects. General winds are combined with slope winds to get actual forecasted wind.
Wind is considered the most variable and difficult weather element to predict, while wind direction and velocity profoundly affect fire behavior. Wind increases the flammability of fuels by removing moisture through evaporation, by pre-heating fuels in a fire's path, and increasing spotting distances (the distance at which a spot fire might be set by a flying ember). Wind velocities and directions may vary in vertical elevation, with somewhat different impacts on fire behavior. The direction and velocity of surface winds can directly control the direction and rate at which the fire spreads. Winds that blow at least 20 feet above the ground can carry embers and firebrands downwind, causing spot fires to precede the primary front.

Annual highs in the Sierra Nevada are around 90º Fahrenheit, while lows approach 0º F. In the planning area, annual highs are around [     ]º F, while lows approach [     ]º F.  
What are the general weather conditions, especially during times prone to wildfire occurrence? What is the annual precipitation? Is it generally wet in winter and dry in summer? What form does precipitation take (e.g. rain, fog, snow)? What are the average monthly temperatures and precipitation amounts? Are there areas with microclimates that increase the risk of catastrophic fire, such as areas with high winds, or hot, dry, south-facing slopes?

Information on precipitation and snow levels in California is available at cdec.water.ca.gov/snow_rain.html. For a map of weather stations by county, see www.ipm.ucdavis.edu/WEATHER/wxretrieve.html, or www.wrcc.dri.edu/summary/climsmsfo.html. 

Prevailing winds in fire season (generally June through October) are out of the southwest, although infrequent foehn winds usually blow from the north to the east. Weather conditions can change rapidly as upper-level wind currents and pressure systems in the western states shift locations, and both dry and wet frontal systems move through the mountainous terrain. Frontal winds associated with low-pressure systems moving across the area can create hazardous fire conditions. Winds in advance of the frontal system can reach speeds exceeding 60 mph over ridges. The atmospheric instability dilutes and disperses smoke, but also creates torching (running crown fires are a result of strong winds) and spot fire problems (distances increase as winds increase).  

Fires during foehn events—or subsiding winds—usually result in extreme fire behavior because the winds are particularly strong and dry, thus preheating fuels and predisposing them to burning with intensity. These conditions are usually worse at night, as these foehn winds combine with downslope/down-canyon diurnal winds.

When the temperature is high, relative humidity low, wind speed is high and/or originating from the east in a foehn wind, conditions are very favorable for extensive and severe wildfires. Typically the 90th or 95th percentile weather observations (i.e., weather observations that are among the most extreme–only 10% of the observations are more extreme under 90th percentile conditions) are used for planning fire hazard reduction treatments. For example, using the Lake Tahoe Region, the the 90th-percentile value for fine fuel (1-hour
) moisture was 5%, 10-hour fuel
 was 7.5%, and 100-hour fuel
 was 12.3% when winds blew from the southwest (the prevailing wind direction during fire season). The herbaceous fuel moisture was 67% under these frequencies. The 20-foot wind speed
 was 13.4 miles per hour on the most extreme 10% of the weather days.
 In this example, if the fire season typically lasted 150 days, these values would occur on the 15 most extreme days. Normally the highest values do not occur on the same day (e.g. the hottest days may not coincide with the windiest days).
Describe the temperatures, relative humidity, wind speed, and wind direction at the 90th percentile
 values, as well as the most extreme values for each. The length of time available for analysis may vary between weather stations, but five years of observations should be considered a minimum. 

A network of local weather stations records a variety of types of observations (e.g. temperature, relative humidity, wind speed, wind direction). The best weather data source is cdec.water.ca.gov/queryTools.html or raws.wrh.noaa.gov/cgi-bin/roman/past.cgi. A useful source on climate data for local environment is at www.wrcc.dri.edu/summary/Climsmnca.html. The National Fire Weather website at fire.boi.noaa.gov has more information on fire weather. The use of a public domain sorting program called FireFamily++ at www.fs.fed.us/fire/planning/nist/ffp_305_rn.rtf facilitates analysis of weather information.
3.3.3. Hydrology

The hydrology
 of an area defines the flow of water across and through the land. Lakes, ponds, streams, wetlands, and springs are just a few examples of features that contribute to the hydrology of an area. The presence of these features tends to increase the humidity of a local site and can make it more resistant to the effects of fire. In the case of ponds and lakes, their availability as water sources for suppression is also important. 

Describe rivers, creeks, and springs. Name the principal waterways. Include any specific information such as if they are wild and scenic, 303d impaired, etc.

Many streams and rivers can be mapped and identified on the Fire Planning and Mapping Tools website, using the “Hydrography, Streams NHD” layer. This information is likely displayed in your base map, so it isn’t necessary to create a separate hydrology map.

For river conditions, see www.water.ca.gov/nav.cfm?topic=Water_Conditions&subtopic=River_Conditions_and_Forecasts, and www.cnrfc.noaa.gov/, water.usgs.gov/waterwatch/?m=real&w=map&r=ca. 

3.3.4. Vegetation and Fuels

Vegetation varies by size, height, and density, and combined with other flammable material on the site, it provides the fuel that feeds wildfire. The volume and distribution of fuels, the moisture content,
 and the arrangement of fuels greatly influence resulting fire behavior.
Fuel includes anything that can burn: grass, shrubs, and trees, as well as fences, decks, furniture, cars, and houses. These can be described either as fuel models (as described in section 3.4 below), or in terms of sizes and volumes: light fuels (consisting of grass, dry leaves, and kindling-size twigs), medium fuels (shrubs and fences), or heavy fuels (logs, trees, or homes). The distribution of the volume and sizes of fuels in any one space, along with the moisture content and arrangement of fuels, greatly influence resulting fire behavior. 

See Section 3.4 for a description of the planning area fuels. See Appendix 4 for more information on local vegetation types and their fire ecology.
Summarize the general vegetation types. What is their general pattern of distribution? Do you have forests: if so, what kind (e.g. mixed conifer, ponderosa pine, red fir)? Are there grasslands, chaparral and/or wetlands? Do they occur in vast areas or small patches? See Appendix 4 for a discussion of basic Sierra Nevada vegetation types. For more information about vegetation mapping, see www.dfg.ca.gov/bdb/html/vegcamp.html. 

3.3.5. Wildlife

Wildlife in the Sierra Nevada includes animals, plants, insects, other invertebrates, and fish. The variety of animals in the Sierra Nevada is extensive. A recent assessment indicates the presence of about 400 animal species in the region.
 They include amphibians (25 species), reptiles (32), birds (230), and mammals (112). In addition, there are 40 kinds of fish with 26 species represented.
 Over 50% of the native plant species (more than 2,700 species) found in California occur in the Sierra Nevada.
 These include 405 endemic
 species, i.e., found only in the Sierra Nevada. These wildlife species all depend on the environment around them to provide the food, water, and shelter they need to survive.    

Describe the wildlife in your area. What do they need for food, water, and shelter? Where are their nests, dens, or homes? When are they most active during the year? 

For more information about mammals, birds, reptiles, and amphibians, see www.dfg.ca.gov/bdb/html/cawildlife.html and www.dfg.ca.gov/bdb/html/cwhr.html. For more information about plants, see www.calflora.org/. For more information about how wildfire affects specific wildlife, see www.fs.fed.us/database/feis/.   

Threatened and Endangered Species

California has a large number of threatened and endangered species. While most biologists acknowledge that fire plays a role in the environment in which these species live, little is known about the relationship of these species to fire. Their response to fire of varying intensities, frequencies, and seasons is also not well understood; even less the effects of potential hazard reduction treatments on rare species. The planning and implementation of projects may be hindered because of this lack of knowledge.

What are the threatened, endangered, or rare species in the planning area? How abundant are they? What is their current legal status? Are there specific requirements known for the habitat in which they occur? Is periodic fire important to shaping these types? For more information, see www.dfg.ca.gov/bdb/html/cnddb.html  and jfsp.nifc.gov/projects/01B-3-3-28/01B-3-3-28_Final_Report.pdf
3.4. Fuel: Description of Fuel Through Fuel Models

A fuel model is a standardized description of fuels available to a fire based on the amount, distribution, and continuity of vegetation and wood.
 Fuel models distinguish between vegetation such as tall and short chaparral, tall and short grass, timber with and without an understory, and oak woodland with and without understory vegetation. They describe the structure (or arrangement) of the vegetation primarily, as well as the kinds of plants that grow in the vegetation. Fire managers use fuel models within the Fire Behavior Prediction System (FBPS) called FBPS #1, 4, 8, 9, and 10, etc. Fire behavior prediction models are useful because they forecast how fast a fire will spread, or how damaging the fire might become (in terms of fire intensity), or whether it is likely to torch in the area. Information regarding fuel volumes and fire behavior descriptions is available from the publication How to Predict the Spread and Intensity of Forest and Range Fires.
  

In selecting the appropriate fuel model, it is important to consider what fuels will actually “carry the fire.” The following text describes the criteria for selecting fuel models.

Fuel models describe vegetation structure, in addition to typical species composition; structure largely determines the fuel that will actually support the fire. The understory is more important than the overstory. The most significant factor is the amount and distribution of smaller-diameter fuels, because these materials generally spread wildland fires. A grassy field with oak trees that cover less than one-third of the slope would be classified as a grass fuel model because the contribution of oak leaves and branches to fire behavior may be negligible (due to the minor amount of leaf drop or the relative height at which the first branches grow above the ground). Similarly, where chaparral covers less than one-third of a conifer stand, it should be classified as a conifer stand (FBPS #8, 9, or 10). The amount and size of dead material distinguishes among the three choices of conifer fuel models. Generally, if grass covers the understory of deciduous oak woodlands, it should be categorized as a fuel model 2. If the closed canopy prohibits understory growth and leaf litter is the main fuel, it is a fuel model 8.  

Another important factor in fuel models is the amount of dead biomass and the ratio of live-to-dead material in terrain with significant brush and numerous tree stands; dead biomass contributes fine fuel litter as well as carries flames more readily. 

Fuel models may be delineated by several methods, from drawing polygons on maps, to field surveys and samples, to defining spectral bands on satellite imagery.  

Fuel models as mapped by the USGS Landfire program may be obtained from gisdata.usgs.net/website/landfire/. This program mapped fuels and other important factors involved in fire behavior prediction.

The following table illustrates the relationship between Sierra Nevada typical fuel models and vegetation types. The vegetation types are broad classifications of vegetation communities. These vegetation types and their fire ecology are discussed in greater detail in Appendix 4.  

Figure 1. Relationship between Sierra Nevada Vegetation Types and Typical Fuel Models.  

Vegetation Type
Typical Fuel Model

Grassland and Dry Meadows
Fuel Model 1

Chaparral 
Fuel Model 4

Montane Chaparral                                               Fuel Model 5

Foothill Woodland 
Fuel Model 2, 8 

Ponderosa Pine and Mixed Conifer
Fuel Model 9, 10

Upper-Elevation Fir Forests 
Fuel Model 8, 10

Lodgepole-Meadow-Aspen 
Fuel Model 8, 9 

Sagebrush-Bitterbrush
Fuel Model 5

The following sections describe the fuel models found in the Sierra Nevada. Include those which apply to your planning area and delete those that do not.

Grasslands and Dry Meadows - FBPS Fuel Model #1

Grassland fuels (both annual and perennial) are fairly uniform and homogeneous compared to other fuel types. Grasslands generally have a light total fuel load, made entirely of fine herbaceous material that cures in the summer. This material responds to changes in humidity and is easily ignited in dry periods. It is characterized by the USDA Forest Service Fire Behavior Prediction System as:

"Grasslands and savanna are represented along with stubble, and grass-shrub combinations where shrubs cover less than one-third of the area. Annual and perennial grasses are included in this fuel model."

Grasslands fuel type normally has under 3 tons/acre of fine fuel, and a fuel bed height
 of approximately 18 inches. Fires will go out if moisture content is greater than 12%.

Grass fuels do not produce much heat, but they produce a fire that travels quickly. Thus containment is the greatest challenge in these fuel types. Grass also serves as a wick to more hazardous fuels that are apt to cause more damage. It provides an avenue for fire to travel to densely vegetated areas and build up enough of a “head of steam" to burn into those areas, or other types of fuels under conditions that would not sustain a fire by themselves.  

Oak Savannah, Sagebrush and Bitterbrush - FBPS Fuel Model #2

Some examples of Fuel Model #2 include oak savannah, sagebrush and bitterbrush (when grass is abundant between shrubs), and ponderosa pine stands. The forest floor contains more stemwood
 than FBPS #1 but is still dominated by either grass or needles. Fires burn more rapidly than fuel models with forest litter on the surface, but slower than grasslands. Heat output is minor, with flames usually controllable by hand crews.  

The USDA Forest Service Fire Behavior Prediction system describes this fuel type as follows:

“Fire Behavior is primarily through the fine herbaceous fuels, either curing or dead. These are surface fires where the herbaceous material, besides litter and dead-down stem wood from the open shrub or hardwood overstory, contribute to the fire intensity. Open shrub lands and scrub oak stands that cover one-third to two-thirds of the area may generally fit this model, but may include clumps of fuels that generate higher intensities and may produce firebrands.”

Fifty percent of the fuels are comprised of material ¼ inch or smaller. A quarter of the fuels are between the size of ¼ and 1 inch diameter. An eighth of the fuels are of larger diameter, from 1 to 3 inches. A minor component is comprised of live foliage. The fuel height is approximately one foot, and the extinction moisture
 is 15%, which is almost the same as grasslands.

Chaparral - FBPS Fuel Model #4 

In the Sierra Nevada some examples of Fuel Model #4 include chaparral and montane chaparral (which can be classified as either FBPS #4 or #5, depending on the fuel-bed height and amount of dead material in the vegetation). Fires are not easily ignited, but when fire does travel through the stand, it almost always creates long flame lengths and rapid spread, resulting in an intense fire.

This vegetation is described as Fuel Model #4 in the Fire Behavior Prediction System:  

"Fire intensity and fast-spreading fires involve the foliage and live and dead fine woody material in the crowns of a nearly continuous secondary overstory. Stands of mature shrub, six or more feet tall, such as California mixed chaparral...are typical candidates. Besides flammable foliage, there is dead woody material in the stand that significantly contributes to the fire intensity. Height of stands qualifying for this model depends on local conditions. There may be also a deep litter layer that confounds suppression efforts."

This fuel model has a large portion of fuel as foliage in the canopy. The fuel loading by size class follows: Fine dead fuels (<¼” diameter) represent 5.01 tons per acre. Fuels which are ¼ to 1 inch diameter total 4.01 tons/acre, and fuels between 1 and 3 inches diameter total 2.0 tons per acre. Live herbaceous fuels are not a significant component in this fuel model; however, live woody fuels constitute 5.01 tons per acre of fuel. The total loading of fuel exceeds that of fuel model #9, with more than 16 tons/acre in this fuel model (#4).

Sagebrush and Bitterbrush /Montane Chaparral - FBPS Fuel Model #5 

Sagebrush and bitterbrush (when shrubs are nearly continuous) and manzanita, or snowbrush-dominated chaparral stands, can be characterized as Fuel Model #5. Fires are carried in the shrub layer but are more manageable than FBPS #4 due to their lower flame lengths and slower spread rates. The USDA Forest Service Fire Behavior Prediction System describes the model as follows:

“Fire behavior is not normally explosive. Rates of spread are quite fast, but flame lengths are low (usually under five feet) and heat output minimal. Fire is generally carried in the surface fuels that are made up of litter cast by the shrubs, and the grasses or forbs in the understory. The fires are generally not very intense because surface fuel loads are light, the shrubs are young with little dead material, and the foliage contains little volatile material.” 

Fuel loads are less than 5.5 tons per acre, with almost one-half in twig-sized fuels and live fuels. The FBPS notes that shrubs are not very tall, but often fuels mapped as Fuel Model #5 are up to 10 feet tall.  

Oak Woodlands, Short-Needle Conifer Stands - FBPS Fuel Model #8

The surface fuels in Fuel Model #8 are either compact oak leaf litter or short-needled conifers such as Douglas fir or white fir. Ferns or wildflowers are a minor component of the forest floor. Fire intensity, flame lengths, and scorch heights are usually low in oak woodlands. Oak woodlands are characterized as follows in the Fire Behavior Prediction System: 

"Slow-burning ground fires (carried in the compact litter layer) with low flame heights are the rule, although the fire may encounter an occasional ‘jackpot’ or heavy fuel concentration that can flare up. Only under severe weather conditions involving high temperatures, low humidities, and high winds do the fuels pose fire hazards. Closed-canopy stands of short-needle conifers or hardwoods that have leafed out support fire in the compact litter layer. This layer is mainly needles, leaves, and some twigs since little undergrowth is present in the stand."

The oak woodlands fuel type likewise has a small amount of biomass: total tonnage is 5 tons/acre, 30% under ¼ inch diameter, 20% from ¼  to 1 inch diameter, and 50% from 1 to 3 inches diameter. The fuel height is 2 feet. The required moisture for extinction of a fire in this fuel type is high at 30%.

The resulting fire behavior is rather benign. Rates of fire spread are slow, approximately 2 feet/minute. Flame lengths are predicted to be 1 foot. Leisurely spread rates, combined with the relatively short flame lengths of the predicted fire behavior, demonstrate a manageable, moderate fire hazard in this fuel type.

Fuel conditions in oak woodlands vary with the slope, age, height, and canopy closure of the overstory, depth of the litter, and density of understory shrub cover. Under severe weather conditions involving high temperatures, low humidities, and high winds the fuels pose fire hazards. Ground-layer and understory fuel loads beneath dense oaks may be minimal (well under 1 ton/acre), but horizontal fuels may be continuous and ladder fuels present where the vertical distribution of foliage is continuous.  

Mixed Hardwood–Conifer Forest - FBPS Fuel Model #9

In the Sierra Nevada, some examples of Fuel Model #9 include open ponderosa pine stands that have more downed stemwood, branches, and some hardwood leaves. The larger biomass from the branches promotes a longer flame length, but still a manageable fire unless winds and terrain combine to increase fire intensity.

The Fire Behavior Prediction System describes fire behavior in this fuel model as follows:

“Fire runs through the surface litter faster than model 8 and has a higher flame height. Both long-needle conifer and hardwood stands...are typical. Fall fires in hardwoods are representative, but high winds will actually cause higher rates of spread than predicted. This is due to spotting caused by rolling and blowing leaves. Closed stands of long-needled pine like ponderosa, Jeffrey, and red pines...are grouped in this model. Concentrations of dead-down woody material will contribute to possible torching out of trees, spotting, and crowning.” 

Fuel loading is highly variable in space, but generally this fuel model has a preponderance of dead fuel volume in the small-diameter size class. Almost 75% of the total fuel volume (3 tons/acre) is found in the smallest size class of less than ¼ inch diameter. Fuels that are ¼ to 1 inch diameter total less than ½ ton/acre. Larger-diameter fuels, from 1 to 3 inches, total only .15 tons/acre. The fuel bed is compact, and less than 2 inches in height.

Conifer Forest with Dead, Downed Logs - FBPS Fuel Model #10

The vast majority of fuels within forests in the Sierra Nevada are characterized as Fuel Model #10. These forests have some live fuels in the surface layer, and an ample amount of dead branches and logs that fuel a more intense fire, leading to control challenges.
 This model and resulting fire behavior are described as follows: 

"The fires burn in the surface and ground fuels with greater intensity than the other timber litter models. Dead down fuels include greater quantities of 3-inch or larger limb wood resulting from overmaturity or natural events that create a large load of dead material on the forest floor. Crowning out, spotting and torching are more frequent in this fuel situation, leading to potential fire control difficulties."  

Fuel loading is variable no matter where assessments are made. However, this model is typified as having the following dead fuel loading by size class: Fine fuels (<¼ inch diameter) represents 3 tons/acre. Fuels which are ¼ to 1 inch diameter total 2 tons/acre, and fuels between 1 and 3 inches diameter total 5 tons/acre. Live herbaceous and live woody (shrubby) fuel volume totals 2 tons/acre in this fuel model. Total fuel model is 12 tons/acre.

Conifer Forest with Dead, Downed Logs and Slash  - FBPS Fuel Model #11
Fuel Model #11 is sometimes used where there is an absence of live fuel in the forest floor of #10, Increased volumes of logs, both because of more and larger downed material, along with logging slash, create fires that have high intensity, a potential for crown fires, and severe surface fires. 

The FBPS describes this fuel model and predicted fire behavior as:

“Fires are fairly active in the slash and herbaceous material intermixed with the slash. The spacing of the rather light fuel load, shading from overstory, or the aging of the fine fuels can contribute to limiting the fire potential. Light partial cuts or thinning operations in mixed conifer stands, hardwood stands… are considered. The less-than-three-inch material fuel load is represented by no more than 10 pieces, 4 inches in diameter, along a 50-ft transect.”

Figure 2 below describes the distribution of fuel volume (also called fuel loading) by size class, along with the overall height of the fuel complex (fuel bed depth). Fuel loading is measured in tons per acre (noted as T/A). It further indicates what the moisture is when fires tend to stop burning in dead fuels (Moisture of Extinction Dead Fuels). The table indicates the predicted rate of spread (ROS) in chains per hour, along with the flame length (FL) in feet per minute. A chain is 66 feet in length, so the measurement “chains per hour” is roughly equivalent to the measurement “feet per minute.”  

Use Figure 2 to describe the expected fire behavior based on the proportion of the plan area that contains the various fuel models. Using this table, select the flame lengths, fireline intensity, and heat per unit area, along with the rates of spread for the fuel models that occur in the planning area. It is helpful to describe the proportion of the planning area covered by the fuel types (models) with resulting fire behavior, and to highlight the locations of the most extreme fire behavior.

Figure 2. Description of Fuel Models and Fire Behavior

	Fuel Model
	Typical Fuel Complex
	Fuel Loading (T/A)

   1-H
10-H      100-H       Live
	Fuel Bed Depth (ft)
	Moist. of Extinction Dead Fuels (%)
	ROS* ch/h
	FL* (ft)

	1
	Short Grass
	0.74
	0.00
	0.00
	0.00
	1.0
	12
	78
	4

	2
	Timber
	2.00
	1.00
	.50
	.50
	1.0
	15
	35
	6

	3
	Tall Grass
	3.01
	.00
	.00
	.00
	2.5
	25
	104
	12

	
	
	
	
	
	
	
	
	
	

	4
	Chaparral
	5.01
	4.01
	2.00
	5.01
	6.0
	20
	75
	19

	5
	Brush
	1.00
	.50
	.00
	2.00
	2.0
	20
	18
	4

	6
	Dormant brush
	1.50
	2.50
	2.00
	.00
	2.5
	25
	32
	6

	7
	Southern rough
	1.13
	1.87
	1.50
	.37
	2.5
	40
	20
	5

	
	
	
	
	
	
	
	
	
	

	8
	Closed timber litter
	1.50
	1.00
	2.50
	0.00
	0.2
	30
	2
	1

	9
	Hardwood litter
	2.92
	.41
	.15
	.00
	0.2
	25
	8
	3

	10
	Timber
	3.01
	2.00
	5.01
	2.00
	1.0
	25
	8
	5

	
	
	
	
	
	
	
	
	
	

	11
	Light logging slash
	1.50
	4.51
	5.51
	0.00
	1.0
	15
	6
	4

	12
	Medium logging slash
	4.01
	14.03
	16.53
	.00
	2.3
	20
	13
	8

	13
	Heavy logging slash
	7.01
	23.04
	28.05
	.00
	3.0
	25
	14
	11

	*ROS and FL are represented under a fine dead fuel moisture of 8%, a midflame windspeed of 5 mph and live fuel moisture, if present, of 100% (Anderson 1982).


3.5. Fire History

The fire history of an area is a description of the time, space, and cause of fires in the planning area. In fire jargon, “risk” is often associated with fire history, because this term describes the events that cause a fire to start (i.e., ignitions).  

The fire history of an area is important because it illustrates the potential for future fires. Large fires often repeat themselves; thus it is useful to understand burning patterns over time. An area’s fire history also portrays ignition patterns that can target effective prevention programs. For example, if there is a history of frequent fires along a well-traveled route, roadside vegetation management may be in order. Additionally, fire history discerned through fire scars on tree rings may indicate the way fires have changed over time, both in frequency and intensity. This may point to appropriate goals for future fuel conditions.

3.5.1. Fire Caused by Natural Lightning

 Lightning fires in the Sierra Nevada are common in the summer and fall months, particularly at higher elevations and on the eastern slope. Fires ignite when lightning strikes coincide with rainless, windy weather; however, lightning fires rarely occur in the spring. Lightning is closely related to elevation (and hence vegetation), more so than slope steepness and aspect (except for the east side of the Sierra, which accounts for the majority of strikes). Lightning-caused fires in the Sierra Nevada are most prevalent at 4,000 to 7,000 feet elevation, where the incidence of lightning strikes and burning conditions coincide most. There are fewer strikes at lower elevations, while above 8,000 feet, fuels are sparse and moisture typically accompanies lightning.
 Higher-elevation vegetation types such as lodgepole pine and whitebark pine have significantly more lightning strikes but less fire because of their lower fuel volumes, which  result in more benign fire behavior  Red fir has a lightning strike incidence at an intermediate frequency.   

3.5.2. Native American Period Fire History

Fires prior to European settlement in most of the lower-elevation grasslands, oak woodland, and conifer forest types of the Sierra Nevada were frequent, burned for months at a time, and collectively covered large areas. Although the fires were primarily low to moderate intensity, they exhibited complex patterns of severity. Fire frequency, intensity, and severity varied through time and across the landscape in response to variations in climate, number of lightning ignitions, topography, vegetation, and human cultural practices.
, 
 E.A. Sterling wrote in 1904:

“When white men first came into the region, they found it the established custom of the Indians to burn over the woods every fall to scare out game at the time of the annual ‘drive.’ Many of the larger trees are badly fire-scarred, while nearly all are more or less charred.”
      

Fire-scarred trees document fire histories before written records were established. Many researchers concur that fire frequency ranged from 5 to 25 years in the Sierra Nevada prior to European settlement. For thousands of years, the forest burned often, creating a fire-influenced pattern of vegetation dominated by more fire-tolerant species. These forests are likely to be composed of widely spaced large trees, patches of young trees, and a greater area covered by wildflowers, grasses, and hardwoods. A fire-climax
 stand structure model
 is much more open and park-like than a classic “old-growth” stand structure found in areas with higher annual precipitation. Fire tends to remove understory trees and shrubs, whereas an old-growth stand has a more complex and multi-layered understory.

3.5.3. European Settlement Fire History 

Sterling (1904) continues: 

"With the coming of the early settlers, the general firing indulged in yearly by the Indians was broken up, although they have always remained a source of fire danger. Since the industrial development of the region began, the most annoying and common cause of fire has been the sheepmen..., firing the brush or forest whenever it pleased them. By 1904, all but one or two small bands of sheep were driven from the region. An occasional fire is probably started by lightning, but the majority of present-day fires are the result of the careless use of fire by hunters, fishermen, and campers. The numbers of these various causes is very great. Fires near valuable property are always fought and extinguished as soon as possible. Those in more remote districts, however, are left to burn out as they will."

During European settlement logging, primarily of the largest, oldest trees, became common, with subsequent changes in forest structure and fuel volumes. 

3.5.4. Recent Fire History

During the last century fire history has changed dramatically. Forest fuels have changed through more modern cultural practices of timber harvesting, mining, and grazing. Fire control in the Sierra Nevada has been extremely effective, particularly since the 1930s. Wildfire now escapes
 less than 2% of the time—but those escaped fires cause the vast majority of damage.

The SNEP report
 compared historic fire-return intervals
 and present patterns, resulting in the following table.  

Figure 3. Fire Return Intervals for Sierra Nevada Vegetation Types





    Fire Return Interval (years)





Historic (pre-1900)
Present
Forest Type

Red fir




26

1,644

Mixed conifer-fir


12

   644

Mixed conifer-pine


15

  185

Ponderosa pine



11

  192

Blue oak




8

   78

Summarize your fire history here. Is it consistent with overall Sierra fire history, why or why not? When were the large fires in your planning area? Is there a pattern of ignitions? Is there any unique Native American or settlement history related to fire?

Fire history is available from the FRAP Fire Perimeters Website: frap.cdf.ca.gov/projects/fire_data/fire_perimeters/. This site displays the pattern of larger fires from 1953 to 2003. Fires larger than 300 acres on private land and larger than 10 acres on USFS lands are typically displayed. For fire history, typically fires are sorted by decades (or individual years) and/or fire size. Sometimes the number of times a parcel has burned is portrayed in the fire history maps in order to draw attention to frequently burned areas, or to those areas where fire has been absent for decades.

This website can be downloaded into a GIS program if you have that capacity. It allows the creation of maps that highlight the attributes associated with data. If not, use the Fire Planning and Mapping Tools website as described below.

Create and insert your fire history map from Fire Planning and Mapping Tools. (See Instructions D for details on how to start your map on the website.)

→ To show the fire history layer: click the Fuels layer and check visible next to Fire History. There are three choices of years to display: (1900-1949), (1950-1999), and (2000-2005).

→ Choose all the layers you want to display by checking Visible next to the desired fire history years. Remember that too many layers could make your map hard to read.

→ Click Refresh Map to have all the desired layers shown.

Figure 4. [PLACE] Fire History Map
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3.6. Fire Hazard
The term “hazard” is usually used in the fire community in relation to topography and fuel complex
 (the volume type, condition, arrangement, and location of fuels).
 After several decades of successful fire-suppression efforts, the Sierra Nevada has an increasing problem of loss from wildfire. Fuel loads have increased to unnatural levels, and land-use patterns place valuable resources at risk from unnaturally intense wildfires. Fire hazard is influenced by past disturbances. The history of fire or management activities greatly alters the hazard for better or worse by changing the overall moisture of the site, as well as the volume and spatial arrangement of the fuels. This history is characterized by three fire management eras: the time before human occupation when lightning was the only ignition source, the era of Native American occupation when fire was used extensively, and the era after European Settlement when fire was largely suppressed (as discussed in the Fire History section above).”
 

3.6.1. Hazard Assessment

To quote from the FRAP website: “CDF has developed a hazard assessment methodology for the California Fire Plan to identify and prioritize pre-fire projects that reduce the potential for large, catastrophic fires.”
 The fuel hazard ranking tells us the expected behavior of fire in severe weather (when wind speed, humidity, and temperature make conditions favorable for a catastrophic fire). The method for determining the fuel hazard ranking is based on: a) fuel model, b) slope, c) brush density, and d) tree density.

Evaluation of the fuel model and slope will result in a surface rank, which indicates the “rate of fire spread and heat per unit area associated with each unique fuel model-slope combination.”
 This describes how fast and hot a potential fire can burn in a given area. The methodology then measures how abundant ladder fuels and crown fuels are in the area. Coupled with potential fire behavior, CAL FIRE ranks the fire hazard in any location.   

 If an area has a very high surface rank (a very high rate of fire spread and heat per unit area), along with dense crown and ladder fuels, then it is highly probable that a fire could reach catastrophic proportions there during a severe weather condition. The area would receive a very high hazard rating. If an area has a moderate surface rank (a low rate of fire spread and heat per unit area) and has very little crown and ladder fuel, then there is a low probability of a catastrophic fire occurring there and it would receive a moderate hazard rating.

This information helps CAL FIRE and other agencies determine what kind of fire might be expected in different areas. “CDF pre-fire engineers verify these [hazard] rankings and use this fuel hazard assessment in conjunction with three additional Fire Plan assessments (weather, assets at risk, and level of service).”
 
Create and insert your fire hazard map from Fire Planning and Mapping Tools. (See Instructions D for details on how to start your map on the website.)

To create your Fire Hazard Map, use the Fuel Rank (Q81_DET05_2) layer. This layer indicates moderate, high, and very high fuel rankings based on inputs such as fuel, slope, brush density (ladder), and tree density (crown cover).    

→ To display the fire hazard layer: click on the Fuels layer and check visible next toFuel Rank (Q81_DET05_2) 
.

→ Click on Refresh Map to have all desired layers shown.

See frap.cdf.ca.gov/data/fire_data/fuel_rank/index.html  for more information on fire hazards.
The following map displays fire hazards for the planning area.

Figure 5. [PLACE] Fire Hazard Map
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3.7. Fire Regime
The fire regime is an objective measurement of fire’s natural occurrence in the landscape, which is not necessarily the current condition or appearance. The fire regime includes the season, frequency, intensity, and spatial distribution of fires. There is quite a wide variability of "natural" intervals, intensities, and seasons, but some generalities can be made. Each vegetation type will have its own fire regime. A standardized set of five fire regimes has been generally accepted nationwide.
,
  

The five natural (historical) fire regimes are classified based on average number of years between fires (fire frequency) combined with the severity (amount of overstory replacement) of the fire on the dominant overstory vegetation. These five regimes include:

I: 0 to 35-year frequency and low (surface fires most common) to mixed severity (less than 75% of the dominant overstory vegetation replaced);

II: 0 to 35-year frequency and high (stand replacement) severity (greater than 75% of the dominant overstory vegetation replaced);

III: 35- to 100+-year frequency and mixed severity (less than 75% of the dominant overstory vegetation replaced);

IV: 35- to 100+-year frequency and high (stand replacement) severity (greater than 75% of the dominant overstory vegetation replaced);

V: 200+-year frequency and high (stand replacement) severity. 

As scale of application becomes finer, these five classes may be defined with more detail, or any one class may be split into finer categories.

The Fire Regime on the Fire Planning and Mapping Tools website is based on the written fire history of the area. While this is useful for large-scale planning, fire regime can also be categorized through knowledge of the characteristics of pre-European settlement fire occurrence. Discovering the appropriate fire regime is a larger undertaking done by researching the history as recorded by fire scars on trees or by conducting a literature search of the relationships of fire to the various vegetation types in the area. In the absence of more site-specific information, the Fire Planning and Mapping Tools website can be used to describe the general Fire Regime.  

 Create and insert your Fire Regime map from Fire Planning and Mapping Tools. (See Instructions D for details on how to start your map on the website.)

→ To display the fire regime layer: click on the Fuels layer, and check visible next to Fire Regime (FIRE_REG03_2).
→ Click on Refresh Map to have all desired layers shown.

3.7.1. Fire Condition Class

The difference in fire regime between pre- and post-European settlement is described by the condition class. This is a subjective measurement, but mapping of the fire regime condition class has been done nationwide and is widely accepted. Usually where the condition class indicates that fire has been absent for an unnaturally long time, the hazard and potential damages are high to both the environment and human improvements in the area.

Three condition classes are described for each fire regime. Condition class is based on a relative measure describing the degree of departure from the historical natural fire regime. This departure results in changes to one or more of the following ecological components: vegetation characteristics (species composition, structural stages, stand age, canopy closure, and mosaic pattern); fuel composition; fire frequency, severity, and pattern; and other associated disturbances (e.g. insect and disease mortality, grazing, and drought). There are no wildland vegetation and fuel conditions or wildland fire situations that do not fit within one of the three classes. 

The three classes are based on low (FRCC
 1), moderate (FRCC 2), and high (FRCC 3) departure from the central tendency of the natural (historical) regime. “Low departure is considered to be within the natural (historical) range of variability, while moderate and high departures are outside.”
 Areas considered at a high or moderate departure from the natural regime are experiencing dramatic increases in fire behavior, intensity, severity, and fire size.
 

The greater the departure from the natural fire regime, the greater the variations to ecological components and the higher the risk of losing key ecosystem components.
 For example, FRCC 3 classification means that fire regimes have been greatly altered from their natural range (i.e., from 3-10 years between fires prior to European settlement to 50-70 years since), and likewise, vegetation characteristics have been dramatically altered from their natural range. For example, an area may have experienced a fire regime of small, frequent, low-intensity fires prior to European settlement. Because fire suppression has been successful, only one fire has burned the area in the past 100 years. The fuels have become so voluminous that fire behavior is predicted to be intense, with the potential to kill trees that have survived other fires over the centuries  The fuels have also become more uniform, creating conditions that facilitate fire spread and result in a large fire. Therefore, the risk of losing key ecosystem components is high. As another example, FRCC 2 classification means that fire regimes have been moderately altered from their natural range, resulting in vegetation characteristics that have been moderately altered. The risk is also moderate. 

The virtual exclusion of widespread low- to moderate-severity fire has affected the structure
 and composition
 of most Sierra Nevada vegetation types, especially in low- to middle-elevation forests. Conifer stands generally have become denser, mainly in small- and medium-size classes of shade-tolerant and fire-sensitive
 tree species. Fuels have become more continuous vertically, contributing to more spatially homogeneous forests. Selective cutting of large overstory trees
 and the relatively warm and moist climate during much of the twentieth century may have enhanced conditions for establishment of tree seedlings. 

SNEP (1996) notes:

“The increased density of young trees together with increased fuels from fire suppression and tree mortality has created conditions favorable to more intense and severe fires. Moreover, severe fires are more likely to be large because they are more difficult to suppress, although data on large fires in the Sierra indicate that current fire sizes vary greatly among national forests. While we cannot be sure whether more absolute area has burned in severe fires in the twentieth century than in pre-contact times, it is clear that within those areas that do burn, a greater proportion of fire is high-severity than in the past.”
 

Condition class does not relate directly to fire hazard but is designed to better predict the effects from a fire, specifically, fire-related risks to ecosystems. The documentation for this layer in the Fire Planning and Mapping Tools website is paraphrased as follows. 

"Current expected fires are compared to historic fire regimes with respect to fire frequency, size and patchiness, and effects on key ecosystem elements and processes. Classes are assigned based on current vegetation type and structure, an understanding of its pre-settlement fire regime, as well as the current conditions regarding expected fire frequency and potential fire behavior."

Fuel management projects can restore the vegetation type and structure through prescribed fire and/or other types of management techniques in a spatial distribution that can mimic the effect of natural fire regimes. Thus fuel management can move a condition class to one more closely resembling pre-European settlement, regardless of recent fire history.

The condition class in the planning area is [FRCC 1, 2, or 3], based on a natural fire regime of [I, II, III, IV, or V] and a fire history showing an interval of [number] years. The following map shows Condition Classes for the planning area.

Create and insert your condition class map from Fire Planning and Mapping Tools. (See Instructions D for details on how to start your map on the website.)

→ To display the condition class layer: click on the Fuels layer, and check visible next to Condition Class (CON_CLASS03_2).

→ Click on Refresh Map to have all desired layers shown.

Another source, the USGS Landfire Mapping Program (www.landfire.gov), has mapped the Fire Regime Condition Class throughout the Sierra Nevada. This product can be downloaded from gisdata.usgs.net/website/landfire/. According to their website: “LANDFIRE, also known as the Landscape Fire and Resource Management Planning Tools Project, is a five-year, multi-partner project producing consistent and comprehensive maps and data describing vegetation, wildland fuel, and fire regimes across the United States. LANDFIRE data products include layers of vegetation composition and structure, surface and canopy fuel characteristics, historical fire regimes, and ecosystem status. LANDFIRE national methodologies are based on the latest science and extensive field-referenced databases. LANDFIRE data products are designed to facilitate national- and regional-level strategic planning and reporting of wildland fire management activities. Data products are created at a 30-meter grid spatial resolution raster data set. LANDFIRE national data products are produced at scales that may be useful for prioritizing and planning hazardous fuel reduction and ecosystem restoration projects.”

Figure 6. [PLACE] Condition Class Map


[image: image3]
3.8. Fire Threat

“Fire threat can be used to estimate the potential for impacts on various assets and values susceptible to fire. Impacts are more likely to occur and/or be of increased severity for the higher threat classes. Fire Threat is derived from a combination of fire frequency (how often an area burns) and expected fire behavior under severe weather conditions. Fire frequency is derived from 50 years of fire history data. Fire behavior is derived from fuels and terrain data. These data inputs are also catalogued within CERES and available via the CDF-FRAP web site. Detailed documentation is under development and will be posted on the FRAP web site.”

To determine whether fire threat is applicable to your community, you can use the CAL FIRE methodology by simply accessing the FTHRT04_1 layer of the FPMT website.
→ To display the fire threat layer: click on the Fuels layer and check visible next to Fire Threat (FTHRT04_1).
→ Click on Refresh Map to have all desired layers shown.

Create and insert your fire threat map from Fire Planning and Mapping Tools. (See Instructions D for details on how to start your map on the website.)

This is another option for creating this map from CAL FIRE data:

The analysis method developed by CAL FIRE suggests that areas with higher fire frequency have a higher potential threat. Areas with high fire frequency could take advantage of this methodology; areas with lower fire frequency can justify action with the potential for economic loss when the next, overdue fire occurs. The anticipated fire hazard should be overlaid with areas of high economic or ecological vulnerability to justify action as a substitute for fire frequency.

If you chose a methodology other than CAL FIRE’s, you would use the layers describing the various assets at risk on the FPMT (e.g. water supply, scenic views) to describe the vulnerability of the planning area. The hazard layer Fuel Rank (Q81_DET05_2), described in Section 3.6.1 above should also be used. Using a GIS program outside the FPMT, the assets at risk and the hazard can be used in a weighted analysis. The combination of the values and weights will provide another perspective on fire threat.

To determine Fire Threat based on CAL FIRE’s assets at risk and fuel rank, you will need to:

Step 1: Download the data (only one data layer needed – Q81_DET05_2) for your area of interest from the FPMT.

Step 2: Determine which assets at risk you would like to use (Water Supply, Water Storage, Timber, Structures, Soil Erosion, Scenic Viewsheds, Recreation, Range, Non-game Wildlife, Infrastructure, Hydroelectric Power, Historic Buildings, Fire-Flood Watersheds, and Air Quality).

Step 3: Determine weight (relative importance) for each asset at risk.

Step 4: Prepare layer(s) for weighted analysis.

Step 5: Perform additive analysis, for example (Air Quality Rank *.20) + (Soil Erosion Rank * .80) + Fuel Rank.

Step 6: Reclassify resultant output into the following fire threat values:

Threat Value

Description
-1


LITTLE OR NO THREAT
1


MODERATE THREAT
2


HIGH THREAT
3


VERY HIGH THREAT
4


EXTREME THREAT
Instructions for each step outlined above are detailed here. Keep in mind that your analysis will differ depending on your organization’s fire and GIS expertise. The steps detailed below are just a guideline.

STEP 1:

→ To display the fire hazard (fuel rank) or any of the assets at risk: click on the Fuels layer and check visible next toFuel Rank (Q81_DET05_2) the 
 layer. Next, click on the Planning Assessment, Total Asset Score, or Assets at Risk layers and check Visible next to the appropriate layers, e.g. Water Supply (Q81_DET05_2), or Structures (WUI) (Q81_DET05_2) 
.
→ Click on Refresh Map to have all desired layers shown.

→ To download the shapefile (GIS layer), click on Download on the list of options on the left of the screen.

→ In the pop-up box listing all the layers that will be downloaded:  click on Extract.

→ Another window will open listing your prepared zipped file (containing all shapefiles) as well as the metadata for each layer. Click on the appropriate links and save the file(s) on your hard drive.

→ Extract (unzip) the files on your hard drive.

NOTE: You do not need to download more than one file. The attributes contained in the shapefile Q81_DET05_2 has all surface fuel rankings. 

STEP 2:

→ Determine the assets at risk that your organization is interested in using for this weighted analysis. You may want to confer with your local fire personnel to garner the expertise needed to determine which assets are at most risk from fire in your planning area.

STEP 3:

→ Determine the relative importance of each asset at risk for your planning purposes. Each asset has already been assigned a rank by CAL FIRE (1, 2 or 3 for Low, Medium or High). Your fire personnel will have to determine the “weight” each asset will have in the overall analysis.

STEP 4:

→ Your GIS personnel may need to prepare your shapefile for analysis, depending on GIS methods used.

STEP 5:

→ A simple way to determine fire threat is to add up the rankings for each asset at risk (of your choosing) and the fuel hazard rank. The higher the number, the higher the fire threat. A more nuanced approach is to “weight” each contributing factor. For example, (Air Quality Rank *.20) + (Soil Erosion Rank * .80) + (Fuel Rank). Using your organization’s GIS and fire expertise, a weighted analysis can be derived and performed to determine fire threat using factors specific to your planning area.
STEP 6:

→ Depending on the number of assets used and the weights assigned, the resulting values may have a wide range. Again, relying on your organization’s fire and GIS expertise, you will then need to reclassify those resulting values into a meaningful scale. To remain consistent, your resulting values for fire threat should be reclassified into the following:

Threat Value

Description
-1


LITTLE OR NO THREAT
1


MODERATE THREAT
2


HIGH THREAT
3


VERY HIGH THREAT
The following map displays fire threats for the planning area.

Figure 7. [PLACE]Fire Threat Map
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3.9. Changing Fuels in the Wildland Urban Interface

The above information and assessments provide a context and history of the changing fire environment. Many recognize that the changing fire environment, along with increasing urbanization and human use of the Sierra Nevada, have created conditions where human life and property, as well as key ecosystem components, are at increasing risk from the effects of high-intensity wildfires.

Before the mid-1800s, fires generally were frequent and mostly of low to moderate intensity, from lower-elevation blue oak woodlands through upper-montane red fir forests.
 Fire exclusion, logging, grazing, forest clearing, and urbanization have combined to alter fire regimes that are now quite different from their historical character. These modified fire regimes have corresponding modified ecosystems, often with increases in vegetation density and accumulation of forest litter and duff that support a larger proportion of high-intensity fires than occurred under historical conditions.
 The problems were created over a long time, and they will not likely be solved rapidly. The use of shaded fuelbreaks and other community fuel reduction efforts along the interface can reduce these fire risks.
 Hence, this plan outlines actions to do just this.


























































� This section was written primarily by Carol Rice, Wildland Resource Management. Please credit appropriately. 


� Fire Behavior: The combination of fire spread, heat output, flame length intensity, etc. as the fire responds to weather, topography, types of fuels, etc.


� Fire Resiliency: The ability of an ecosystem to maintain its native biodiversity, ecological integrity, and natural recovery processes following a wildland fire disturbance.


� Fire Intensity: A measurement of the heat released in an area during a specific amount of time (btu/ft/sec). Intensity has a large influence on an ecosystems’ recovery from fire.


� Heat Output: The total amount of heat a fire released in a specific area during the passing of the flaming front.


� Control: The act of managing a fire, which generally entails a completed control line around the fire.


� Residence Time: How long the flaming front burns in any one location.


� Fuel Modification: The management of fuels for fire safety. Examples include prescribed burns and creation of firebreaks.


� Embers: Small glowing or smoldering pieces of wood or other organic debris, often dispersed ahead of a fire, also known as firebrands


� Spot Fire: A smaller fire outside the boundary of the main fire (usually ahead of the direction the fire is traveling), started by airborne sparks or embers.


� Ladder Fuels: Materials such as shrubs or small trees connecting the ground to the tree canopy or uppermost vegetation layer. In forests, this allows fire to climb upward into trees.


� BTU: British Thermal Units (heat)/feet/second.	


� Leading Edge: The foremost part of a fire that is guiding the fire in the direction of travel. 


� Duff: A layer on the forest floor that is made up of decomposing organic matter such as leaves, needles, and small branches.


� Suspended Dead Material: Typically composed of pine needles that are draped on living brush. Made up of dead fuels not in direct contact with the ground, consisting mainly of dead needles, foliage, twigs, branches, stems, bark, vines, moss, and high brush. In general these fuels easily dry out and can carry surface fires into the canopy.





� Hydrophobic: Literally meaning “water-fearing” as in a substance such as oil, which does not mix well with water. Also refers to a soil that will no longer absorb water.


� Burn-Out Time: The length of time in which flaming and smoldering phases occur in a given area or for the whole fire.


� Cambium: The growing layer of a tree, located between the bark and wood of the stem.


� Aspect: The direction that a slope faces (as in north, south, east, or west). 


� Diurnal: Belonging to or active during the day.


� Foehn Events: A wind that blows warm, dry, and generally strong, creating extremely dry fuel and dangerous fire potential.


� Husari, S., T. Nichols, N.G. Sugihara, and S.L. Stephens (2006). “Fuel Management.” In: N.G. Sugihara, J. van Wagtendonk, K.E. Shaffer, J. Fites-Kaufman, and A.E. Thode, editors. Fire in California’s Ecosystems. Berkeley: University of California Press. Pp. 444–465. 


� Fire Weather: The various types of weather that affect how a fire ignites, behaves, and is controlled.


� � HYPERLINK "http://www.rmrs.nau.edu/fourcornersforests/wildlandterms.htm" ��www.rmrs.nau.edu/fourcornersforests/wildlandterms.htm� 


� Aloft Winds: Upper winds that occur in the atmosphere above the surface level, generally 2,000 feet and higher.


� 1-Hour Fuel: Fuels that are less than ¼ inch in diameter. These fuels will only take about an hour to lose or gain two-thirds of the equilibrium moisture content of their environment. 


� 10-Hour Fuel: Fuels that range in diameter from ¼  inch to 1 inch, and take about ten hours to lose or gain two-thirds of the equilibrium moisture content of their environment.


� 100-Hour Fuel: Fuels that range from 1 inch to 3 inches and take about 100 hours to lose or gain two-thirds of the equilibrium moisture content of their environment.


� 20-Foot Wind Speed: The speed of wind, measured 20 feet up, in miles per hour.  


� Information obtained from the Meyers Station near South Lake Tahoe at 6,337 feet elevation during June from 1987 to 1997 (Murphy et al., 2000).  


� 90th Percentile: Weather observations that are among the most extreme—only 10% of the observations are more extreme under 90th percentile conditions.


� Hydrology: A science that deals with the waters of the Earth including movement, distribution, seasonal patterns, and conservation.


� Moisture Content: The dry weight of a material, such as wood or soil, compared to the wet weight of the same material. It is not unusual for live material to have a moisture content greater than 100% because it could contain more water than solid material by weight.


� Graber, D.M. (1996). “Status of Terrestrial Vertebrates.” Sierra Nevada Ecosystem Project, Final Report to Congress, Volume II, Assessments and Scientific Basis for Management Options. Davis: University of California, Centers for Water and Wildland Resources.


� Moyle, P.B., R.M. Yoshiyama, and R.A. Knapp (1996). “Status of Fish and Fisheries.” Sierra Nevada Ecosystem Project, Final Report to Congress, Volume II, Assessments and Scientific Basis for Management Options. Davis: University of California, Centers for Water and Wildland Resources.


� Shevock, J.R. (1996). “Status of Rare and Endemic Plants.” Sierra Nevada Ecosystem Project, Final Report to Congress, Volume II, Assessments and Scientific Basis for Management Options. Davis: University of California, Centers for Water and Wildland Resources.


� Endemic: A plant that is native to a certain limited area and found nowhere else.


� � HYPERLINK "http://www.nps.gov/archive/seki/fire/fire_gloss.htm" ��www.nps.gov/archive/seki/fire/fire_gloss.htm� 
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