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Abstract 

Riparian systems proportionally occupy a narrow slice of the landscape, 

yet provide beneficial resources in excess of their expanse. Riparian 

buffers are meant to preserve this natural variability and immense 

ecological value. Largely based on research conducted in riparian zones 

subjected to years of fire suppression, guidelines developed for riparian 

buffers might misrepresent historical or ecologically sustainable 

conditions. Ecologists know little historically, spatially, and temporally 

of the role of fire in riparian corridors and recognize that the long-term 

sustainability of riparian ecosystems may necessitate temporal and spatial 

disturbance events. Fire was historically an important, natural component 

of the Klamath Mountains Province of southwestern Oregon, and there is 

evidence that certain riparian corridors burned with comparable 

frequencies to their associated upland areas.  To gain a better 

understanding of prescribed fire behavior and effects in riparian areas 

and inform the results of several companion studies, we quantified changes 

to the forest fuel profile, including the first order fire effects 

associated with fuel treatments that traditionally buffer headwater 

riparian areas compared with treatments applied throughout these riparian 

buffers. We used plot data to model predicted fire behavior under mid-late 

summer and early fall conditions which enhance the likelihood of intense 

fire behavior. To assess the effectiveness these landscape treatments in 

reducing extreme fire behavior we compared the results for predicted fire 

behavior before and after treatments. We present results to inform 

decisions about the implementation of fuel prescriptions in southwestern 

Oregon riparian areas associated with perennial and intermittent streams.  

Overall, treating fuels in these headwater streams and associated uplands 

through non-commercial thinning, handpile burning and prescribed under 

burning, re-introduced low-moderate severity fires, reduced fuel loads, 

and diminished predicted fire behavior within upland areas and unbuffered 

riparian areas, while buffered riparian areas remained largely unchanged.  
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Introduction 

Situated at the terrestrial and aquatic interface, riparian systems 

represent the most dynamic and biologically complex environments found in 

forested ecosystems (Sarr et al. 2005; Naiman et al. 2000; Skinner & Chang 

1996). Though they occupy a small portion (0.5 - 2%) of the total 

landscape (Dwire & Kaufmann 2003; Naiman et al. 1993), these ecological 

zones provide unique habitat and resources to both aquatic and upland 

species (Naiman and D‟ecamps 1997). Encompassing a three dimensional 

space, down into the saturated hyporheic zone beneath the stream, out to 

the flood plain and into the surrounding vegetation, the dimensions of 

this zone vary considerably depending on environmental characteristics 

such as stream size and position in the drainage network, the hydrological 

regime, and geomorphology of the region (Naiman and D‟ecamps 1997).   

Riparian buffers, created as a management tool for protection of lentic 

systems, do provide acknowledged benefits, particularly by acting to 

alleviate impacts from various land management activities (Macdonald et 

al. 2003). However, concerns surround their blanket implementation. The 

standards and guidelines developed to define buffers of varying sizes 

according to stream classification and fish bearing status, such as in the 

Northwest Forest Plan (1994), may misrepresent ecologically sound 

conditions, having largely been based on research conducted in forests 

subjected to years of fire suppression (Skinner 2003). The understanding 

of small stream ecology, and particularly their function in the whole 

watershed, relative to knowledge gained by research on large downstream 

systems, remains incomplete. This lack of knowledge „fuels‟ a debate 

surrounding the necessary levels of buffer retention for riparian 

vegetation in small streams (Moore and Richardson 2003).   

Fire is recognized as one among many agents of disturbance (fluvial, wind, 

herbivory, disease, anthropogenic, etc.) acting to influence riparian area 
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and forests processes (Naiman et al. 2000; Gresswell 1999; Naiman and 

Decamps1997; Sarr et al. 2005; Halofsky and Hibbs 2005). In the Pacific 

Northwest, specifically the Klamath Mountains, evidence of fire occurrence 

(charcoal traces in lake sediment) dates to the Holocene period (Mohr et 

al. 2000; Whitlock et al. 2003), indicating that fire disturbance played 

an historic role in this region (Aztet 1996; Skinner and Chang 1996; Frost 

and Sweeney 2000; Hessburg and Agee 2002; Taylor and Skinner 2003; Odion 

et al. 2004).   

Previous studies in the southern Oregon Cascades and Klamath Mountains 

have shown that certain riparian and upland forests have historically 

burned with comparable frequencies (Olson and Agee 2005; Taylor and 

Skinner 2003; Dwire and Kaufmann 2003; Skinner 2003).  However, relative 

to fire and upland forest interactions, the relationship of fire to 

riparian areas remains relatively understudied (Halofsky & Hibbs 2005; 

Kaufmann 2001; Everett et al. 2003).  Regarding the exclusion of fire from 

riparian zones as potentially detrimental, ecologists suggest that the 

long-term sustainability of ecologically diverse and viable riparian 

corridors may necessitate the incorporation of spatially and temporally 

variable disturbance regimes into management planning (Naiman et al. 1993 

& 2000; Kauffman 2001; Everett et al 2003; Reeves et al. 1995; Rieman et 

al. 2003; Olson and Agee 2005; Bisson et al. 2003; Frost & Sweeney 2000; 

Arno 1996). 

Weather, topography, and fuel greatly influence fire behavior. Cooler 

temperatures, higher soil moisture, higher humidity, and variation in 

vegetation attributed to riparian corridors have the potential to heavily 

influence fire spread, resulting in patchy burns of low intensity (Taylor 

& Skinner 1998; Everett et al. 2003; Skinner 2003; Dwire and Kauffman 

2003; Olson and Agee 2005) and in some cases stopping the fire. 

Conversely, the microclimate in riparian areas may also support greater 

biomass production and fuel loading. Under very dry conditions, typical of 
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summer in southwestern Oregon, these unnaturally high fuel loadings 

threaten the maintenance of the rich riparian biological and floristic 

diversity (Dwire and Kaufmann 2003; Coogle 2002; Aztet 1996), by 

potentially promoting wildfires of higher intensity and uniformity than 

the region would have historically supported (Everett 2003; Sarr et al. 

2005; Coogle 2002; Knapp and Keeley 2006).   Additionally, heavier fuel 

loading and more intense burning conditions might complicate both 

prescribed and wildfire operations by creating a fuel „wick‟ into the 

uplands. 

In general, the removal of vegetation, consumption of litter and duff, and 

induced tree mortality immediately following a fire may potentially affect 

several watershed functions, including sediment transport, available 

nutrient levels, water temperatures, evapotranspiration, coarse woody 

debris input, etc. (Reeves et al. 1995, Gresswell 1999; Dunham et al. 

2003; Miller et al. 2003; Sarr et al. 2005; Bowman and Boggs 2006). These 

post-fire effects on aquatic ecosystems can result in positive and/or 

negative complex combinations of immediate, sustained, direct and indirect 

patterns of influence (Dunham et al. 2003; Miller et al. 2003; Rieman 

1997). Inevitably, the intensity, extent, seasonality and severity of fire 

events interact with the climate, topography, and geology to produce 

variable impacts from one watershed to the next (Gresswell 1999; Rocca 

2004; Bowman and Boggs 2006).  

Burn severity describes the magnitude of ecological and physical effects 

from fire on organisms and communities (Key and Benson 2005, Cocke et al. 

2005, Arno and Allison-Bunnell 2002).  Multiple interpretations surround 

this broad concept and quantification of these effects begets an even 

broader array of options. Measures of fire severity are important to many 

disciplines from research to fire rehabilitation. To date, a universally 

standard method of measure does not exist, although recently, the 

difference in Normalized Burn Ratio (dNBR) (Key and Benson 2005) has 
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become a common mean of fire severity mapping.  The ground based measure 

of fire severity, the Composite Burn Index (CBI), which typically 

complements dNBR mapping results can function in a stand-alone measure of 

severity. Typical of other ground based measures, CBI methods quantify the 

amount of fuel consumption, soil alterations, and vegetation scorch and 

mortality.  

Fire behavior has many implications to the post fire effects on the site. 

There are considerable differences in the effects incurred from a fire 

contained to the surface, versus one that transitions to a passive crown 

fire, or one that burns through the trees in an active crown fire.  

Surface fire does not exclude post-fire mortality in the upper strata of 

the site, just as passive crowning (torching) does not necessarily 

indicate large scale upper canopy mortality. Passive crowning often limits 

fire containment options more so than surface fire and will provide for a 

higher probability of mortality, at least to individual trees. Fuels 

management activities intend to reduce fire hazard and promote ecological 

resiliency in fire prone habitats. Monitoring the effectiveness of these 

treatments is an essential element of adaptive management. 

This study is part of a larger interdisciplinary research project to 

quantify the effects of fuels treatments (thinning, handpile burning and 

prescribed underburning) in riparian areas on various resources, 

including: wildlife, botany, fuels, and hydrology. Given the critical 

resource value of riparian zones, we asked the following questions 

regarding “how riparian areas respond to non-commercial mechanical fuel 

thinning and prescribed fire treatments” (Grant proposal, 2004):(1) What 

changes to the forest fuel profile will occur, including the observed 

first order fire effects, from fuel treatments associated in upland and 

riparian small riparian areas?  (2) Will incorporating fuel reductions in 

riparian corridors significantly reduce the threat of wildfire across the 

landscape? Do riparian buffers lessen the effectiveness of landscape level 
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fuels treatments providing areas where extreme fire behavior may occur 

relative to unbuffering riparian corridors?  

To address these questions we quantified changes to the forest fuel 

profile, including fire effects associated with prescribed fire treatments 

in small stream riparian areas and the associated uplands with tree 

densities, fuel loading, maximum tree bole scorch height, and Composite 

Burn Index (CBI). To assess the influence of our fuel reductions at the 

landscape level, we modeled fire behavior based on the forest fuel profile 

data and recent fire season weather. We compared predicted fire types 

before and after treatments to assess their effectiveness in reducing 

extreme fire behavior. We present results that determine the ecological 

effects and effectiveness of these fuel treatments, and inform decisions 

about their implementation in southwestern Oregon riparian areas 

associated with perennial and intermittent streams. 
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METHODS 

Study Area 

 

Study sites were located in two fifth-field watersheds of the Middle Rogue 

Basin in the Klamath Mountain Geological Province of southwest Oregon: the 

Applegate River-McKee Bridge, and the Rogue River/Gold Hill watersheds 

(Fig. 1).  The Klamath Mountains are steep (12-80% slope) and elevations 

range between 300-1200 meters (1,000-4,000 ft). This area of southwestern 

Oregon is characterized by moist, cool winters and hot, dry summers. The 

mean annual precipitation is between 50-100 cm (20-40 in), mostly falling 

in the winter and spring months. Soils in this region are varied and 

widely intermixed. Within the study basins they are moderately deep and 

well drained silt loams and gravelly loams, though areas of excessively 

drained granitic soils are also present (USDA-NRCS 1993).  

 

Vegetation ranges from mixed-conifer forest, to a mixed-conifer/hardwood 

forest with patches of oak woodland in upland and riparian areas. Dominant 

conifers in the study area include Douglas-fir (Pseudotsuga menziesii 

(Mirb.) Franco), ponderosa pine (Pinus ponderosa C. Lawson), incense-cedar 

(Calocedrus decurrens (Torr.) Florin), and white fir (Abies concolor 

(Gord. & Glend.) Lindl. ex Hildebr.).  Subcanopy hardwoods include the 

evergreen species Pacific madrone (Arbutus menziesii Pursh) and Canyon 

live oak (Quercus chrysolepis Liebm.).  Deciduous hardwoods mostly consist 

of California black oak (Q. californica (Torr.) Cooper), Oregon white oak 

(Q. garryana Douglas ex Hook.), and big-leaf maple (Acer macrophyllum 

Pursh). The shrub species mock orange (Philadelphus lewisii Pursh), 

hazelnut (Corylus cornuta var. californica Marsh.), and dogwood (Cornus 

nuttallii Audubon ex Torr. & A. Gray) regularly occur in riparian areas.  

Shrubs common to the upland areas included Manzanita (Arctostaphylos 
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viscida Parry), buckbrush (Ceanothus cuneatus), and silk tassel (Garrya 

buxifolia A. Gray).   

 

 

 

Figure 1. Study area and paired riparian treatment study basins in 

southwestern Oregon. Map data was acquired from Bureau of Land 

Management (BLM) Corporate layers.  
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Responsive to subtle differences in topography, soils and moisture 

availability, these species and forest types often intermingle throughout 

the landscape, with the oak and upland shrub species growing in some 

riparian areas, as has been observed by other studies in this region 

(Alexander et al. 2006; Taylor and Skinner 1998; Taylor and Skinner 2003; 

Jimerson and Carothers 2002; Hosten et al. 2006). 

Sample Design 

The sampling design reflects the multi-party collaboration of the study 

and the needs of the land management objectives and multiple researchers 

involved. The entire study compares the before and after effects of 

typical fuels reduction treatments which only treat upland areas 

(hereafter referred to as buffered), to a treatment which would 

incorporate fuels treatments (manual thin, pile burn, and underburn) into 

the riparian area (hereafter referred to as unbuffered), utilizing a 

paired watershed approach (Fig. 2). The four paired study basins were 

adjacent and include a perennial and intermittent stream reach. Slope, 

aspect, elevation, geology, annual precipitation and vegetation are 

similar between adjacent basins, but differ throughout the study area. The 

history of fire, placer mining and timber activity varies between basins 

(Table 1).    

 

  

Figure 2. Paired watershed study design for buffered and unbuffered 

riparian treatments. Fuel treatments (manual thin, pile burn, and 

underburn) occurred in both the upland and riparian areas of the 

unbuffered treatment stream. For the buffered treatment, only uplands 

received fuels treatments.

Stream 

Unbuffered 

Buffered 
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Table 1. Study basin attributes including: Fuel treatment assignment and geographical attributes 

derived from corporate Bureau of Land Management (BLM) Geographic Information System (GIS) layers 

(ArcMap 9.2), and field data collection. Annual precipitation data is from PRISM group (2006) 

climatic raster data for the period of record 1971-2000. Past disturbance record compiled from BLM 

internal records (USDOI-BLM 1998 and USDOI-BLM 2001); commercial timber harvest (CHT), mechanical 

mastication (M-M), road bed (RB), placer mining (PM), water withdrawals (WW) and wildland fire (WF) 

(Volpe 2009). 
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BVR 1 Unbuffered 

W/S

W 25 23 33 15 0.5 0.3 

800-

1024 109 

CTH, M-M  

& RB 

BVR 2 Buffered S 32 26 53 22 0.3 2.7 

804-

1036 109 

CTH, M-M  

& RB 

FTS 1 Buffered 

W/S

W 17 11 226 113 1.6 4.2 

436-

988 71 

CTH, PM, 

WW & RB 

FTS 2 Unbuffered 

W/S

W 18 17 241 159 1 0.6 

536-

1048 71 CTH & PM 

STR 1 Unbuffered S 16 17 74 40 0.6 0.6 

524-

878 74 

WF, CTH & 

PM 

STR 2 Buffered S 12 17 39 39 0.2 0.5 

518-

884 74 WF  & PM 

UST 1 Buffered S 15 16 84 45 1 0.3 

768-

1268 117 CTH & PM 

    UST 2 Unbuffered S 20 17 271 175 1.6 0.8 

762-

1451 117 

CTH, PM & 

RB 
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Fuel Treatments 

The same fuel hazard reduction prescription was applied over a two year 

period to all areas receiving treatments. We randomly assigned fuels 

treatments (buffered vs. unbuffered riparian zone) to study basins.  In 

the four buffered basins the standard riparian buffer of 25ft (7.6m) on 

each side of an intermittent stream, and 50ft (15m) on each side of a 

perennial reach applied to all treatments, while the four unbuffered 

basins received fuels treatments, typical of upland areas, throughout the 

riparian corridor.  

The initial year of fuels treatments (2006) consisted of manual fuels 

reduction (cutting and hand piling) during the winter and spring months 

according to the following specifications: small conifers (less than 7in 

(18cm) diameter at breast height (DBH)) were cut and placed into piles by 

hand; small live conifer trees were left at an approximate spacing of 25ft 

(7.6m) on all sides; areas dominated by oak woodland or xeric species the 

brush was cut and hand piled, except where 15 feet (4.5m) diameter brush 

clumps were left uncut at an approximate spacing of 45ft (14m).; areas 

where oaks were naturally spaced less than 45ft (14m) all brush was cut 

and piled.  All hand piles were covered with 4 mil plastic to ensure that 

each pile was consumed at least 90% when ignited and at least 90% of all 

hand piles were ignited during the hand pile burn phase in the second year 

of treatment (Fig. 3). 

 

In the spring of 2008, to accomplish the burn plan objectives, prescribed 

under burning occurred in basins where the environmental prescription 

conditions favored these management applications (Fig. 3, Table 2). The 

burn plan objectives called for a 60% reduction of dead and down surface 

fuels less than 1 inch in diameter, and a 30-60% reduction of dead and 

down surface fuels greater than 1 inch in diameter. Additionally, high 

severity burns were to be avoided and sufficient litter and duff retained 
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to minimize bare mineral soil exposure and over-story (DBH>16”) mortality 

to less than 10%.  

 

 

Figure 3. Project timeline for data collection and fuel treatment 

implementation. (KBO and BLM 2009) 

 

The ignition pattern chosen for all of the treatment basins was a Strip 

Head pattern.  After securing the unit perimeter, the strips of fire 

varied in width (e.g. 3-9m (10-30 feet)) depending on conditions and 

observed fire behavior. Firing was adjusted to maintain an average flame 

length of less than 1.2m (4 feet).  Within unbuffered riparian areas 

ignition took place in the same manner as the upland areas. Direct 

ignition did not occur in buffered areas; however fire was allowed to back 

into the buffered areas.     

The geographically complex Foots Creek and Star Gulch basins encompassed a 

variety of aspects, topography, slope percentages, and elevation 

differences (Table 1).  This made under burning an entire basin in a 

single day unachievable.  On any given day of prescribed firing 

operations, basins may have contained areas on the high, moderate, and/or 

low end of the prescription range (Table 2), for example some areas within 

basins likely exceeded the moisture of extinction on burn day. 
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Table 2. Underburn environmental prescription window for environmental 

parameters established in the prescribed fire burn plan. 

 

 

First Order Fire Effects & Burn Severity  

Following prescribed burning the Composite Burn Index (CBI) burn severity 

assessment (Key and Benson 2006) was used to determine first order fire 

effects. The CBI method uses observer assigned post-fire evaluation of 

alterations/effects to designated parameters across vertically stratified 

vegetation categories (substrate, herbs, trees, etc.) to assess burn 

severity. The indices are based on observable severity metrics including, 

percent soil exposure, consumption of fuels, scorch, vegetation mortality, 

etc. The index is a continuous scale ranging from 0 to 3, representing 

unburned to high severity, respectively (Table 3).  Results include the 

burn severity of the two strata comprising the CBI, understory (substrate 

and vegetation<16ft or 5m) and over-story (canopy trees >16ft or 5m), in 

addition to the CBI value. CBI evaluations were made on fixed-radius 

(FIREMON) plots and additional shared plot locations along stream 

corridors (DeJuilio 2009).  There were 64 CBI plots in both buffered and 

unbuffered treatments and 6 CBI upland plots.  Maximum tree bole scorch 

height (ft) was also recorded at the fixed-radius plots during post burn 

data collection. 

Environmental Prescribed Fire Prescription Window 

 

 

 

 

 

OUTSIDE AREA AT 

CRITICAL HOLDING 

POINT 

 

MINIMUM 

ACCEPTABLE 

MOISTURE 

LOW DESIRED HIGH 

TEMPERATURE F°(C°) 35(2) 60 (16) 90 (32) 

RELATIVE HUMITY (%) 60 45 20 

MIDFLAME WIND SPEED (MPH) 0-10 0-8 0-6 

WIND DIRCTION (AZIMUTH°) upslope Upslope upslope 

1-HOUR FUEL MOISTURE (%) 12 9 7 7 

10-HOUR FUEL MOISTURE (%) 13 11 9 9 

100-HOUR FUEL MOISTURE (%) 15 13 11 11 

1000-HOUR FUEL MOISTURE(%) 25 22 19 19 
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Post treatment data collection occurred within approximately 2 months 

following the prescribed underburning, concurrent with the final field 

season for all other study components participating in this research 

project.  Portions of FTS2 and BVR1 did not receive the underburn 

treatment, due to prescription and smoke clearance issues, and these plots 

were not included in the burn severity and first order fire effects 

analysis. One upland plot (FTS1) ended up outside of the fuels treatment 

unit and has been excluded from all analysis. 

 

Non-parametric two sample z-tests were performed to test for no difference 

in mean severity values within strata (i.e. understory, over-story) and 

among treatment groups. A Bonferoni adjustment (α=0.025), was applied to 

the test to reduce the occurrence of a type I error. 

 

Table 3. Explanation of first order fire effects associated with burn 

severity categories constructed from CBI field values. Table derived from 

(Miller & Thode 2007, USDI - FMH)   

Severity 

Category CBI Index Explanation of Effects 

 

Unburned 

 

0.0 < 0.15 

 

No evidence of fire  

Low 0.15 < 1.25 Litter and/or duff charred to partially consumed; 

soil not visibly altered; woody debris partially 

charred/consumed. Little alteration to cover 

and/or vegetation mortality. 

Moderate 1.25 < 2.25 The area exhibits a mixture of conditions ranging 

from no effect to high severity values.  

High 2.25 - 3.0 Litter and duff completely consumed, leaving 

white ash/visibly altered mineral soil; large 

woody debris deeply charred/consumed.  

Significant char and vegetation mortality. 
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Treatment Effectiveness 

Forest Fuel Profile 

Tree Density & Fuel Loading 

  

Using a random starting location at the catchment base, points were 

generated every 50m along both intermittent and perennial streams within 

each basin to minimize bias in the placement and positioning of sample 

points (Kauffman et al. 1999).  Within every basin, two sampling points 

(one along a perennial reach and one along an intermittent reach) were 

selected from these 50m interval points and then field verified for 

safety. Prior to any fuel treatments permanent 0.1 acre fixed-radius plots 

were established at these sample points along with a visually determined 

representative upland sample location. This resulted in a total of 8 plots 

within each treatment type. The data collected followed methods outlined 

in the FIREMON protocols (Lutes, et al. 2006) for Fuel Loading (FL) and 

Tree Data (TD. Tree data collected included diameter at breast height 

(DBH) (in), fuel base height (ft), and live canopy ratio.  

The fire effects database Feat-Firemon Integrated (FFI) (Lutes, et al, In 

press) internal analysis software was used to generate graphs of tree 

densities. Based on the fuel thinning prescription, confidence intervals 

for tree densities were analyzed in two size-class categories: sapling 

(1.0 - < 7.0 in DBH (2.5 - <18 cm DBH)) and over-story (>7in DBH (>18 cm 

DBH)). Utilizing a paired Before-After-Control-Impact (BACI) design (Smith 

2002), confidence intervals (95%) were examined to detect significant 

differences in the magnitude of average percent change between treatment 

groups. 

FFI (Lutes, et al, In press) internal analysis software was also used to 

calculate fuel loading in tons acre
-1
 by size/time-lag classes: 1hr, 10hr, 

100hr, and 1000hr (sound & rotten) (Fosberg 1970), and duff and litter. 
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This data was exported and confidence intervals for target objectives 

outlined in the prescribed burn plan were analyzed. Utilizing a paired 

Before-After-Control-Impact (BACI) design (Smith 2002), confidence 

intervals (80%) were examined to detect significant differences in the 

magnitude of average percent change between treatment groups and determine 

the accomplishment of burn plan objectives. 

 

Predictive Fire Behavior Modeling 

FMA+ - Fuels Management Analyst Suite 

Fuels Management Analyst Suite (FMA+) Ver3.901.38 (Carlton 2008) is a non-

spatial fire behavior and fuel calculator. For each treatment group, fire 

type was assessed with the FMA+ CrownMass processor for pre-and post-

treatment conditions to assess: (a) the pre-treatment wildfire hazard, and 

(b) the effectiveness of fuels treatments in reducing the hazard. The 

CrownMass processor also calculated canopy characteristics including 

critical base height (CBH) and canopy bulk density (CBD) from the 

permanent fixed-radius plot tree data (Appendix A). The Fuel Model Manager 

(Carlton 2005) was used to create custom fire behavior fuel models, based 

on live and dead fuel loadings calculated in FFI (Lutes et. al, In press) 

and then compared to the standardized 40 models (Scott & Burgan 

2005)(Appendix A).  

 

FlamMap Ver3 – Spatial Analysis & FARSITE Ver 4 – Growth Simulation 

Two spatial fire behavior analytical models, FlamMap Ver3 (Finney et al. 

2006) and FARSITE Ver4 (Finney 1998), were also used to assess the 

effectiveness of the fuel treatments (upland and unbuffered riparian 

areas).  Changes in fire spread, intensity, and fire type during late fire 

season were compared among treatments.  

These spatial models use a landscape file which is comprised of 8 combined 

raster grids to emulate the physical environment (i.e. topographic, 
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surface fuels, and canopy characteristics) of the sites being analyzed. 

These inputs along with weather and fuel moisture conditions (Appendix A) 

were then used to display spatially how fires might react and travel 

across the landscape.   

The FlamMap analysis is a general outlook of the type of fire the sites 

would support pixel by pixel across the landscape, given constant weather 

and wind.  The FARSITE simulation, models fire behavior so that the fire 

behavior of one pixel in the landscape affects the fire behavior of the 

pixels around it, while incorporating an actual weather stream which 

includes diurnal variation.  

In the three models utilized to assess the propensity of fire activity 

during the height of the fire season, we applied the same fuel moisture 

conditions, indicative of overall climatic conditions, but used varied 

wind speeds and directions (Appendix A). The non-spatial format of FMA+ 

facilitated the analysis of several wind speeds, which demonstrated the 

effects of gusting and high winds on fire behavior. The FlamMap analysis 

illustrates the general fire type expected under the calmest or low end of 

the wind scale as observed in weather data over a 9 year period of record 

(Appendix A). In the FARSITE growth simulation, an actual case of a known 

wind pattern was used to display a real time reaction of the site to a 

spreading (modeled) fire under witnessed conditions.  
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RESULTS 

First Order Fire Effects & Burn Severity 

Observed Fire Behavior & Scorch Height 

Weather and fire behavior observations were recorded on the burn day of 

each treatment by multiple prescribed burn personnel (Table 4). Burning 

occurred under a relatively similar range of weather conditions within 

each treatment.    

Observed flame lengths averaged 1-2.5 feet.  Where isolated large downed 

log and fuel concentrations existed flame length ranged from 2-12 feet.  

Observed rates of spread averaged 1-3 chains per hour (approximately 1-3 

ft min
-1
), though these were variable and confined to individual strip 

widths.  In general fire behavior varied in both the riparian and upland 

areas depending on micro-site characteristics and fuel loading.  

 

Table 4. Average maximum observed temperature, minimum relative humidity, 

and wind speeds for study basins during prescribed burn days in April and 

May 2008.  Burn day BI and ERC values averaged from two nearby RAWS 

stations (Onion Mountain and Provolt).  

 
Prescribed Firing Conditions 

BASIN Treatment Date 

Temperature 

(F°) 

Relative 

Humidity (%) 

Wind Speed 

(mph) 1ERC 2BI 

BVR1 Buffered 17 April 2008 75 33 2 25 30 

BVR2 Unbuffered 7 April 2008 50 35.5 1.7 15 15 

FTS1 Buffered 17 April 2008 68 50 5 25 30 

FTS2 Unbuffered     5   May 2008 74 32 4 26 26 

STR1 Unbuffered 12-13 April 2008 75 22 2.5 25 40 

STR2 Buffered 12-13 April 2008 70 26 2 24 34 

UST1 Unbuffered 3-7 May 2008 56 67 1.5 26 30 

UST2 Buffered 5-7 May 2008 74 32 3 26 32 
1 The Energy Release Component (ERC) represents a measure of the energy (btu) released per 

unit area, which is based on total fuel loading and its moisture content, during flaming 

combustion.  2The Burning Index (BI) reflects Bryam's equation for flame length which 

accounts for the rate of spread and the flaming front residence time scaled to a factor 

of 10ft (NFDRS Bradshaw et. al 1984). 
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Two percent of the trees in buffered riparian areas were charred at a 

average maximum height of 1.5 feet (Table 5). Unbuffered and upland trees 

had nearly identical ranges in char heights (Table 5).  However, the 

average maximum char height for trees in unbuffered plots was nearly twice 

that for upland trees, indicating instances of higher flame lengths and 

fire intensities in unbuffered areas. There was very minimal over-story 

crown scorch. In only 3% of unbuffered trees and 6% of upland trees, there 

was an average percent canopy scorch of 11 and 16%, respectively (Table 

5). Buffered riparian over-story trees had no crown scorch.  

Table 5. Percentage of charred and canopy scorched trees greater than 7” 

DBH (18 cm). Corresponding observed average maximum char heights (ft), 

range in maximum char heights and average percent of canopy scorch for 

charred trees in all treatment types.  

Treatment 

% Trees 

Charred 

Avg. Max Char 

Height (ft) 

Range in max. 

char height (ft) 

% Trees 

Scorched 

Avg. Canopy 

Scorch (%) 

Buffered 

(n=8) 2 1.5 1.5 0 n/a 

Unbuffered 

(n=5) 46 9.3 0.5 – 22 3 11 

Upland (n=6) 66 5.5 0.3 -20 6 16 

 

Burn Severity: Composite Burn Index  

Composite Burn Indices were placed into severity categories (Table 3) and 

the distribution percentage among categories calculated for all treatments 

and strata (Table 6). The majority of areas that supported fire, burned 

with low-moderate intensity. Overall, 83% of the buffered treatments 

showed no evidence of fire, although several outlying values ranged from 

low to moderate severity. Relative to buffered and upland areas, 

unbuffered plots showed the widest distribution in burn severity. The 

largest portion (67%) of upland areas burned with moderate severity. 

Although 17% of upland areas burned with high severity, highly severe fire 

effects were minimally represented in riparian treatment groups. In 

buffered riparian plots high severity accounted for 3% of the understory 

effects, while in unbuffered plots high severity accounted for 4% of the 

understory and 2% of the Composite Burn Index (Table 6).  
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Buffered treatments had significantly lower average understory, over-story 

and CBI severity indices than unbuffered treatments (p<0.05) (Table 6).  

Unbuffered treatments displayed significantly lower severity in the 

understory and CBI strata than in the upland treatments. The upland and 

unbuffered treatments did not significantly differ in over-story severity 

values.  

 

The majority of buffered riparian basins did not burn. One buffered basin 

(STR2) did exhibit understory and Composite Burn Index values which 

spanned the low-high severity range, yet the over-story burn severity for 

this basin remained very low (Fig. 4). 

All unbuffered basins exhibited some evidence of fire severity. For two 

unbuffered basins (UST2 & BVR1) the median severity indices among all 

forest strata were low-severity, as well as the over-story strata and CBI 

for STR1. While the understory STR1 strata median burn index was moderate-

severity. BVR1 experienced only instances of low severity, while UST2 and 

STR1 exhibited areas of moderate-high severity within the understory. 

While the CBI and over-story strata remained low in UST2, these indices 

reached into the moderate-high severity range (Fig 4) in STR1. One 

unbuffered basin (FTS2) does not appear in this analysis because the 

riparian area was not underburned due to extenuating circumstances. 
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Table 6. Percentages of burn severity categories (No Effect to High severity) among samples within 

treatment types by strata (i.e. understory, oversoty, CBI).  P indicates Bonferroni (α=0.025) 

adjusted two-tailed z-test for two sample mean severity values. 

 

 

 

 

 

 

 

Understory 

(substrate & vegetation <16 ft or 5m) 

  

Over-story 

(canopy trees > 16ft or 5m) 

  

Composite Burn Index (CBI) 

(all strata) 

 

Buffered 

(n=64) 

Unbuffered 

(n=40) 

Upland 

(n=6)  

Buffered 

(n=64) 

Unbuffered 

(n=40) 

Upland 

(n=6)  

Buffered 

(n=64) 

Unbuffered 

(n=40) 

Upland 

(n=6) 

Severity  Percent of Plots  Percent of Plots  Percent of Plots 

Unburned 83 40 0 

 

89 61 17 

 

83 49 17 

Low 9 34 17 

 

11 32 83 

 

15 36 0 

Moderate 6 21 67 

 

0 6 0 

 

2 13 83 

High 2 4 17 

 

0 0 0 

 

0 2 0 

 

Median 

Severity  0.00 0.19 2.04 

 

0.00 0.05 0.45 

 

0.00 0.15 1.38 

p value  < 0.005 < 0.005  < 0.005     0.60  

 

<0.005 <0.005  

z score   -2.78  3.21  -2.76     0.58  

 

2.84 -2.95  
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Figure 4. Quartile burn severity distribution for Understory (substrate 

and vegetation <16 ft (5m)), Over-story (canopy vegetation >16ft (5m)) and 

Composite Burn Index (CBI) categories for study basins within riparian 

treatment groups.  The box (interquartile) represents 50% of the data, 

with the top of the box representing the 75th percentile and the bottom 

the 25th percentile. The dot inside the box represents the sample median. 

The whiskers on either end of the box represent values within the 10
th
 – 

90
th
 percentile range. Circles indicate moderate outliers and asterisks 

indicate extreme outliers.  

 

Treatment Effectiveness 

Forest Fuel Profile 

Tree Density 

There was little change in over-story tree densities (table 7), and no 

change of significance between treatment groups (Fig. 5). There was a 

slight average increase (9%) in over-story tree densities in unbuffered 

riparian areas (Fig. 5). This largely resulted from trees that had grown 

into the over-story size class since the pre treatment data collection.  
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Mean sapling densities decreased after treatments among all groups (Table 

7, Fig. 6). While buffered basins had an average decrease of 8% in sapling 

densities after treatments, both unbuffered riparian and upland sapling 

densities declined by 62-65%.  This decrease among sapling densities was 

significantly greater than the decrease in buffered riparian areas (Fig. 

6). Despite the small sample size the significant reduction in sapling 

tree densities coincides with results from a concurrent companion study 

(DeJuilio 2009).  

Table 7. Mean tree densities (trees/acre) before and after fuel treatments 

by sapling and over-story size classes 

  

Over-story 

(trees/acre) 

Sapling 

(trees/acre) 

Treatment Before After Before After 

Buffered 110.00 111.30 268.80 212.50 

Unbuffered 91.30 100.00 251.30 81.30 

Upland 190.00 184.30 367.10 121.40 

 

 

Figure 5. Average percent change in over-story tree (>7 in DBH) 

density for before and after treatments within buffered, unbuffered 

and upland areas. Buffered (n=8), Unbuffered (n=8), Upland (n=8). 

Error bars indicate 95% confidence. 
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Figure 6. Average percent change in sapling (<7 in DBH) tree density 

for before and after treatments within treatment areas. Buffered 

(n=8), Unbuffered (n=8), Upland (n=8). Error bars indicate 95% 

confidence. 

 

 

Fuel Loading  

The total fuel loading in buffered areas increased an average of 20%, 

while unbuffered and upland areas experienced average total fuel load 

reductions of 40-60% (Fig. 7). This satisfied the overall prescription 

goal to reduce dead and down woody fuels in treated areas. Confidence in 

the average percent change for buffered riparian areas is uncertain, and 

is likely a product of both the variable nature of riparian forest fuels 

and a small sample size. In fact, the pre-treatment fuel load data 

indicated greater variability in riparian area fuel loading than compared 

with upland areas.  The anomalous higher burn severity of the STR2 basin 

was responsible for driving the change in buffered treatment fuels into 

the negative range, and reducing confidence in average change in fuel 

loading.  

Despite the high variability and wide confidence interval for buffered 

areas, the total change in unbuffered fuel loading was significantly 

-100

-80

-60

-40

-20

0

20

Buffered Unbuffered Upland

A
v
e
ra

g
e
 P

e
rc

e
n
t 

C
h
a
n
g
e
 (

%
)

Sapling Tree Density



24 
 

   

greater. Additionally, the change in unbuffered fuel loading did not 

differ significantly from the change in the uplands (Fig.7).  

 

  
 

Figure 7. Average percent change in total fuel load loading for all 

treatments. Buffered (n=6), Unbuffered (n=6), Upland (n=7).  Error bars 
indicate 80% CI. 

 

The changes in forest litter and duff depths were very similar to total 

fuel loading. Both unbuffered and uplands had an average decrease (59%, 

65%), which was significantly greater (α=0.2) than the average increase 

(20%) in buffered areas (Fig.8). Additionally, an average of at least 

thirty percent of the litter and duff depth was maintained and minimized 

bare mineral soil exposure as outlined in the prescription objectives.  
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Figure 8. Average percent change in forest litter and duff depth in all 

treatments. Buffered (n=6), Unbuffered (n=6), Upland (n=6).  Error bars 
indicate 80% CI. Litter—includes freshly fallen leaves, needles, bark, 

flakes, fruits (e.g., acorns, cones), cone scales, dead matted grass, and 

a variety of miscellaneous vegetative parts. Duff—the fermentation and 

humus layers.  

 

 

Although upland treatment fuels less than one inch diameter were reduced 

by an average of (39%), this was not significantly different from either 

buffered or unbuffered areas and fell shy of the burn prescription 

objective for a 60% reduction in dead and down surface fuels of this size 

(Fig. 9). Both the 1hr and 100hr time-lag fuel size classes were reduced 

by 60% or more in upland areas.  

The post treatment data collection did not occur immediately following the 

prescribed burning, and new small fuels may have accumulated in the 

interim. For example, one unbuffered plot that burned with high severity 

incurred an excess accumulation of small fuels. Additionally, as stated 

earlier, the buffered basin STR2, which did carry a backing fire, was 

responsible for negating any statistically significant difference between 

the buffered riparian areas and the uplands. Exclusion of these outlying 

plots resulted in statistically significant differences between changes in 

small diameter fuel loading in buffered riparian areas versus that in 

unbuffered and upland areas (Fig. 10).  
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Figure 9. Average percent change in small (<1 in) fuel loading (for forest 

litter and duff depth for paired riparian basins and treatments. Buffered 

(n=6), Unbuffered (n=5), Upland (n=6).  Error bars indicate 80% CI. 
 

 

 

 

 
Figure 10. Average percent change in small (<1 in) fuel loading (for 

forest litter and duff depth for paired riparian basins and treatments. 

Buffered (n=4), Unbuffered (n=4), Upland (n=6).  Error bars indicate 80% 
CI. Outlying plots in buffered and unbuffered basins excluded. 

 

 

 

The same general pattern of change held true for larger fuels post 

treatment. Upland areas had an average reduction of 53% in the larger fuel 
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loading, while the reduction was less in unbuffered treatments (-36%), 

both of which meet the project goals for fuel reduction (Fig. 11). While 

buffered treatments had an average increase (35%) in large fuels, 

confidence in this average is uncertain, as there was wide variability in 

the fuel loading. Again there was no statistically significant difference 

between treatments (α=0.2).  

 

 

 

 
 

Figure 11. Average percent change in large (>1 inch) fuel loading for all 

treatments. Buffered (n=6), Unbuffered (n=5), Upland (n=6). Error bars 
indicate CI 80% 

 

 

Predictive Fire Behavior Modeling 

FMA+ - Fire Behavior Calculator 

Before treatments all areas exhibited similar fuel models and similar 

variability among critical canopy base heights, although the plot data 

showed these were considerably more variable within riparian areas. Canopy 

fuel loading and bulk densities were similar within riparian areas, but 

overall tended to be lower than when compared within uplands (Apendix A).   
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In pre-treatment conditions, passive crown fire initiated within all 

treatment groups at 20 foot wind speeds between 7-11 mph (Table 8). These 

wind speeds were prevelant for 24% of the days between 16July and 

23October during the nine year period of record (Table 8). Analysis of the 

wind file showed that there were no days on record in the wind categories 

below 5 mph, and 24% of days were too wet to burn or had ERC values below 

the 50
th
 percentile (<52) (Appendix A).  

Within buffered riparian areas the post-treatment predicted fire type 

remained passive crown fire.  Treatments in upland and unbuffered riparian 

areas altered fuel models and raised critical canopy base heights. This 

resulted in diminished predicted post-treatment fire behavior and type for 

all wind speed categories under 90
th
 percentile fire weather conditions 

(Apendix A, Table 8).  

Table 8. Predicted fire type for various wind speeds at 90th percentile 

ERC values during the critical burning window, utilizing plot data in 

FMA+. Predicted fire types are “s” and “p” for surface and passive fire, 

respectively.  

20 ft Wind 

speed (mph) 

1-

2.9 

3-

4.9 

5-

6.9 

7-

8.9 

9-

10.9 

11-

12.9 

13-

14.9 

15-

16.9 

17-

18.9 

19-

20.9 21+ 

Occurrence(%):1 0 0 7 9 15 23 12 3 1 1 3 

Predicted Fire Type 

Upland  

(n=6)            

Pre-treatment  n/a n/a p p p p p p p p p 

Post-treatment  n/a n/a s s s s s s s s s 

Unbuffered 

(n=7)            

Pre-treatment  n/a n/a s s p p p p p p p 

Post-treatment  n/a n/a s S s s s s s s s 

Buffered  

(n=7)            

Pre-treatment  n/a n/a s p p p p p p p p 

Post-treatment  n/a n/a p p p p p p p p p 

1Percent of days with wind speeds in each 2 mi hr-1 category. Wind speeds were derived from 

the mean value between 10 minute average and maximum hourly gust for the last 100 days of 

the burning window for the period of record (7/16/-10/23 2000-2008)(Appendix A).  
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FlamMap – Spatial Analysis 

Generally the FlamMap analysis showed a reduced level of crown fire 

activity between pre and post treatments within all paired basins (Table 9 

& Fig. 12).  FlamMap results for all basins were similar in fire behavior 

characteristic (Flame Length and Fire Type), in that the fuel treatments 

(upland and unbuffered) significantly decreased the acreage involved in 

extreme fire behavior, while buffered riparian treatments retained areas 

of passive crown fire (Table 9 and analysis file JFSP Riparian 

Treatments).  

Even with light wind speeds, active crowning existed in some portions of 

the FlamMap modeled landscape (Table 9), due to greater variability in 

crown characteristics (canopy bulk density and critical base height) in 

these portions of the landscape than the average for plot data used in 

FMA+. Alternatively, this variability can easily produce areas where 

active crowning does not occur, as FMA+ plot data analysis (Table 8). 

Table 9. Pre and post-treatment FlamMap results of fire type for total 

treatment acres in combined paired basins (upland, buffered and 

unbuffered).  

 

Combined Paired Basins 

Surface 

Fire 

(acres) 

Passive 

Crowning 

(acres) 

Active 

Crowning 

(acres) 

FTS 1 & 2       

Pre Condition 230 350 12 

Post Treatment 549 43 0.1 

UST 1 & 2       

Pre Condition 136 423 28 

Post Treatment 548 38 1 

STR 1 & 2       

Pre Condition 108 105 0 

Post Treatment 194 19 0 

BVR 1 & 2       

Pre Condition 47 81 0 

Post Treatment 124 4 0 
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Before Treatments       After Treatments  

 

Figure 12. An example of FlamMapVer3 (Finney et al. 2006) predicted fire type 

spatial output for the Upper Star Basins. In the example FlamMap analysis, 

note that passive crown fire still existed in the buffered basin riparian 

area in the post-treatment landscape, although though most other areas 

have been reduced to surface fire. 

 

FARSITE – Growth Simulation 

The effectiveness of fuel treatments was also investigated with FARSITE 

simulations of fire spread across the landscape. In the FARSITE 

simulations, three short lines were ignited in the post treatment 

landscape along the ridge overlooking the basins to the NW. This was 

intended to emulate a fire front moving from northwest to southeast. The 

following sequence of photos depicts the modeled simulation of fire spread 

over the course of five days with no suppression activities (Figures 13-

17) in the UST basins. Fire perimeters are represented by different colors 

for each day of growth.  

In this example simulation, the uplands areas provided protection to the 

buffered and unbuffered riparian areas from direct fire spread. The 

simulation clearly shows the fire spreading around the treated areas of 

the uplands until it can find access into the buffered and unbuffered 

areas (Fig. 14 - 16). On the 30
th
 the fire enters the upper (NE) corner of 

the buffered riparian (Fig. 15) and continues down it on the 31
st
 and it is 

fully involved on the 1
st 

(Fig. 17). The unbuffered riparian is entered 

UST 1&2  
Fire Type                  
Surface                                             
Passive                                  
Active                           

Buffered 

Unbuffered 

Buffered 

Unbuffered 



31 
 

   

from the upper reaches on the 30
th
 and the lower or draw bottom on the 31

st
 

(Figs. 15 & 16). The fire fronts came close to meeting in the unbuffered 

riparian area on the 1
st 

(Fig. 17). Throughout this five day simulation a 

large portion of the larger (unbuffered) basin never does burn (upland) 

due to the treatment. The narrower buffered basin retains a smaller area 

in its upland unburned due to slow fire growth because of treatment. 

 
Figure 13. FARSITE V4 (Finney 1998) fire simulation of ignition in Upper 

Star paired basins in Google Earth (2007). The fire reached the North West 

corner of both basins. 

 

UST 7-28 fire sim1 - GREEN 

  Ignition 

Line 

  Ignition 

Line 

  Ignition 

Line 
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Figure 14. Day two FARSITE V4 (Finney 1998) fire simulation in Upper Star 

paired basins in Google Earth (2007). The fuel treatments slowed the fire 

progression and caused the fire to spread between and around them. 
 

 

 
Figure 15. Day three FARSITE V4 (Finney 1998) fire simulation in Upper 

Star paired basins, in Google Earth (2007). The fire continued to move 

slowly into the treatments and had entered the headwaters of both basins. 

Upper Star 7-29 fire sim 1 
Fire spreads around and 

between Basins. Little to no 

spread through treatments 

Upper Star Fire Sim 1 
Fire spread around 
and between 
treatments. Very 
little Spread through 
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Upper Star 7-29 fire sim 1 
Fire spreads around and 

between Basins. Little to no 

spread through treatments 

Upper Star Fire Sim 1 
Fire spread around 
and between 
treatments. Very 
little Spread through 
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Upland and un-buffered 

treatment 

 UST 7-29-sim1 - BLUE 
 

Upland and buffered 

treatment 

UST 7-30 sim1 - YELLOW 
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 Buffered 
 

Headwaters 
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Figure 16 Day four FARSITE V4 (Finney 1998) fire simulation in Upper Star 

paired basins, in Google Earth (2007). The fire was still moving slowly 

through upland areas and had entered bottoms of buffered and un-buffered 

 

 

 
Figure 17. Day five FARSITE V4 (Finney 1998) fire simulation in Upper Star 

paired basins, in Google Earth (2007). The fire in the unbuffered bottom 

almost reached the headwaters. The fire burned through the buffered 

riparian area. The upland areas still had large unburned portions. 
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DISCUSSION 

Fire Effects Discussion 

What changes to the forest fuel profile will occur, including the observed 

first order fire effects, from fuel treatments associated in upland and 

riparian small riparian areas? 

The permanent fixed radius plots did not overlap the more numerous CBI 

plots and therefore did not capture the same sample size and range of 

variability in tree bole scorch and fuel load consumption as indicated in 

the observed fire severity CBI assessments. This small sample size also 

limits the accuracy of the post fuel treatment and fire effects 

assessment, particularly in the riparian areas, which had more variable 

fuel loading, crown base heights and burn severity indices than the 

associated uplands. The small sample size was less limiting in upland 

areas where burn severity indices and fuel loads were more homogenous than 

within riparian areas. Despite the sample size, the changes to fuel 

loading and small tree densities agree with results from the more numerous 

CBI assessments and companion study plots (DeJuilio 2009).  

Our quantification of fire effects associated with springtime prescribed 

fire treatments in small stream riparian areas and their adjacentuplands 

through CBI methods, fuel reduction and tree bole scorch showed that 

generally upland areas burned with greater severity than in the riparian 

areas, typical of patterns found in wildfire situations (Fisk et al. 2004, 

Halofsky and Hibbs 2005). Riparian areas exhibited more heterogeneity in 

observed fire effects (severity, tree bole scorch height) and the forest 

fuel profile composition than within upland areas. This may reflect 

qualities attributed to the riparian microclimate, such as areas of higher 

relative humidity and biomass production. Unbuffered (treated) basins 

largely burned with higher severity and at greater intensities than 

buffered basins which generally did not support a backing fire. The 

microclimate and higher relative humidity associated with buffered 
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riparian areas likely extinguished the backing fire in most cases. Three 

basins (STR1 UST2 & STR2) did display similar ranges of burn severity 

within the riparian areas, despite the fact that one was a buffered basin.   

Treatment alterations to the microclimate through understory thinning in 

combination with direct ignition likely explain the observed differences 

between unbuffered and buffered riparian burn severity. Though, when the 

burn severity is examined among individual basins, the strength of 

treatment (buffered vs. unbuffered) in predicting the instances of 

observable fire effects is weakened. One of the buffered basins was among 

those with the most instances of observable fire effects.  

Extensive efforts were made to select paired watersheds of similar 

topographical and vegetative features, and conduct prescribed burning 

under similar conditions, though unavoidable differences did exist and 

likely explain a portion of the discrepancy in these observed fire 

effects. This inconsistency may also be a product of the ambient weather 

conditions acting individually or in tandem with varied seasonal and 

climatic influences, not limited to evapotranspiration, exposure, 

slope/watershed position, soil type, drying, etc., for instance the 

Burning Indices (BI) were the highest on the days that basins with the 

most evidence of fire effects were burned (Table 4).  

This suggests that burning under the high end of the environmental 

prescription window might allow riparian buffers to support low-moderate 

intensity backing fire. Although the topographic and vegetative 

characteristics within buffered riparian areas might present increased 

fire activity and firing operation complications under the high end of the 

prescription window. 
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Fuels Treatment Effectiveness Discussion 

Do riparian buffers lessen the effectiveness of landscape level fuels 

treatments providing areas where extreme fire behavior may occur relative 

to unbuffering riparian corridors? 

A premise of this study was to examine differences and similarities in 

results of various fire modeling approaches available for use. 

Corroboration among different modeling approaches lends to enhanced 

confidence in decision making. The results from the fire modeling efforts 

in this study all consistently demonstrated a reduction in fire behavior 

characteristics from pre to post treatment within upland and unbuffered 

riparian areas. We used plot data directly in some of the fire behavior 

models and for the development and validation of other model inputs 

(Appendix A). Generally there was good agreement in plot data and LANDFIRE 

products, though the same caution regarding small sample size and 

heterogeneity in the fire effects discussion applies here, particularly 

when scaled up to the landscape level. Consistency in the fire behavior 

modeling results did occur despite these varied inputs and analysis 

methods between the models.  

Predicted fire type primarily changed through alterations to two aspects 

of the fuel bed: canopy base heights rose from understory thinning and the 

surface fire behavior fuel model changed from timber with heavy understory 

and dead fuels, to timber-litter after prescribed burning. These changes 

to fuel models and crown characteristics did not occur in buffered 

riparian areas and therefore, did not alter the predicted fire behavior. 

The resulting fire behavior in the simulated unbuffered and upland post 

treatment conditions did not provide enough surface fire intensity to 

initiate passive crown fire. Until the fuel loading rebuilds and 

vegetation re-establishes on treated sites these fuel complexes will 

model, and likely burn, with much less fire activity. 
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In the buffered areas there was not enough of a shift in the fuel profile 

to diminish the relationship between surface fire intensity and CBH, thus 

passive crowning was still evident in both FMA+ and FlamMap post-treatment 

modeling.  

 

Although sapling tree densities were significantly reduced (Fig.6), 

changes in canopy bulk densities and canopy fuel loading calculated in 

FMA+ did not necessarily reflect this trend after treatments. We attribute 

this to the small contribution of sapling trees to the average pre-

treatment crown charateristics, particularly canopy bulk density (Snell 

and Brown 1980).  And although canopy base heights were sometimes high in 

the pre-treatment condition and were not raised that much for the post 

treatment condition, the 90
th
 percentile fire behavior was considerably 

altered between pre and post-treatment.   

The FARSITE fire simulations showed that fuel treatments in the upland 

areas provided protection for riparian areas from fire advance. Though, 

once modeled fire entered these riparian areas it burned more slowly and 

with diminished fire behavior in the riparian areas that had been treated 

(unbuffered) versus those that remained untreated (buffered).  
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SUMMARY 

Riparian and upland areas reach optimal environmental prescription windows 

at different times (seasonally). This results in a narrow prescription 

window (dry) when fuels can be reduced in uplands and buffered riparian 

areas without direct treatments (thinning and ignition). Conducting 

prescribed fire operations only under the high end of the prescription 

window poses higher political, resource, and operational risks and also 

limits implementation opportunities. The direct treatment of small 

riparian areas appeared to be an effective solution for reducing riparian 

and adjacent upland surface fuels, even when applied during moist 

prescription windows.  

 

Treating fuels in these headwater streams through non-commercial thinning, 

handpile burning and uderburning had an overall significant effect in 

reducing dead fuel loads, effectively re-introduced low severity fires, 

reduced small tree densities, altered fuel models, and diminished 

predicted fire behavior within upland and unbuffered riparian areas. These 

alterations to the forest fuel profile did not occur in buffered riparian 

areas and the predicted fire type was unchanged.  

While treating fuels in the uplands may provide protection to riparian 

areas from wildfire advance, the predicted fire type for untreated 

riparian corridors suggests a potential for severe fire effects to 

riparian function. The diminished predicted fire behavior and intensity 

associated with post treatment uplands and unbuffered riparian areas would 

potentially reduce negative impacts from a wildfire on riparian function.   

Additionally, the predicted post treatment fire behavior in unbuffered 

(treated) riparian areas suggests reduced operational complexity for 

future wildland fire suppression and prescribed fire activities, relative 

to areas where riparian buffers remain untreated. Further, we expect that 

a wildland fire in an unbuffered treatment area would be less likely to 

“wick” into uplands or create other enhanced fire behavior.  
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The continued experimental implementation of riparian fuel treatments may 

be warranted, with sufficient attention to maintenance of landscape level 

heterogeneity, habitat structure, and site specific prescription 

considerations. When considering these management implications, it is 

important to recognize that this was a very short-term study and continued 

implementation of riparian fuel treatments should only occur in a 

replicated fashion, within an adaptive management framework that includes 

continued monitoring at these study sites as well as additional monitoring 

in association with new treatment implementation.  
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Appendix A. FIRE BEHAVIOR INPUTS 

Fuel Models 

Using the fuel loadings calculated with FFI (Lutes, et al, In press) from 

plot data, we generated custom fire behavior fuel models with Fuels 

Management Analyst Plus (FMA+) Fuel Model Manager (Carlton 2005) for each 

treatment group. Fire behavior fuel models can be used alone and as data 

in fire behavior analysis software to help predict fire behavior based on 

the arrangement and continuity of live and dead surface vegetation. We 

compared our custom fuel models with the forty standardized fire behavior 

fuel models (Scott and Burgan 2005) to find the closest fit.   

Due to the high variability and small sample size, median dead woody fuel 

loadings (tons acre
-1
) were used as a representation of the typical fuel 

profile (Table A.1). The average tons acre
-1 
of live biomass, which was 

more uniformly represented, was also incorporated into the custom model 

development.  

All pre-treatment fuel loadings closely reflected both the Rate of Spread 

(ROS) associated with the Timber-Grass-Shrub moderate load, humid climate 

(TU3) model, and the flame lengths associated with the Timber-Shrub very 

high load, dry climate (TU5) model.  

The post-treatment fuel model did not change within buffered riparian 

areas. The post-treatment median fuel loadings for unbuffered riparian 

areas closely resembled the fire behavior associated with the Timber-Shrub 

moderate load, humid climate model (TU2). Post treatment upland fuel 

loading resembled both the Moderate Load Conifer Litter model (TL3) and 

the High Load Conifer Litter model (TL5) (Scott and Burgan 2005).  

All pre and post treatment FMA+ analysis was conducted with the custom 

fuel models. Fuels layers and surface fuel models used for the FlamMap and 

FARSITE landscape files were based on the closest fit of the custom models 

to the Scott and Burgan 40 fuel models within the treatment areas (Table 

2.2) or a rule set (Ganuck et al. 2008) developed to describe fuel 
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treatments for areas not underburned. Surface fuel models outside of the 

study basins were determined by Rapid Refresh LANDFIRE data (2008), or 

with the same rule set (Ganuck et al. 2008) for those fuel treatments not 

represented in the LANDFIRE data (Table A.2).  

Table A.1.  Median dead and down fuel loading (tons/acre) for before and 

after treatments. Values were used to build custom fire behavior fuel 

models in Fuel Model Manager (Carleton 2005). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1
Litter— includes freshly fallen leaves, needles, bark, flakes, fruits (e.g., acorns, cones), cone 

scales, dead matted grass, and a variety of miscellaneous vegetative parts. 
2
Duff— the fermentation 

and humus layers. 
3
1HR dead fuels (0-0.25 in) 

4
10HR – dead fuels (0.25-1 in). 

5
100HR – dead fuels 

(1-3 in). 
6
1000HR(s) - Sound larger diameter dead fuels (>3 in). 

7
1000HR(r) - Larger diameter (>3 

in) dead fuels which can be kicked apart. (Brown et. al 1982, USDI-NPS 2003). 

 Pre Treatment Post Treatment 

BUFFERED (n=8)     

1Litt 3.5 4.4 

2Duff 6.7 8.6 

31HR 0.6 0.7 

410HR 1.9 1.7 

5100HR 3 1.8 

61000HR+ (s) (>3 in) 0.3 0.8 

71000HR+ (r) (>3 in) 9.7 6.9 

        Litter & duff depth (in) 1.7 1.7 

TOTAL 30.3 27.4 

UNBUFFERED (n=5)     

1Litt 4.4 1.6 

2Duff 13.7 5 

31HR 0.9 0.8 

410HR 1.5 1.3 

5100HR 3.1 1 

61000HR+ (s) (>3 in) 5.4 1.6 

71000HR+ (r) (>3 in) 3.8 2.1 

Litter & duff depth (in) 2.1 0.6 

TOTAL 26.8 13.5 

UPLAND (n=6)     

1Litt 4.1 0.6 

2Duff 7.2 1.6 

31HR 1 0.2 

410HR 1.9 1.3 

5100HR 3.7 1.5 

61000HR+ (s) (>3 in) 3.2 0.6 

71000HR+ (r) (>3 in) 3.8 0 

Litter & duff depth (in) 1.6 0.5 

TOTAL 27.1 11.2 
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Table A.2. Surface fuel models used in FlamMapVer3 (Finney et al. 2006) 

and FARSITE V4 analysis based on LANDFIRE (2008) and custom fuel model 

analysis. 

Attribute 

Pre Treatment  Post Treatment 

Buffered, Unbuffered,  

and  Upland Buffered Unbuffered Upland 

Surface 

model TU5,TL7,TL8, GS2, & GR2  TU5 

 

TU2 TL3, TL8 

Source LANDFIRE & Custom model 

Custom 

model 

Custom 

model 

Custom 

model 

 

Critical Canopy Base Height 

Permanent plot tree data was used in FMA+ to calculate critical base 

heights (CBH), that height where there is sufficient crown loading (0.011 

kg/m
3
) in needle and 1hr fuels for a certain level of surface fire 

intensity to transition into the tree crowns (Carlton 2005, Sando and Wick 

1972,  Reinhardt and Crookston 2003). The base height of the canopy fuel 

is key to determining the transition ratio between surface fire to 

torching or passive crown fire. Foliar moisture content also acts as a 

variable in this transition and the bulk density helps differentiate 

between passive and active crown fire (VanWagner 1977).  

 

One of the necessary data inputs for the FMA+ critical canopy base height 

calculation is crown ratio, which can be assessed in two different ways: 

compacted and uncompacted. The typical field method, included in the 

FIREMON (Lutes et. al 2006) methodology, instructs the observer to 

visually rearrange the lower portions of the crown to obtain a filled out 

crown to bole ratio. This method for determining the live crown ratio 

results in a compacted crown ratio and effectively raises the height of 

the actual crown base (Monleon et. al  2004).  An uncompacted crown to 

bole ratio can be assessed by using the height to crown fuel base height 

(CFBH), an observed value for each tree in the plots, divided by the 

height of the tree (1-(CFBH/CH)).  
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The critical canopy base heights (CBH) calculated in FMA+ utilized 

compacted crown ratios from plot data. Using this metric as an indicator 

of crown mass more acurately calculates bulk density (CBD), while 

uncompacted crown ratios more closely represent the actual fuel base 

height of the canopy. Uncompacted CBH was also calculated with observed 

crown fuel base heights from plot data to provide a reference check for 

LANDFIRE data and FMA+ calculated CBH derived from the compacted crown 

ratios. 

The calculated compacted critical canopy base heights (CBH) varied greatly 

among pre-treatment plots, with standard deviations of 24 feet (Table A.3 

Fig. A.1). In particular, the compacted critical canopy base height 

calculated within three intermittent riparian basins, FTS2, UST2 & STR1 , 

exceeded 60 feet. These areas of high critical base heights generally 

occured in small patches, associated with pockets of open mature forest, 

uncharacteristic of the vegetative character targeted for fuel treatments 

in southwest Oregon and atypical of the majority of the study basins 

(Gnauck et.al 2008,LANDFIRE 2008). Not posing any imminent fuel hazard, 

the fuel treatments in these areas consisted of  the re-introduction of 

low-intensity surface fire.   

Consequently, the  three previously mentioned plots were considered 

outliers and excluded from the predicitve fire behavior analysis to assess 

the fuel treatment effectiveness among treatment groups. Upon removal of 

these outliers, pre-treatment average critical canopy base heights ranged 

from 13-22 ft, and critical canopy base height standard deviations were 

reduced to ten feet. Also, one other plot was excluded due to sampling 

error. Although excluded from the burn severity analysis, the remaining 

FTS2, handpile-burn only plot, was included in the analysis to assess the 

effects from the thinning portion of treatments.  

All FMA+ Crown Mass internally calculated canopy characteristics were used 

for the fire type analysis (Table A.3). In the FlamMap and FARSITE spatial 

analysis, canopy characteristics of CBH and CBD were taken from LANDFIRE 



49 
 

   

data and used for the entire pre treatment landscape. The LANDFIRE data 

was verified against uncompacted CBH from plot data and deemed 

representative. The post treatment landscape reflected the FMA+ calculated 

CBH from plot data inside the treatment areas and LANDFIRE CBH outside 

treatments.  These edits to canopy characteristics were applied to the 

landscape files both before and after treatments.  

 

HIGH CANOPY BASE HEIGHTS   LOW CANOPY BASE HEIGHTS 

Figure A.1 Example of riparian area crown base heights. 

 

Table A.3. Average canopy characteristics calculated with FMA+3: compacted 

canopy base height (CBH), crown bulk density (CBD) and canopy fuel 

loading, from before and after treatments. 

 

Avg.CBH 

(ft) min max 

Avg. CBD 

(kg/m3) Min max 

Avg. fuel 

loading 

(tons/acre) min max 

Upland (n=7)          

Pre-treatment  17 5 26 0.0801 0.0256 0.1570 4.75 1.08 6.14 

Post-treatment  19 14 23 0.0833 0.0304 0.1458 4.41 1.26 5.94 

Unbuffered 

(n=7)          

Pre-treatment  22 8 38 0.0384 0.021 0.0673 3.40 1.94 4.41 

Post-treatment  36 14 68 0.0465 0.024 0.0689 3.54 2.06 4.13 

Buffered (n=7)          

Pre-treatment  13 3 31 0.0481 0.0304 0.0625 3.07 1.05 5.25 

Post-treatment  11 6 31 0.0577 0.0368 0.0945 3.38 0.86 6.00 
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90
th
 Percentile Weather & Wind 

The weather used for the predictive fire behavior analyses represented 90
th
 

percentile fire weather conditions in mid-late summer and early fall. 

During this period, herbaceous species are often cured, live vegetation 

and foliar moistures are usually at their lowest content, and hot, dry and 

windy conditions often prevail. These climatic conditions combine to 

affect fire activity by increasing the likelihood of extreme fire 

behavior.   

Weather data from the Squaw Peak Remote Automated Weather Station (RAWS) 

for July 16 thru October 23 over a 9 year period (2000-2008) was used for 

predictive fire behavior modeling.  An hourly wind file was extracted from 

the Western Regional Climate Center (WRCC-DRI 2008) and a daily weather 

file was retrieved with Kansas City Fire Access Software (KCFast), a web-

based computer application that simplifies data retrieval from the 

National Interagency Fire Management Integrated Database (NIFMID) (2008).  

The NFDRS Energy Release Component (ERC) fire behavior values were 

calculated in Fire Family Plus Version 3.0.5.0 (May, 2004 Release) for the 

daily weather file and then used to generate a “Percentile Weather Report” 

for ERC values and dead fuel moistures for the period of record (1998-

2008). The corresponding 90
th
 percentile dead fuel moistures used in all 

fire behavior analyses (Table A.4)closely resembled those from anecdotal 

reference samples collected on two of the burn units. Fire Family Plus is 

a software program used for analyzing and summarizing historic climate 

data into various fire indices reports (May, 2004 Release).   

The daily weather records were then grouped by these ERC percentile 

categories and 16% of days fell below the 50
th
 percentile (ERC <52), and 

only able to support a surface fire, and 8% of the days were deemed too 

wet to burn. For the remaining days, the mean value between the maximum 

gust and ten minute average wind speed was calculated per each one hour 

period for the one hundred days over all nine years in the. Because ten 

minute average wind speeds tend to underestimate the impact of wind across 
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the landscape over an hour time period, maximum gusts were used in this 

analysis to help better define the pulsing and variable nature of wind and 

fire interactions. Moreover, the fire type of concern, crown fire, results 

from vertically projected fire within the fuel strata, which increasingly 

becomes more exposed to the free air winds.  

Table A.4. 90
th
 percentile fuel moisture values from Fire Family Plus 

Percentile Weather Report used in FMA+ predictive fire behavior analysis. 

 Fuel Moisture% 

1hr REF  4 

1HR  5 

10 Hr 6 

100HR  7 

Herb  50 

Woody 85 

Foliar 100 

 

For the FMA+ fire type analysis, these wind speeds were grouped into 2 mi 

hr 
-1
 20 ft wind speed categories and their percent of occurrence 

calculated (Table 2.5). Fire behavior was calculated for each 2 mi hr 
-1
 20 

ft wind speed category between 1 and 21mph with an applied wind speed 

reduction factor of 0.3, to indicate of partial fuel sheltering (Appendix 

A). Additional environmental inputs considered in the analysis included: 

temperature (90F), slope (30%), shading (50%), custom fuel models, 90
th
 

percentile fuel moistures, and crown characteristics (Appendix A).  

Pre and post treatment conditions for all basins were analyzed in FlamMap 

Ver3 (Finney et al. 2006) with the same weather variables used in FMA3+, 

although only one 20 foot upslope wind speed was used. This single wind 

speed (10mph 20ft) was slightly less than that found to occur in the 

majority of days during the period of record analyzed (Table 8). The 

resultant mid flame, or eye level winds, ranged from 1-3 mph across the 

study basins, nearly half that for the FMA+ analysis (0-6.3 mph). These 

conditions were intended to reflect a relatively calm day with typical 

diurnal afternoon winds and represent the general fire type expectations 

under the calmest or low end of the wind scale as observed in the RAWS 
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data. Higher wind speeds would, in the model, only increase the amount of 

crown fire type activity across the landscape. The uphill wind direction 

was used to re-enforce the combined physical and atmospheric effects on 

fire behavior for the sites.   

In all FARSITE fire simulations, the same landscape file developed for 

post conditions in FlamMap was used along with the same fuel moisture 

values from the 90
th
 percentile weather. The 5 day weather and wind 

forecast that was used came from the morning of July 28
th
 through the 

evening of August 1
st
 in 2008 (Table 2.3). The weather and wind files were 

developed by a meteorologist on the Siskiyou Fire just south of the Upper 

Star Basin in Northern CA. Neither the weather or wind file showed any 

extremes, and are quite moderate for fire season conditions, as was the 

Siskiyou fire spread during this time period.  

Table 2.3. Weather parameters from the Siskiyou fire in Northern, CA for 

July 28-August 01, 2008. These values were used in FARSITE (Finney 1998) 

analysis.  

Max 

temp 

Min 

temp 

Max 

%Rh 

Min 

%Rh 

Max  

20‟ WS 

Min  

20‟ WS 

Wind 

Dir. Burn Period 

83-84 53-57 58-54 19-21 7-10mph 3-5mph 280
0
-30

0 
1500-1900 

 

 


