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Introduction 

Prior to Euro-American settlement, Northern Arizona ponderosa pine (Pinus ponderosa) forests had 

frequent, low intensity fires. These fires burned litter and small trees to maintain an open forest 

structure. Northern Arizona’s early settlers saw these fires as a threat and began to suppress them. The 

combination of fire suppression, overgrazing and logging has resulted in the current, overly-dense forest 

structure. Not only does the current forest structure promote stand-replacing, high intensity wildfires, 

but also it displays characteristics of an unhealthy forest, which is more susceptible to insect and disease 

outbreaks (Mast et al. 1999). 

 

 The Greater Flagstaff Forests Partnership (GFFP) was established to promote community protection and 

forest ecosystem restoration of ponderosa pine forests that surround the city of Flagstaff. Formed in 

1996, the GFFP’s mission was to assist in planning, implementing and monitoring forest restoration 

treatments across 180,000 acres of private, city, county and federal lands. The purpose of this report is 

to utilize pretreatment data to quantify current forest conditions and model pre- and post-predicted fire 

behavior for the Mountainaire II and Airport stands. 

   

Methods 

Site Description 

The Mountainaire II stand borders the small community of Mountainaire, twelve miles south of 

Flagstaff, AZ. The Airport stand borders the north side of the Flagstaff Pulliam airport, approximately 

eight miles south of Flagstaff. Both stands consist primarily of ponderosa pine, which regenerated 

around 1919, commonly referred to as “second growth.” Mountainaire II also contains a minor 

component of Gambel oak (Quercus gambelii). Old growth ponderosa pine trees can be found 

interspersed throughout both stands but are more common in the Mountainaire II stand. An old growth 

tree in the Flagstaff area was established prior to the influence of European settlement on forest 

processes and is typically greater than 106 years in age (White 1985). 

 

Data Collection 

In the Mountainaire II stand, pretreatment data was collected in the fall of 2008; pretreatment data for 

the Airport stand was collected during the fall of 2009. Data was collected using a modified Forest 

Service Region 3 plot protocol (GFFP Monitoring Protocol, 2007, 2008, 2009). Overstory tree data 

collected included species, diameter at breast height (DBH), total height, height to live crown base, 

damage, crown class, and any insect or disease presence. Understory trees were tallied by height class 

and species. Three standard fuel transects were installed at each plot and percent cover of forbs, grass 

and shrubs was collected on three 1m2 subplots in each plot. Finally, percent cover of specific exotic 

plant species were recorded.   

 

Current Conditions 

 The following current conditions were calculated for each stand; per plot values were averaged to 

obtain stand averages where indicated: 

 Trees per acre (TPA) 

 Average basal area per acre (BA) (ft2) 
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 Average percent understory cover 

 Average canopy stratification  

 Quadratic mean diameter (QMD) 

 Stand and relative density indices (SDI and RDI) 

 Average fuel loading  

 

Metric Definitions 

Basal Area 

Basal area refers to the circular cross sectional area of a tree at DBH. The following equation was  used 

to calculate basal area per acre. 

 

BA (ft2) = (π*DBH2)/(4*144) = 0.005454*DBH2 x trees per acre 

 

Average percent understory cover 

Ocular estimates of forest floor cover and composition, including bare ground, litter (un-decomposed 

plant parts), grass, forbs and shrubs were averaged across plots to obtain a stand-level value. 

 

Average canopy stratification  

Canopy class is a visual assessment of individual tree placement within the tree canopy. There are four 

classes used to assess competitive status and overall tree vigor (Smith et al. 1997):  

 Dominant 

The canopy receives full light from the top and significant amounts from the sides, typically 

represents the tallest trees in the stand. 

Co-Dominant 

The canopy receives full light from the top with some side shading, typically represents the 

average height and diameter 

Intermediate 

The canopy receives some direct light from above but no direct side light and is located below 

the canopies of dominant and co-dominant trees.  

Overtopped 

The canopy receives no direct light and is located below all other classes in suppressed growing 

conditions due to light availability.  

For the analysis, dominant and co-dominant trees were combined as these trees represent the majority 

of the canopy and are the most vigorous trees in the stands.  

 

Quadratic Mean Diameter 

Quadratic mean diameter is the diameter at breast height of the tree exhibiting the average individual 

tree basal area of the stand. QMD was calculated using the following formula: 

 

QMD = √(BAmean/0.005454 

Where BAmean is mean individual tree basal area. 



4 
 

 

 

 

 

Stand Density Index and Relative Density Index 

Stand density index (SDI) is a measurement based on logarithmic relationships between average tree 

size (typically QMD) and trees per acre (TPA). SDI can be calculated for even aged stands using the 

following formula: 

SDI = TPA * (QMD/10)1.605 

 

In stands with multiple size classes, SDI is calculated for each size class first and then summed to find the 

stand SDI. Because SDI is species and stand specific, relative density index (RDI) is used to compare 

density conditions between stands and is calculated as a proportion of the maximum SDI of the species 

of interest: 

RDI = Current SDI / Maximum SDI 

 

Maximum SDI is the maximum number of a given size tree that can exist in a stand before extensive 

competition-related mortality occurs. Competition-related mortality dictates that a stand cannot 

theoretically sustain growing conditions higher than the maximum SDI. In southwestern ponderosa pine, 

RDI values higher than 0.60 enter the zone of imminent mortality, at which point competition-related 

mortality will begin to occur. Theoretically, a stand will never display an RDI above 1.0 due to 

competition related mortality; however, measurements at the plot level can exceed 1.0 on occasion. The 

accepted standard maximum SDI for ponderosa pine is 450 (Long and Shaw 2005). SDI and RDI are 

commonly used to evaluate stand density relative to potential for bark beetle infestations and other 

damaging agents. 

 

Fuel loading 

Fuel loading refers to the amount of dead and down fuel in tons per acre. Fuels were collected using a 

modified Brown’s transect (Brown 1974). This methodology uses transects to count the number of 

intersections of dead and down fuel on the forest floor; fuel size classes can be found in Table 1. Fuel 

loading per plot was calculated using published specific gravities and equations (Brown 1974 and Sackett 

1980). Per plot values were then averaged to obtain stand-level average fuel loading.  

 

Table 1: Dead and down fuel size classes   

Size Class 
1 

hour 
10 

hour 
100 
hour 

1000 
hour 

Threshold (In) 0-.25 .25-1 1.0-3.0 3.0+ 

 

 

Fire Modeling  

Fire behavior was modeled for both stands using current condition’s data and two modeling programs: 

The Forest Vegetation Simulator-Fire and Fuels Extension (FVS-FFE) and Fuels Management Analyst Plus 
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(FMA). Basic fire behavior reports were analyzed in both programs for the data collection year 

(2008/2009) and 50 years following data collection (2058/2059). Results included the following 

variables: 

 Fire Type 

 Torching index 

 Crowning index 

 Canopy base height 

 Surface and total flame lengths.  

 

Fire Modeling Definitions 

Fire Type 

A crown fire is defined as a fire that burns in the canopy, which can be distinguished from a surface fire, 

which only burns surface fuels on the forest floor. Crown fires are classified into three types: Passive, 

Active and Independent. Passive crown fires are mainly driven by surface fuels, with only select 

individual trees carrying fire into the canopy. Active crown fires carry fire through the canopy; however, 

they remain dependant on surface fuel conditions. Independent crown fires are extremely rare. They 

move through the canopy independent of surface fuel variables and require specific slope, wind and fuel 

moisture conditions to sustain it. Surface fires remain on the forest floor (Scott and Reinhardt 2001). 

 

Torching index 

The torching index is defined as the 20ft windspeed (speed of wind 20ft above the forest floor) at which 

a crown fire is expected to start. This metric is calculated at the individual tree level (Scott and Reinhardt 

2001). 

 

Crowning index 

Crowning index is the 20 ft wind speed at which an active crown fire is possible (Scott and Reinhardt 

2001).  

 

Canopy Base Height 

Canopy base height is the height of the lowest element of canopy, calculated from measurements of 

height to live crown base. 

 

Flame lengths 

Surface flame length refers to the flame length in feet of a surface fire. The total flame length refers to 

the total flame length if a crown fire were to initiate.  

 

Fire behavior was modeled under representative fire weather parameters for both moderate (80th 

percentile) and severe (97.5th percentile) conditions. Percentiles refer to the value below which the 

remaining values fall. For example, for the 80th fire weather percentile, 80% of fire weather is below the 

given conditions from 1968-2004. Fuel moisture conditions and 20 ft wind speeds for the Coconino 
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National Forest were based on a study by Hoffman et al. (2008) while temperature values were based 

on a study by Stephens et al. (2009) (Table 2).  

 

Table 2: Fuel moisture conditions for the Coconino National Forest from 1968 to 2004 and 25 year 

temperature percentile. 

 Percentile 

 80th 97.5th 

Temperature (°C) 29 32 

Fuel Moisture 
(%)     

1 hr 5.8 2.9 

10 hr 9 4.7 

100 hr 11.9 6.6 

1000 hr 13.7 9.3 

Herbaceous 50.6 51.1 

Woody 115 82.2 

Foliar 100 100 

 

Silvicultural treatments 

Treatments for each stand were modeled based on existing silvicultural prescriptions for each stand 

(Appendices B and C) using FVS-FFE, with treatments implemented in the model during 2009 (Table 3). 

Regeneration was assumed to occur 10 years after treatment, with an 80% survival rate. Regeneration 

rates varied depending upon the implemented treatment and likelihood of regeneration. Due to the 

nature of the Airport prescription, two different models were created based on the tassel eared squirrel 

habitat (Winter Core Area  (WCA)) and a restoration treatment characterized as open with defined 

groupy/clumpy, uneven aged structure within the historic range of natural variability. All models were 

then compared with a no-treatment alternative. 

 

Table 3: Treatments modeled in FVS-FFE 

Stand Treatment Regeneration 

Mountainaire II Reduced to 90 ft2 BA 100 trees per acre with 80% survival 

Airport   

Restoration Treatment Reduction to 40 ft2 BA 200 trees per acre with 80% survival 

Tassel eared squirrel 
habitat (WCA) Reduction to 150 ft2 BA 60 trees per acre with 80% survival 

 

Results 

Species Composition and Regeneration 

Overstory composition on plots was entirely ponderosa pine; large diameter Gambel oak (Quercus 

gambellii) was not recorded in the Mountainaire II or Airport plots but was observed off-plot in 

Mountainaire II. However, regeneration (trees less than 5” DBH) of Mountainaire II was composed 
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primarily of Gambel oak (Figure 1). The Airport stand contained an average of 14 trees per acre that 

were considered regeneration, all of which were ponderosa pine.  

 

 

Figure 1: Regeneration (trees per acre), Mountainaire II. 

 

Stand Density and Structure 

Table 4 shows a summary of overall stand characteristics for the Mountainaire II and Airport stands. 

Both stands contained high basal area per acre; however, Mountainaire II contained fewer trees that 

were larger in diameter. This resulted in lower SDI and RDI values for the Mountainaire II stand as 

compared to the Airport stand. 

 

Table 4: Mean stand characteristics.   

 QMD (in)  TPA  Height (ft) 
Live crown 
length (ft) 

Crown base 
height (ft) 

BA/ acre 
(ft2)  SDI RDI 

Mountainaire II 16.6 82.7 57.5 25.5 26.2 150.9 200.4 0.45 

Airport 11.1 227.3 34.0 12.0 16.6 189.9 311.3 0.69 

 

Both stands had a majority of plots in the zone of imminent mortality (RDI higher than .60) and some 

plots were calculated to have an RDI greater than 1.0. Overall the Airport and Mountainaire II stands 

had RDI values of 0.69 and 0.45 respectively (Table 4). The Airport stand contained the most variability 

between plots with BA/acre ranging from 33 ft2/acre to 385 ft2/acre. The Airport and Mountainaire II 

stands had quadratic mean diameters of 11.1 and 16.6 inches respectively. This indicates that the 

average diameter making up the basal area is smaller in the Airport stand and larger in Mountainaire II. 

Diameter distributions for Mountainaire II and Airport stands indicated an uneven-aged distribution 

(Figures 2a and 2b).  
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a.  

 

b.  

 

Figure 2: Diameter distributions for the Mountainaire II (a) and Airport (b) stands.  

Note the difference in size class distribution between the stands.  

 

Based on the regeneration found in both stands and the diameter distribution, it is likely that three 

separate age classes exist in the stands. The oldest age class consists of the residual “old growth trees”, 

followed by the “second growth trees” that dominate the stand, and finally, the scattered regeneration 

appearing in gaps in the stands are likely somewhat younger than the middle age class, however, trees 

were not aged as part of this study. The canopy and height structure can be seen in figures 3a and 3b. 
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a.  

 

b.  

 

Figure 3: Average height and average height to live crown for the Mountainaire II (a.) and Airport (b.) 

stands. Plots 4, 12 and 15 in Mountainaire II contained no overstory trees.  

 

Most trees in each stand were classified in the most vigorous, upper canopy positions (dominant and co-

dominant) with relatively few trees in the lower, less vigorous classes of intermediate and suppressed 

(Figure 4). The Airport stand contained an average of 10 snags per acre and no snags were recorded in 

Mountainaire II plot data.  
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Figure 4: Canopy stratification of the Airport and Mountainiare II stands. 

 

Understory Composition 

Litter was the dominant understory cover in both stands, followed by grass and bare ground (Figure 5). 

Bull thistle was the only non-native understory species observed in one of the Airport stand’s plots and 

comprised less than 1% of the plot. No invasive species were found in Mountainaire II.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Understory composition of the Airport and Mountainaire II stands. 

 

Fuel loading 

The Airport stand contained relatively higher dead and down total surface fuel loading at 18.18 tons per 

acre (Table 6). At Mountainaire II, most of the fuel loading was contained in the litter and duff layers 

while the thousand-hour fuels contained the most loading in the Airport stand.  
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Table 6: Surface fuel loading in tons per acre for each stand. 

 Fuel Type 

 1-hr 10-hr 
100-

hr 
1000-

hr Litter Duff Total 

Mountainaire_II 0.09 0.42 0.48 1.49 4.65 5.28 12.43 

Airport 0.22 0.82 0.55 7.68 3.68 5.23 18.18 

 

Fire modeling 

The most severe fire behavior conditions were predicted for the Airport stand.  FMA characteristically 

modeled a more severe crowning index in both stands as compared to FVS-FFE. However, FVS-FFE 

modeled a more severe torching index for both stands. The Airport stand displayed a crowning index of 

less than 25 mph in both 2009 and 2059 under both models, which indicates a severe fire hazard. 

Mountainaire II did not display crowning indices below 25 mph in either 2009 or 2059; however, 

modeling results were just above that threshold for a severe fire hazard under FMA predictions 

(Appendix A, Table 8). The Airport stand was also predicted to have a total flame length of 51 ft (FVS-

FFE) vs. 4 ft in the Mountainaire II stand. Total flame length predictions using FMA were low for both 

stands (Appendix A, Table 8).  

 

Silvicultural treatment modeling 

Silvicultural treatments modeled in FVS-FFE showed the most decrease in predicted fire behavior in the 

Airport restoration treatment and Mountainaire II, as crowning index decreased following treatment. 

Total flame length also decreased with treatment (Table 7). However, due to projected regeneration in 

the restoration openings, the probability of torching increases over time while torching index and 

canopy base height both decrease (Table 7). Mountainaire II also showed an increase in torching index 

post treatment, again likely due to predicted regeneration. The Airport WCA treatment was only 

moderately successful at reducing fire risk, as probability of torching, crowning index and torching index 

remained relatively the same. However, under severe fire weather conditions, total flame length was 

reduced and fire type prediction switched from crown to surface fire. Canopy base height also increased 

following treatment.  Representations of pre-treatment and post-treatment modeled predictions of 

stand structure can be seen in Figures 6 through 13.  
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Table 7: Predicted fire behavior following silvicultural treatments. 

Year 

Surface 
Flame 
Length 

Total 
Flame 
Length Fire Type 

Probability 
of Torching 

Torching 
Index 

Crowning 
Index 

Canopy 
Base 

Height 

 Sev Mod Sev Mod Sev Mod Sev Mod Sev Sev  

Airport Restoration Treatment 

2009 5.2 2.4 5 2 Surface Surface 0.00 0 75.8 60.2 28 

2059 4.1 2.0 4 2 Surface Surface 0.74 0 37.5 51.4 9 

Airport Tassel Eared Squirrel Habitat (WCA) Treatment 

2009 3.5 1.7 47 2 Crown Surface 0.01 0 111.0 25.8 23 

2059 3.3 1.7 3 2 Surface Surface 0.00 0 157.2 28.3 32 

Mountainaire II 

2008 3.7 1.8 4 2 Surface Surface 0.20 0.16 104.3 39.6 24 

2058 3.6 1.6 4 2 Surface Surface 0.03 0 116.3 38.4 26 

 

 



13 
 

 
Figure 6. Stand Visualization System model output for stand structure in the  Mountainaire II stand. (a) 

pre-treatment (2008),(b)  immediate post-treatment (2008) and (c) 50-year post-treatment (2058). 
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Figure 7. Stand Visualization System model output for stand structure in the Airport stand. (a) pre-

treatment (2009); (b) immediate post-treatment in the WCA (2009); (c) 50-year post-treatment in the 

WCA (2059); (d) immediate post-treatment in the restoration area (2009); and (e) 50-year post-

treatment in the restoration area (2059).  

 

 

 

 

 

 



15 
 

Discussion 

Both stands exhibit typical current forest conditions for the area surrounding Flagstaff: relatively high 

tree density and basal area per acre. Such high densities are often associated with conditions conducive 

to high severity fire behavior, lack of understory vegetation and high percent cover of litter, all of which 

are present in the sampled stands.  While three age classes are present in both stands, only the trees 

that regenerated around 1919 are represented in large numbers. Both the old-growth trees and 

regeneration are minor components of these stands. The airport stand structure is relatively 

homogeneous because of this over-representation of the middle size/age class, with a lack of vertical 

heterogeneity and a continuous canopy. The Mountainaire stand structure is also dominated by lower 

diameter classes but contains more heterogeneity due to the spatial distribution of trees and presence 

of scattered old growth (Figures 4a and 4b). The current stands lack the ladder fuels to effectively carry 

fire from the forest floor into the canopy; however, were more small trees present, ladder fuels would 

result in an even greater fire hazard. 

 

Following treatment, the percent cover of non-native understory species is likely to increase. It is also 

probable that non-native species are already present and more common than reported due to the 

sampling. For example, areas heavily used, such as along trails and roads, are not likely to be sampled 

using the protocol but are more likely to have non-native species present. Common non-native species 

that proliferate from disturbance and can be found in and around both stands include Dalmatian 

toadflax, cheatgrass, and common mullein.  

 

The Airport stand was shown to be at greatest risk for high severity wildfire but also contained the 

greatest amount of variability. Treatments modeled in FVS-FFE were successful at reducing fire risk; 

however, the tassel-eared squirrel WCA habitat prescription continued to display a low crowning index 

(ranged from 25.8 (2009) to 28.3 (2059)). These figures indicate this area has a high probability of a 

maintaining a crown fire. Because these dense wildlife pockets are surrounded by an open forest 

structure, and are a small proportion of the overall stand, it is likely that if a crown fire were to start in 

the WCA area, fire would not be able to spread beyond the immediate WCA area. However, depending 

upon actual regeneration rates, the restoration area will become more conducive to crown fire behavior 

in the future as well. Implementation of intermediate treatments, such as regular prescribed fire, can 

help maintain lower fire hazard through time. Both the Airport and Mountainaire II stands contained 

coarse woody debris loading that fell in the acceptable range for drier, lower forest types (5-20 

tons/acre) (Brown et al. 2003).  Accordingly, this range of fuel loading is an acceptable compromise 

between positive forest processes (site productivity, wildlife habitat) and fire risk. 

 

FMA fire behavior calculations predicted more intense fire behavior than FVS-FFE; the two models also 

predict only a few shared variables. Future modeling efforts should use a model that best meets the 

objectives and needs of the project. For example, it is not possible to model silvicultural treatments in 

FMA; likewise, FVS-FFE may be too broad for a project aimed at modeling only fire behavior.  

 

 

 

Figure 12: Airport, Opening area, 

post treatment (2009) 

Figure 14: Airport, opening area, 

post treatment (2009) 
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Appendix A: Tables and Figures 

 

 

 

 
Figure 14: RDI per plot-Airport Stand 

 

 

Figure 15: BA/Acre and Trees per Acre per plot-Airport stand 
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Figure 16: Quadratic Mean Diameter and Average Height per plot-Airport stand 

 

 

 

 

Figure 17: BA/Acre and Trees per Acre-Mountainaire II 
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Figure 18: Quadratic mean diameter and average height-Mountainaire II 

 

 

 

Figure 19: RDI per plot-Mountainaire II 
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Table 8: Fire behavior calculations 

Year 

Surface 
Flame 
Length 

Total 
Flame 
Length Fire Type 

Prob of 
Torching Torch Index 

Crown 
Index 

Canopy 
Base 

Height 

Rate of 
Spread 
(ft/hr) 

Fire 
Intensity 

(BTU/ft/sec) 

  Sev Mod Sev Mod Sev Mod Sev Mod Sev Mod Sev Mod   Sev Mod Sev Mod 

Airport 

FVS-FFE 

2009 3.1 1.4 51 1 Crown Surface 0.07 0 87.4   24.2   15         

2059 3.1 1.4 54 1 Crown Surface 0 0 101.4   22.5   17         

FMA 

2009     2.1 1.2 Surface Surface     214.7 309.3 15.7 21 15 376.2 118.8 29.8 7.9 

2059     2.1 1.2 Surface Surface     247.1 355.9 14.3 19.1 17 376.2 118.8 29.8 7.9 

Mountainaire II 

FVS-FFE 

2008 3.6 1.6 4 2 Surface Surface 0.17 0.11 98.7   39.6   22         

2058 3.6 1.6 4 2 Surface Surface 0.03 0 116.3   38.4   26         

FMA 

2008     2.1 1.2 Surface Surface     329.8 474.9 31.4 41.6 22 376.2 118.8 29.8 7.9 

2058     3 1.7 Surface Surface     254.3 380.3 28.5 37.8 26 396 145.2 62.5 19 
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Appendix B: Mountainaire II silvicultural prescription 

 

DETAILED PRESCRIPTION      

Project Name:  Mountainaire HFRA Project   Base:  0405    

Location:  000348      Prepared by:  Patty Ringle 

Site:  0014       Date:  9/12/2008 

Acres: 27.9   

 

Existing Conditions: 

The stand contains mostly mid-aged to mature, black-barked ponderosa pine 18-24 inches DBH (VSS 5B).   

Basal areas within the stand average approximately 115 ft² per acre.  Several groups of older, “yellow” 

pines can be found in portions of the stand.  The stand contains very little Gambel oak.  However, one 

large diameter oak with atypical form can be found in the northwest portion of the stand near a main 

hiking trail.  Ponderosa pine regeneration is found mostly in openings.  The stand contains an average of 

10-20 presettlement evidences per acre.  A limited amount of dwarf mistletoe infection was reported 

within the stand.  The understory is dominated mainly by grasses, such as Arizona fescue, mountain 

muhly, and squirrel tail.  Slope is 0-3%.  Aspect is only slightly NW.  Elevation is approximately 6900 ft.  

The habitat type in the majority of the stand is PIPO/FEAR.   

 

Desired Future Conditions:   

The desired future condition is an “open”, healthy, vigorous ponderosa pine forest, with a structure that 

is sustainable, uneven-aged, and within the historic range of natural variability.  Trees will be arranged 

primarily in “groups”, with a mosaic pattern of individual and clustered tree groups interspersed among 

openings.  The stand will exhibit an increase in age class diversity.  Average stand densities will be below 

critical thresholds for increased risk of bark beetle attack and mortality.  The stand will be “low” to 

“moderate” fire hazard, with conditions conducive to the reintroduction of low-intensity prescribed fire.  

Stocking guidelines will be designed to decrease inter-tree competition, increase tree health, growth, 

and vigor, increase understory productivity and diversity, improve goshawk foraging habitat, maintain 

goshawk prey species habitat, reduce fire hazard, and increase age class diversity.  Trees will be left in 

variable groups, with openings between groups.  Openings will range in size from ¼ to 4 acres and will 

vary in shape.  Tree groups will also vary in size, shape, and number of trees, ranging from 2 trees up to 

3 acres in size.  Basal areas within groups will be variable and range from 60 - 120 ft² per acre.  Basal 

areas at the stand level will meet a minimum of 50 ft² per acre (40%+ canopy cover) when averaged 

across openings and tree groups.   
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Treatment Objectives: 

1. Reduce the risk of catastrophic, stand-replacing wildfire by decreasing stand densities, increasing 
average crown base height, and decreasing crown continuity.  Reduce average canopy cover to 
40%+ at the stand level.  Create conditions that are conducive to the reintroduction of low intensity 
surface fire.  Improve understory productivity and diversity. 

2. Create a diverse forest structure that more closely resembles the structure that existed prior to the 
interruption of the historic fire regime.  Trees will be left in groups of varying shape, size, and 
number of trees.  A maximum of 26% of the stand will be in openings for regeneration. 

3. Improve forest health by decreasing inter-tree competition, increasing individual tree growth and 
vigor, and decreasing susceptibility to disease and insect mortality.  Reduce stand densities below 
critical thresholds for increased risk of bark beetle attack and mortality.   

4. Improve foraging habitat for the northern goshawk by decreasing stand densities and increasing age 
class diversity.  Improve/maintain habitat for goshawk prey species by leaving trees in groups and by 
improving understory productivity and diversity. 

Silvicultural Treatment:  Uneven-aged Management – Group Selection    

 

Opening Guidelines (in order of priority): 

Create new openings and enhance existing openings across a maximum of 26% of the stand  

(7.3 acres) for the purpose of natural regeneration (VSS 1 and 2).  Openings will vary in size from 0.25 to 

4 acres, with a maximum width of 200 feet.  Openings will also vary in shape and be irregular.   

 

Target the following areas for the placement of new openings: 

 Areas with dwarf mistletoe infection or other insect and disease centers 

 Areas that contain groups of trees in the most prevalent size class 

 Areas that contain groups of trees with poor tree form and vigor 

 Areas with genetically undesirable “apple” trees 
 

One group of reserve trees, 3-5 trees per group, will be left per acre if the opening is greater than one 

acre in size.  Reserve trees are seed-bearing pine trees. 

 

Enhance existing openings by removing trees with poor health, vigor, and form.  Leave VSS 1 and 2 

groups in openings if they have good form and vigor and are free to grow.  Leave VSS 1 and 2 groups of 

varying number and size, from 2-20 trees.  Tree spacing within VSS 1 and 2 groups will be irregular and 

range from 3-15 ft.  For VSS 3-6, follow stocking guidelines below. 
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Stocking Guidelines (in order of priority):   

1. Leave trees arranged in a mosaic pattern of individual and clustered tree groups.  Groups will vary in 
shape, size, and number of trees.  Groups will range from 2 trees up to 3 acres in size.  Groups will 
be irregular in shape.  Tree spacing within groups will be irregular and range from 3-30 ft.  Basal 
areas within groups will be variable and range from 60 - 120 ft² per acre.  Groups of smaller 
diameter trees (less than 12 inches DBH) will be left at lower basal areas (60-80 ft² per acre).  
Approximately 20% of the stand (5.6 acres) will be left at higher basal areas (100-120 ft² per acre).  
In general, denser groups will consist of larger diameter trees and old, “yellow” pines.         

 

2. Leave all trees greater than 24 inches DBH.  Leave all old, “yellow” ponderosa pine, regardless of 
size.  Also leave all trees that are beginning to exhibit flat, platey, “yellow” bark if they are also 
dominants or codominants and have good tree form, health, and vigor.  Leave existing groups of VSS 
5 trees (greater than 18 inches DBH) with good health, form, and vigor. 

 

3. Leave trees will exhibit good tree health, vigor, and form.  Focus tree retention on leaving the 
healthiest trees with the highest crown ratios.  The stand contains very little dwarf mistletoe.  Leave 
trees will have no signs of mistletoe infection.   

 

4. Leave trees of all ages will be considered to increase age class diversity.  When possible, leave trees 
that are not in the most prevalent age class, such as seedlings and saplings, if they also exhibit good 
health, form, and vigor. 

 

5. Use presettlement (pre-1870) tree evidences as a guide to determine the location and size of tree 
groups.  Pre-settlement tree evidences include old pine stumps, stump holes, old logs, old snags, 
and “fading”, old, “yellow” ponderosa pine trees facing imminent mortality.  Pre-settlement stumps 
usually are sound near the center due to an accumulation of heartwood, have yellow, platey bark, 
and are frequently taller due to the 1800s logging style.   Pre-settlement snags are frequently large 
in diameter, contain a more massive limb structure, and have yellow, platey bark. Pre-settlement 
logs usually contain an obvious root ball, are sound, and have platey, yellow bark.    

 

Special Considerations Within Stand: 

 

Wildlife  

There is a Cooper’s hawk nest located in the northwest portion of the stand.  It is unknown if the nest is 

currently active.  Prior to implementation, the district wildlife biologist will check the nest to determine 

if active.  If the nest is active, no thinning will occur within a 15-acre buffer around the nest site. 
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Harvesting Operations 

There is a large diameter Gambel oak with atypical form located in the northwest portion of the stand 

near a hiking trail.  Mitigation measures will be used to protect the tree from damage by harvesting 

operations.   

 

Broadcast Burning 

Old, “yellow” pines will have duff raked away from the bases where high litter depth (greater than 12 

inches) may result in girdling and mortality. 

 

Oak mortality will be mitigated for in burn plans by raking duff from the base of large oaks (greater than 

10 inches DRC) and by not placing slash piles near oaks. 

 

Slash Treatment 

Pile and burn slash resulting from harvesting operations.  Slash piles will be located in openings or other 

locations so that burning will minimize damage to standing live trees, snags, down logs, sensitive plants, 

or physical improvements such as fences, poles, signs, and cattle guards.  Large logs (greater than 12 

inches) that exist on the landscape prior to treatment will not be piled during slash treatment.  Where 

possible, piles will be located on old pile sites or previously used decking areas instead of creating new 

sites and will avoid advance regeneration. 

 

Invasive Weeds/Sensitive Plants 

Follow Best Management Practices for the treatment of invasive weeds.   Wash all machinery prior to 

entry into the stand.   

 

Recreation 

For public safety, camping and other recreational activities will be prohibited during active harvesting 

and burning areas.  Harvesting activities (cutting and hauling) should be avoided on the following 

holiday weekends: Memorial Day, Fourth of July, and Labor Day. 

 

Visual Quality  
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Use directional marking within 2 chains of private property to minimize visual impacts. 

 

The stand is highly used by Mountainaire residents for hiking, archery, and other recreational activities.  

Visual quality along the main hiking trail will be considered during marking and harvesting operations.  

Leave individual trees and variable groups at irregular intervals along the main hiking trail.  Also leave 

groups of trees between the hiking trail and private property to screen the trail from houses. 

 

Layout Recommendations: 

Private property along the south side of the stand will determine the southern boundary.  Boundaries 

will be marked with a pink band.  Leave trees will be identified with an orange slash.   

 

Directions to Stand: 

Stand is located north of and adjacent to the Highlands Fire Station in the community of Mountainaire.  

See map of stand. 

 

Map of Stand: 
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Appendix C: Airport silvicultural prescription 

 

DETAILED PRESCRIPTION      

Project Name:  Airport      Prepared by:  Mark D. Shiery  

Location:  T20N, R7E, S8 NENE1/4, and S9 NW1/4   Date:  10/14/2009 

Stand:  001        

Acres: 134   

 

Existing Conditions: 

The stand contains mostly mid-aged to mature, black-barked ponderosa pine averaging 15 inches DBH.  

Basal areas within the stand average approximately 187 ft² per acre.  Several groups of older, “yellow” 

pines can be found in portions of the stand.  The stand contains a few Juniperus sp.    Ponderosa pine 

regeneration is found mostly in openings.  The stand contains an average of 17 pre-settlement 

evidences per acre.  A limited amount of dwarf mistletoe infection was reported within the stand.  The 

understory is dominated mainly by grasses, such as Arizona fescue, mountain muhly, and squirrel tail.  

Slope is 0-5%.  Aspect is South.  Elevation is approximately 7000 ft.  The habitat type in the majority of 

the stand is PIPO/FEAR.   

 

Desired Future Conditions:   

The stand will be characterized as open with two distinct Winter Core Areas:  

1.   An “open”, vigorous ponderosa pine forest, with a defined groupy/clumpy structure that is 

sustainable, uneven-aged, and within the historic range of natural variability.  The open structure will be 

characterized by large openings with scattered groups/clumps of trees varying in size with multiple age 

classes represented.   

The stand will exhibit: 

a.   An increase in age class diversity.   

b.  Average stand densities will be below critical thresholds for increased risk of bark beetle attack 

and mortality.   

c. “Low” fire hazard, with conditions conducive to the reintroduction of low-intensity prescribed fire.   
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d.  Stocking guidelines will be designed to decrease inter-tree competition; increase tree health, 

growth, and vigor; increase understory productivity and diversity; improve wildlife habitat; reduce 

fire hazard; and increase age class diversity.   

e.  Trees will be left in variable groups, with openings between groups.  Tree groups and clumps 

within groups will vary in size, shape, and number of trees.  Basal areas within groups will be 

variable and range from 27-54 ft² per acre.   

 

2.    Two Tassel Eared Squirrel Winter Core Areas (WCA) – totaling 27 acres - will be located within the 

stand for AZ Game and Fish Research studies.  Higher basal areas (ranging from 100-200 ft² per acre) 

and higher canopy cover (>60%) are associated with WCA’s and are also correlated with productivity of 

hypogeous fungi, an important food source for squirrels.  Along with their research benefits, the WCAs 

will provide habitat for other wildlife that use patches of denser forest conditions such as songbirds, 

mule deer, and turkey.   

a.  WCA’s will contain extensive interlocking canopies that provide habitat for squirrel nest 

placement, movements, and protection from predators.   

b.   Ladder fuels will be removed from WCA’s to reduce fire risk without compromising squirrel 

habitat, and will be “moderate” fire hazard conditions conducive to the reintroduction of low-

intensity prescribed fire, and located and spaced without increasing overall stand fire hazard – 

“low”.  

 

Treatment Objectives: 

5. Reduce the risk of catastrophic, stand-replacing wildfire by decreasing stand densities, increasing 
average crown base height, and decreasing crown continuity.  Reduce average canopy cover to 
30%+ at the stand level.  Create conditions that are conducive to the reintroduction of low intensity 
surface fire.  Improve understory productivity and diversity. 

6. Create a diverse forest structure that more closely resembles the open structure that existed prior 
to the interruption of the historic fire regime.  Trees will be left in groups and clumps of varying 
shape, size, and number of trees based on existing pre-settlement evidences.   

7. Improve forest health by decreasing inter-tree competition, increasing individual tree growth and 
vigor, and decreasing susceptibility to disease and insect mortality.  Reduce stand densities below 
critical thresholds for increased risk of bark beetle attack and mortality.  

8. In cooperation with the AZ Game and Fish Research Branch, create Tassel Eared Squirrel Winter 
Core Areas (WCA) to evaluate treatment prescriptions that address fire risk reduction needs and 
also benefit wildlife. 

 

Silvicultural Treatment:  Uneven-aged Management – Group/clump Retention    
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Group, clump, interspace and opening definitions: 

Groups – Large in size (.5 to 3 acres).  Groups contain 2 or more clumps and some individual trees 

nested within.  Groups are separated from each other by openings. 

Clumps – Small in size (<1/2 acre) with interlocking canopies.  Clumps separated within groups by 

interspaces.  May consist of 2 or more trees isolated within openings. 

Interspaces – Break between clumps that won’t close with growth over time.  Maintained through 

frequent fire intervals. 

Openings – Large in size ranging from 100 to 200 feet wide or more.  May be larger if pre-settlement 

evidence indicates a large opening existed.  Openings will vary in shape and be irregular.  Enhance 

existing openings by removing trees with poor health, vigor, and form.  

 

Stocking Guidelines (in order of priority):   

6. Open forest: 
a.  Leave trees arranged in a mosaic pattern of individual and clustered tree groups and clumps of 

variable size classes, based on pre-settlement evidences at 1.5 leave trees per evidence (1.5:1).  

Group and clump locations will be based on existing stand structure in close proximity to pre-

settlement evidences.  Groups and clumps will vary in shape, size, and number of trees and be 

irregular in shape.  Basal areas within groups will be variable and range from 27-54 ft² per acre.           

b.  Use pre-settlement (pre-1870) tree evidences as a guide to determine the location and size of 

tree groups.  Pre-settlement tree evidences include old pine stumps, stump holes, old logs, old 

snags; and “fading”, old, “yellow” ponderosa pine trees facing imminent mortality.  Pre-settlement 

stumps usually are sound near the center due to an accumulation of heartwood; have yellow, platey 

bark; and are frequently taller due to the 1800’s logging style.   Pre-settlement snags are frequently 

large in diameter; contain a more massive limb structure; and have yellow, platey bark.  Pre-

settlement logs usually contain an obvious root ball; are sound; and have platey, yellow bark.  

c.   The majority of groups will be located perpendicular to predominant winds to reduce fire hazard 

as conditions permit.    

 

7. Open forest and Wildlife Core Areas: 
a.   Leave all trees greater than 24 inches DBH.  Leave all old, “yellow” ponderosa pine, regardless of 

size.  Also leave all trees that are beginning to exhibit flat, platey, “yellow” bark if they are also 

dominants or co-dominants and have good tree form, health, and vigor.   

b.  Leave trees will exhibit good tree health, vigor, and form – character trees may be left for wildlife 

habitat within clumps or as individual trees.  Focus tree retention on leaving the healthiest trees 
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with the highest crown ratios.  The stand contains very little dwarf mistletoe.  Leave trees will have 

minimal signs of mistletoe infection or bark beetle infestation.   

c.  Leave trees of all ages will be considered to increase age class diversity.  When possible, leave 

trees that are not in the most prevalent age class, such as seedlings and saplings, if they also exhibit 

good health, form, and vigor.    

d.   Snags, and some fading trees, within groups will be left for wildlife habitat.  Snags should be 

sound and greater than 12” DBH and a minimum of 15 feet tall.  A snag stocking density of no 

greater than 6 snags or fading trees per acre is desired. 

 

Special Considerations Within Stand: 

 

Wildlife  

Various hawk species frequent the area.  Incorporate any nest tree found within the project area within 

a group.  Incorporate existing Tassel Eared Squirrel nests into groups.  Leave a minimum of 3 downed 

trees greater than 12” diameter at the midpoint and >16 feet long per group, for small mammal habitat 

– cut and leave live trees meeting these size requirements if needed to meet the minimum. 

 

Harvesting Operations 

Undeveloped motorized recreational trail use occurs within the project area.  Utilize these trails as 

skidding paths to facilitate obliteration.    

 

Broadcast Burning 

Old, “yellow” pines will have duff raked away from the bases where high litter depth (greater than 12 

inches) may result in girdling and mortality. Raking shall be done to minimize damage to fine root 

structure.  Retain downed logs for wildlife habitat. 

 

Other tree species mortality will be mitigated for in burn plans by raking duff from the base of these 

trees and by not placing slash piles near them. 

 

Slash Treatment 
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Grind all slash resulting from harvesting operations, and pile for removal off site.  Slash piles will be 

located in openings or other locations prior to grinding to minimize damage to standing live trees, snags, 

down logs, sensitive plants, or physical improvements such as fences, poles, signs, and cattle guards.  

Large logs (greater than 12 inches) that exist on the landscape prior to treatment will not be piled during 

slash treatment.  Where possible, piles will be located on old pile sites or previously used decking areas 

instead of creating new sites and will avoid advance regeneration. 

 

Invasive Weeds/Sensitive Plants 

Follow Best Management Practices for the treatment of invasive weeds.   Wash all machinery prior to 

entry into the stand.   

 

 

Recreation 

For public safety, camping and other recreational activities will be prohibited during active harvesting.  

Harvesting activities (cutting and hauling) should be avoided on the following holiday weekends: 

Memorial Day, Fourth of July, and Labor Day. 

 

 

Layout Recommendations: 

Boundaries will be marked with a triple orange band facing into the stand.  WCA’s will be marked with a 

double orange band facing away from the WCA.  Leave trees will be identified with a yellow slash on 

opposite sides of the tree and a butt mark.   

 

Directions to Stand: 

Stand is located to the West of FS Rd. 3E and an unnamed tank approximately ½ mile south of Frontier 

Rd. accessed off of Lake Mary Rd. 
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