
 

 

 

 

 
 

 

  
 

 

 
 

 

  

 

 

          

 

 

 
 

 

             

   

               

 
 

         

       

    

 

         

Effect  of Sla h Pile Burning after Re toring Conifer-

Encroached A pen 

Interim Pile Building Guideline  for A pen Injury Ri k Reduction 

Decembe  2012 

Chri ta M. Dagley1, John-Pa cal Berrill1, Stephanie Coppeto2, and Kyle Jacob on2 

1
Department of Fore try and Wildland Re ource , Humboldt State Univer ity, 1 Harp t Street, Arcata, 

CA 95521 
2
USDA Fore t Service, Lake Tahoe Ba in Management Unit, 35 College Drive, South Lake Tahoe, CA 

96150 

Corre pondence  hould be addre  ed to Chri ta Dagley, cdagley@humboldt.edu 

1 

mailto:cdagley@humboldt.edu


 

 

 

                

              

                

                 

               

                 

   

 

  

                 

                 

 

                 

         

               

   

          

        

 

                  

                 

                 

                  

       

 

  

                   

                  

                   

                 

                  

                   

                 

                     

                 

             

 

 

Introd ction 

Removal of conifer  encroaching a pen  tand  ha  been advocated and i  being practiced in the Lake 

Tahoe Ba in (EIP Project #10080: A pen Community Re toration Project ). In remote and roadle   

area , thinning of conifer  i  generating large volume  of wood and pile burning i  currently being 

implemented to handle thi  bioma   on  ite. However, the effect  of pile burning on a pen are 

unknown, and there i  an urgent need for guideline  to  upport de ign of thinning treatment 

pre cription ;  pecifically burn pile  ize and  afe di tance  from live a pen tree  of any  ize to prevent 

injury. 

Objectives 

Thi  report de cribe  a pilot data et and preliminary analy i  of pile burning impact  on a pen tree  in 

one 2.47-acre  tand at Ward Creek (near Tahoe City, CA). The re earch objective  were to: 

(1) Examine the influence of tree  ize, pile  ize, and tree-to-pile di tance on a pen injury (and in 

future, mortality) after pile burning; 

(2) U e logi tic regre  ion model  to under tand factor  a  ociated with a pen injury (and in future, 

mortality); 

(3) Quantify under tory vegetation cover before and after burning; and 

(4) Develop interim pile burning guideline  

The data and re ult  pre ented here are only ba ed on a 1-year po t-fire a  e  ment from one  tand and 

 hould be interpreted cautiou ly. We will continue monitoring the  tand for an additional 3 year  to 

ob erve a pen mortality and how thi  related to injury  everity. In addition, we have repeated thi  

 tudy in an additional five  tand  around the Lake Tahoe Ba in and will be including data from the e 

 tand  into future analy e . 

St dy Site 

The effect  of pile burning on a pen were  tudied at one  ite (Ward Creek - WA38) where a 2.47-acre 

permanent monitoring plot wa  in talled in 2009. Prior to conifer thinning in fall 2009, data for a pen 

tree  > 4 inche  dbh and conifer tree  > 8 inche  dbh were collected. Tree mea urement  included dbh, 

height, crown height, map location within the plot, and a record of health  tatu . Thinning of conifer 

occurred in the fall 2009. We calculated that live conifer  temwood volume totaled 6030 ft3 ac -1 before 

thinning all  maller conifer  up to a diameter limit of 14 inche  dbh. Thi  treatment reduced  tocking by 

only 24% yet generated over 1000 ft3 ac -1 of cut conifer  temwood (not including branche  and top ) 

that wa  piled for burning in 50 pile  ac-1 . Since the top  and branche  of all tree  removed (cut and 

piled) can account for a large part of each pile created, the  temwood volume e timate  obtained from 

 tandard tree volume equation  pre ented here underpredicted the total volume of cut wood. 
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Sampling 

In 2010, we completed pile location mapping and mea urement of 124 pile  in the 2.47-acre permanent 

monitoring plot. Pile mea urement  included: 

• Pile  hape de cription (compatible with pile calculator e.g., half  phere, paraboloid, etc.); 

• Width, length, and height of each pile (and nece  ary additional mea urement  to allow for 

accurate volume calculation (e.g. W1, W1, L1, L2, H1, H2) u ing pile calculator); 

• Approximate fuel  ize-cla   compo ition by volume; and e timated packing ratio (for po  ible 

u e in machine pile calculator given unu ually large diameter  of log  hand piled in the Lake Tahoe 

Ba in; Kyle Jacob on, per onal communication); 

Pile bioma   and gro   volume were e timated u ing the Piled Fuel  Bioma   and Emi  ion  Calculator 

(Hardy 1996 and Wright et al. 2009). 

In 2011, we  upplemented the exi ting tree data for a pen tree  > 4 inche  dbh collected in 2009 by 

mea uring di tance to the edge of the neare t burn pile for each tree that remained after the thinning 

treatment (Figure 1a). To obtain data for tree  < 4 inche  dbh, 18 burn pile  were cho en in area  of the 

plot where a pen den ity wa  high. At each pile, all tree  greater than 4.5 ft tall within 11 ft of the pile 

were mapped and mea ured for dbh, height, and di tance to the edge of the neare t burn pile. A  ub et 

of a pen tree  le   than 4.5 ft tall within 11 ft of the 18 pile  were mapped in relation to the neare t 

burn pile edge, and their height mea ured. 

(a) (b) 

Figu e 1. Tree-to-pile edge di tance (a) and bole di coloration from heating (b). 

Pile  were burned in fall 2011 and po t-fire tree a  e  ment  occurred in  ummer 2012. Health  tatu , 

and fire injurie   uch a  crown  corch, bole di coloration, and in tance  of dead top ( mall tree ), bark 

 plitting and/or weeping were recorded after burning. The health  tatu  of tree  wa  recorded a  either 

healthy (H), dead but not related to fire (D), dead from fire but re- prouting (D ), or dead from fire with 

no re- prouting (Dn ). Crown  corch wa  occularly e timated to the neare t %, and wa  defined a  the 

percentage of pre-fire live crown volume  corched or con umed by fire. Bole di coloration from heating 

wa  a  e  ed becau e of it  potential to indicate cambial damage from fire (Figure 1b). Bole 

di coloration wa  mea ured in two way : % of tree circumference di colored by fire (at wor t-affected 

place); and length along the  tem of the di coloration to the neare t inch. For example, the tree  hown 

in Figure 1b had a bole di coloration approximately 25% circumference and 5 ft length. 
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Under tory vegetation wa  a  e  ed within and adjacent to the  ame 18 burn pile  that we u ed to map 

and mea ure  mall a pen tree  < 4 inche  dbh. Before pile burning we e tabli hed a  erie  of 1-m2 

quadrat  adjacent to burn pile  in the four cardinal direction , and re-e tabli hed the quadrat  at the 

 ame location  after burning to determine percent cover of under tory vegetation (Figure 2). To aid in 

re-e tabli hing the quadrat  at the  ame location  po t burning we in talled a  take cha er at the 

out ide center of the third 1-m2 quadrat. Additionally, after burning we a  e  ed vegetation in ide the 

burned area by e tabli hing a 1-m2quadrat in the center of the burn pile and two 0.5 m2 quadrat on the 

in ide edge of the burned patche . For each quadrat, percent cover wa  occularly e timated from above 

the quadrat to the neare t % on all vegetation le   than 1 m in height u ing the following categorie : 

rock, bareground, coar e woody debri , a pen, conifer,  hrub, gra  , and herbaceou . For quadrat  

located within the burn pile area we al o counted the number of regenerating a pen and conifer 

germinant . 

E1 E3 E2 W3 W1 W2 

N3 

N1 

N2 

C 

S1 

S3 

S2 

Burn pile perimeter 

‘Edge zone’ (in ide perimeter) 

‘Central zone’ of burn pile We t  ide quadrat#3 

‘Center quadrat’ 

NE 

SE 

‘Edge quadrat’ i  ½ 

quadraton South  ide 

of edge zone 

= Colored  takecha er 

3m from pile perimeter 

in cardinal direction  

Figu e 2. Sampling de ign to a  e   percent cover of under tory vegetation  urrounding burn pile  at WA38. 

Data Analysis 

The data for pile characteri tic , tree  ize, and tree-to-pile di tance were linked with the binomial tree 

injury data for tree  at a range of di tance  from burn pile  of varying  ize. Thi  ‘matrix’ of data covering 

the range of burn pile  ize and placement condition  entered logi tic mixed-effect  regre  ion model  of 

the probability of tree injury. The e preliminary model  are  hown and can be u ed to develop interim 

pile burning guideline . 

The a pen tree injury data were  eparated into two group ,  mall and large tree , for  ummary and 

analy i  becau e the tree-to-pile di tance differed between the two group  and bole di coloration could 

not be accurately detected on  mall tree . The large tree group con i ted of tree  with dbh > 1 inch, and 
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the  mall tree group con i ted of tree  with dbh < 1 inch. For both tree group , tree  recorded to have a 

‘dead’ (i.e. cau e unrelated to fire) health  tatu  were excluded from the data et. 

The pre-burn data on under tory vegetation for quadrat   urrounding the burn pile were compared to 

the po t-burn data to determine if there were  ignificant change  in percent cover. For quadrat  located 

in ide the burn pile area, the po t-burn cover data were a  e  ed to  ee what type of vegetation, if any, 

returned to the e burned patche  in the fir t growing  ea on following pile burning. Future 

mea urement  will help u  to determine the amount of time it take  for vegetation to reoccupy the e 

burned area , and attain  imilar level  of vegetation cover a  area  that were not burned. 

Res lts 

Range  f c nditi ns sampled in the field 

Of the 124 pile  at WA38, 114 pile  were burned. Thirteen of the 18 pile  cho en to a  e   under tory 

vegetation and injury damage on  mall tree  were burned. We collected data for 127 large tree  within 

a tree-to-pile di tance ranging from 0 to 33 feet (Table 1). The number of burn pile  within 33 ft of large 

a pen tree  wa  39. For  mall tree , we collected data on 224 tree   urrounding 13 pile  and ranging in 

tree-to-pile di tance from 0 to 11 feet (Table 1). The e are the range of condition  to which our analy i  

and re ult  apply. 

Table 1. Stand-level summa y data showing the mean, standa d e  o  (SE), and  ange of data collected fo  aspen 

t ees and bu n piles at Wa d C eek (WA38). 

Data Va iable N Mean SE Min. Max. 

La ge t ees Dbh (in) 127 7.5 0.5 1 24 

(>1 in dbh) Ht (ft) 127 34.3 2.0 5 85 

Tree-to-pile di tance (ft) 127 12.4 0.7 0 33 

Crown  corch (%) 127 17.3 2.8 0 100 

Bole di coloration (%)* 127 12.9 2.1 0 100 

Average pile width (ft) 39 9.3 0.2 7 12 

Pile height (ft) 39 4.1 0.1 3 6 
3

Pile gro   volume (ft ) 39 193.5 12.0 78 485 

Small t ees Ht (ft) 224 3.4 0.1 0 9 

(<1 in dbh) Tree-to-pile di tance (ft) 224 5.2 0.2 0 11 

Crown  corch (%) 224 46.8 2.8 0 100 

Average pile width (ft) 13 9.1 0.3 7 11 

Pile height (ft) 13 4.0 0.2 3 6 
3

Pile gro   volume (ft ) 13 176.6 15.2 78 301 

*Per ent of tree  ir umferen e. 

For both tree  ize group , three multivariate logi tic model  were developed to predict the probability of 

an a pen  u taining a burn injury. The model  were: (1) “Any injury”: probability of  u taining any fire 

injury; (2) “Low  everity”: probability of  u taining a crown  corch > 33% or bole di coloration > 10 % of 

tree circumference; and (3) “High  everity”: probability of  u taining a crown  corch > 66% or bole 

di coloration > 20% of tree circumference. The latter two model  were cho en to a  e   different 

thre hold level  of crown  corch and bole di coloration. We hypothe ized that the thre hold level of 

crown  corch or bole di coloration in model 2 (Low  everity) would cau e  harp decrea e  in growth and 
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 ome mortality. The thre hold level  in model 3 (High  everity) are tho e we  u pect will cau e 

ce  ation of growth, and later, a pen mortality will likely occur. 

Analyzing injury pr bability 

The probability of a large tree (> 1 in dbh) being injured by fire (Any injury, Low or High  everity) wa  

related to gro   pile volume and tree-to-pile di tance (Table 2). A  quare root tran formation of gro   

pile volume improved model fit. Modeled probability of  u taining a burn injury decrea ed a  tree-to-

pile di tance increa ed and pile gro   volume decrea ed. In other word , a pen tree  were more likely 

to be injured when located in clo er proximity to larger pile . We tried model  including dbh a  an 

independent variable and found the dbh coefficient not  ignificant (P > 0.42),  ugge ting that the 

probability of  u taining a burn injury at a given pile-to-tree di tance and pile  ize wa  the  ame for large 

and  mall diameter tree . More likely i  that a larger  ample  ize i  needed and the re ult   hould only 

be regarded a  ‘indicative’. 

For  mall tree  (< 1 in dbh), injury probability wa   ignificantly related to tree-to-pile di tance, tree 

height, and gro   pile volume (for all three model : Any injury, Low  everity, and High  everity; Table2). 

Predicted a pen injury increa ed a  gro   pile volume increa ed and tree-to-pile di tance decrea ed. 

The model predicted higher rate  of injury for taller tree  than  horter tree  at an equivalent gro   pile 

volume and tree-to-pile di tance. Said another way, a pen < 1 inch dbh were more likely to be injured 

a  they grew taller, and were in clo er proximity to larger pile . 

Table 2. Logistic  eg ession coefficients (± standa d e  o ) and - 2 Log Likelihood statistic (-2LL) fo  aspen inju y 

p ediction equations following pile bu ning at Wa d C eek (WA38). Pi = p edicted p obability of inju y; Bo = 

inte cept, Bn = model coeeficients; ID = t ee-to-pile distance (ft); Gvol = G oss pile volume (ft
3
); Ht = T ee height 

(ft). 
0.5

Model fo m: Pi = 1/(1+exp (-(B0+B1*ID+B2*Gvol ))) 

B0 B1 B2 -2LL 

La ge t ees Any injury 0.7946 ± 2.7 -2.0460 ± 0.4 2.8975 ± 1.3 821.49 

(>1 in dbh) Low  everity -3.5770 ± 1.9 -1.7348 ± 0.3 3.5539 ± 1.0 801.38 

High  everity -3.5182 ± 2.4 -2.2305 ± 0.5 3.6996 ± 1.2 970.39 
0.5

Model fo m: Pi = 1/(1+exp (-(B0+B1*ID+B2*Ht+B3*Gvol ))) 

B0 B1 B2 B3 -2LL 

Small t ees 

(<1 in dbh) 

Any injury 

Low  everity 

High  everity 

-3.6805 ± 1.7 

-2.9076 ± 1.6 

-1.4056 ± 2.0 

-1.2119 ± 0.2 

-1.3256 ± 0.2 

-1.5858 ± 0.2 

1.7577 ± 0.4 
* 

0.3813 ± 0.3 

0 .6883 ± 0.3 

2.4518 ± 0.8 

1.9683 ± 0.7 
* 

1.1208 ± 0.9 

1145.43 

1041.53 

1115.96 

*Model coefficient not  ignificant (P>0.05). 

Pile width and v lume 

The injury model   hown in Table 2 need gro   pile volume a  an input. An average pile width-gro   

volume regre  ion wa  developed to facilitate implementation of the injury model  by predicting gro   

pile volume from pile width. Thi  equation allow  evaluation of pile burning pre cription  ba ed on pile 

width (a  uming pile   imilar in height to tho e mea ured at WA38; Table 1). Average pile width and 

gro   volume (Gvol) for the total number of pile  at WA38 (n=124) were u ed to develop the regre  ion  

(Figure 3). 
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Figu e 3. Relation hip between burn pile width (average of width and length mea urement ) and gro   pile 
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volume calculated by entering width, length, and height mea urement  into the pile calculator (Wright et al. 2009). 

Figure 4 wa  developed by applying the injury probability model  (Table 2) to three hypothetical pile 

 ize ; 6 ft, 9 ft, and 12 ft width burn pile . It  how  the effect of pile width on probability of injury for 

large and  mall tree , and can be u ed to develop interim pile burning guideline . Example  cenario  

repre enting different management objective  are pre ented in an “Application to management” 

 ection at the end of thi  report. 
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Effect of Pile Size on P obability of Inju y 

Aspen > 1” dbh Aspen < 1” dbh 
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Figu e 4. Predicted probability of a pen injury related to pile width and di tance from burn pile (e.g. where 

probability of 0.5 = 50% chance of injury) ba ed on pile and injury data from fall burning in 2011 at one  ite 

(WA38). Scenario A: 20% probability of “low  everity” injury; B: 0% probability of “Any injury”; C: 60% probability 

of “high  everity” injury to  mall tree . 
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Underst ry vegetati n 

The percent cover of under tory vegetation wa  high  urrounding burn pile  both before and after pile 

burning (Figure 5). The percent cover for herbaceou  vegetation wa  highe t with an average of 36 and 

38% for quadrat  pre- and po t-treatment, re pectively. The average cover for gra  , coar e woody 

debri , a pen,  hrub, and conifer categorie  were each le   than 10% for both mea urement  with only 

 light difference  occurring between pre- and po t-pile burning mea urement . Mo t intere ting wa  

that bare ground did not increa e between mea urement , e pecially within the quadrat  located 

clo e t to the burn pile  where we expected the pile burning to ‘creep’ beyond the pile area (i.e. N1, E1, 

W1, S1; Figure 2). Upon in pection, in mo t ca e  the fire did not extend beyond the burn pile area. In 

other ca e , we found evidence that the fire did extend beyond the burn pile area but percent cover for 

vegetation had already, within the fir t growing  ea on, returned to pre-burn level . 

(a) (b) 

Figu e 5. Po t pile burning treatment image   howing the pre ence of a pen and under tory vegetation (a) and a 

quadrat with 4% a pen ( ucker at center of quadrat) and herbaceou  vegetation and gra  e  covering the 

remaining 96% (b) at Ward Creek (WA38). 

For the area  located within the burned patche  (i.e. center and edge quadrat ; Figure 2), cover wa  

mo tly compri ed of bare ground and uncon umed wood, with an average cover of 91% for the e two 

categorie  (Figure 5a). The average percent cover for herbaceou   pecie  and gra  e  wa  6 and 2%, 

re pectively. Percent cover value  for a pen, fir , and  hrub  were le   than 1% within burned patche . 

Tallie  of new regeneration in ide the burned patche  indicated that the pre ence of a pen wa  lower 

than that of fir , and wa  found only in 5 of the edge quadrat  (Table 3). Fir  were found within 14 of 

the edge quadrat  and all of the center quadrat . 

Table 3. Summa y data showing the mean, standa d e  o  (SE), and  ange of data collected fo   egene ating 

aspen sucke s o  conife  seedlings pe  1m
2
within bu ned a eas following pile bu ning at one site, WA38. 

Location inside bu n pile Species N Mean SE Min. Max. 

Cente  A pen 13 0 0 0 0 

Conifer 13 10 1.92 1 21 

Edge A pen 26 1 .81 0 20 

Conifer 26 4 1.67 0 30 
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Application to management 

Example scenari s sh wing the p tential use  f Figure 4 

The following  cenario  are ba ed on preliminary data and model  collected from one  ite at Ward Creek 

(WA38). The model  will be improved upon after pile burning occur  in 5 additional a pen  tand  

around the ba in. 

A: If you are willing to accept a “low  everity” burn injury (but not a “high  everity”) on 20% of large 

a pen tree  near pile , what i  an appropriate pre cription for pile  ize and pile di tance from a pen 

tree ? 

Answer: 4 ft distance fr m 6 ft wide pile 

10 ft distance fr m 9 ft wide pile 

17 ft distance fr m 12 ft wide pile 

B: How far away do pile  need to be from large a pen tree  to en ure that zero damage from pile 

burning will occur? 

Answer: 15 ft distance fr m 6 ft wide pile 

20 ft distance fr m 9 ft wide pile 

25 ft distance fr m 12 ft wide pile 

C: Pile  are placed at lea t 3 ft away from  mall a pen tree  and are on average 9 ft in width. What i  the 

probability of a “high  everity” fire injury for tree  3 ft in height? 

Answer: 60% 

Applicati n instructi ns 

If you plan to build 6ft, 9ft, or 12 ft-wide pile  then read the Injury Probability directly from Figure 3. 

Other  cenario  can be evaluated by: Step 1 – plugging a pile width into the equation in Figure 3 (on the 

left) to get an e timate of gro   pile volume, and then Step 2 – plugging the gro   volume (Gvol) into the 

Injury Probability model given in Table 2. 
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