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Cover Photos:  Left– Monitoring of 
thinned fuel break at Tanacross (R.Jandt, 
2003). 

Right top– View of smoke column from 
the Tanacross fuel break:  showing dam-
age from 2012 wind event. (F. Keirn, Tan-
ana Chiefs Conference) 

Right center - Shear-bladed experimental 
treatment block at Nenana Ridge (D. 
Haggstrom, 2006) 

Right bottom— USFS FERA personnel do-
ing post-burn assessment at Nenana 
Ridge experimental shaded fuel break in 
black spruce near Fairbanks,  Alaska (R. 
Jandt, 2009) 

Burnout of masticated fuelbreak during the 2014 Funny River fire  (Photo credit:  Chena IHC). 
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Ft. Wainwright Demonstration Site 

This site off Holmes Road on Ft. Wainwright 
property near Fairbanks was treated in 2001 
by a cooperative effort of Tanana Chiefs Con-
ference (TCC) and BLM Alaska Fire Service.  It 
is one of 3 similar demonstration fuel treat-
ment sites created with Joint Fire Science pro-

gram (JFSP) funding (also see Delta-DBR and Nenana-TOG sites).  There are 4 
thinned treatments and an untreated control in 1-acre blocks in black spruce. The  
4 treatments consisted of thinning trees to 8 ft or 10 ft spacing with and without 
pruning ladder fuels.  Slash was piled and burned outside treatment blocks.  De-
tailed measurements of vegetation and fuel characteristics were collected pre– 
and post-treatment.  The pro-
ject completed with a final 
report in 20051.  Alaska Fire 
Service  repeated the vegeta-
tion measurements in 2006 to 
assess changes in canopy, 
understory, and surface fuels 
(see photos).  Several allied 
studies looked at various 
changes in the treatments, 
including duff moisture2, pre-
dicted fire behavior3,4, micro-
climate differences1,2, and 
active layer response (see 

also Delta-DBR and Nenana-TOG sites).  

Treatment Fuelbed Characteristics 

Canopy closure was reduced by about half on the thinned treatments, with tree 
densities down from an average of 3,000 stems/ac to less than 500 stems/ac.  
Crown fuel density was greatly reduced at all 3 demonstration fuel breaks in black 
spruce (see Table, below) as was estimated canopy fuel loading.   

Changes in treatment blocks after 
two  years included drying and 
death of feather moss2, deeper ac-
tive layers, and some stimulated 
growth of grass and shrubs.  Further 
development of understory vascular 
plants can be seen between 2001 
and 2006 (photos, next page).  In-
sect damage was not noted.   

Interestingly, one microclimate 
difference noted at Ft WW contrasts 
with other demo sites in that mid-
day relative humidity (RH) was high-
er in thinned units (Graph, next 
page). Slightly decreased tempera-
tures were noted on all 3 JFSP demo 

units (see graph, Nenana site), with 
the largest deviance from control temperature occurring at around 14:00 (solar 
noon in Alaska)1. One possible explanation is that spruce forest has such low sur-
face albedo (dark color) that it absorbs around 90% of incoming solar radiation5, 
which can be re-radiated as heat, and thinned units have less dense crown foliage 
for absorption and re-radiation. 

Fire Behavior Trade-Offs Analysis 

Steve Theisen’s analysis of predicted fire behavior at the Ft WW treatments indi-
cated slightly increased rates of spread but also higher crown fire initiation (CFI) 

Photos show an experimental block at FtWW before (left) and after (right) treatment in 2001 (8’ thinned block, 270°, R. Ott).  

Aerial view of Ft. Wainwright fuel treatments. 

CANOPY FUEL CHARACTER-

ISTICS, all JFS sites  

Treated stands    

(10’ spacing, pruned) 

Control stands  

(from Horschel, 2007) Ft WW Delta Nenana Ft WW Delta Nenana 

Canopy bulk density, kg/m3 0.07 0.12 0.15 0.34 0.45 0.23 

Avg. canopy base height, m 0.92 1.62 0.98 0 0.40 0.64 

Total canopy fuel load, T/ac 1.58 3.1 5.36 5.89 12.32 6.18 
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thresholds using BEHAVE3.  Horschel later analyzed data from all three JFSP 
Demonstration sites using NEXUS 2.0 (Scott 2004) which allows modification of 
canopy to be reflected in fire behavior models.  Her report on predicted fire be-
havior in  shaded fuel breaks suggested that the treatments did not preclude 
crown fire behavior4.  However, at the site with the densest pre-treatment canopy 
(Delta), passive rather than active crown fire behavior was predicted after thin-
ning. On the other hand, trade-offs included higher rates of spread in thinned 
units in dry conditions—in part due to increased mid-flame wind speed under 

open stands.  Simulations at the time of 
treatment indicated only moderate 
reduction in flame length and fire in-
tensity in the treated sites, but sub-
stantial reduction in the crown frac-
tions burned and crowning index, 
which may reduce spotting potential. 
(See NEXUS outputs table in Delta Bi-
son Range Site case study.) 

Treatment Cost 

Treatment cost of $7,650 ($1912.50/
acre) reflects the cost of tree thinning, 
re-locating and hand piling of slash 
outside of test treatment boundaries 

for four 1-acre treatment blocks but do not include the cost of slash pile burning. 
Burning was conducted in mid-winter (photo: below). 

Citations 
1Ott, RA and RR Jandt. 2005. Fuels treatment demonstration sites in the boreal 

forests of interior Alaska - JFSP Final Rep. Fairbanks, AK. 23 pp.  

2Jandt, RR, JL. Allen and EA Horschel. 2005. Forest floor moisture content and fire 

danger indices in Alaska. BLM-Alaska 
Technical Report 54. DOI:BLM. Anchor-
age, Alaska. 30 pp.  

3Theisen, Steve. 2003. An analysis of 
shaded fuel breaks on fire behavior. Tech 
Fire Mgmt 17. Fairbanks, AK: Bureau of 
Land Management, Alaska Fire Service. 
41 p.  

4Horschel, EA. 2007. Using NEXUS to 
Assess the Effectiveness of Experimental 
Black Spruce Forest Fuel Breaks to Re-
duce Crown Fire Potential in Alaska. UAF 
Res. Paper (unpubl.), 24 pp.  

5 Hall, FG, PJ Sellers and DL Williams. 
1996. Initial results from the boreal eco-
system-atmosphere experiment, BORE-
AS. Silva Fennica 30(2-3):109-121.  

Burning slash piles with leaf blower, 
2002. 

FtWW JFS post-Rx 2006 (8’ thinned block, 270°, J. Hrobak). FtWW JFS post-Rx 2006 (10’ P block, 90°, J. Hrobak) 

FW RH Diff (10P-C)
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Graph: Relative humidity (RH) hourly differences between 10x 10’ thinned and 
pruned,  treatment “10P” and control at Ft WW from 6/21—8/16, 2002 . 
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Ft. Wainwright Holmes Road Demo - 2015 update  

Repeat measurement of fuel characteristics and active layer were collected again 
in June, 2015 as part of a JFSP study on fuel treatment effectiveness duration and 
cost in Alaska1. Field work was carried out by the Tanana Chiefs Conference For-
estry Program and Chugachmiut Tribal Consortium.  

Fuelbed Lifecycle Changes 

After 14 years, thinned demonstration units had gained 4-7% overstory tree cover 
but recruitment of seedlings/small trees was not detected.  Likewise, crown mass 
showed slight but not significant gains in the 14 years post-treatment at FtWW 
(Table, below).  A release effect on remnant overstory trees was noted, especially 
in the early years post-treatment1 (see graphs, DBR Demonstration site).   

Although there was a trend toward more grass (especially Calamagrostis) and 
shrubs—particularly tall shrubs like willow—as seen in the thinned treatment pho-
tos, the effect varied between treatments and among the 3 Demonstration sites 
(see graph Nenana-TOG site).  Cover values at FtWW are shown in the Table on 
the next page—note that cover values for vegetation classes can exceed 100% 
because there can be multiple species in successive layers of the canopy. 

After 14 years, feather moss ground cover which was initially damaged and re-

duced by as much as half in treated blocks at all 3 demonstration sites, had mostly 
recovered.  Moss cover averaged 32-37% on pruned treatment blocks and 52-53% 
cover on non-pruned blocks at Ft WW (vs. 57% on the control).  

Active Layer Changes 

Thinned fuel treatments clearly affected the depth of seasonal thaw (active layer) 
but much less than alternative treatments such as shearblading2.  This thaw 
effect was noted in initial and subsequent post-treatment surveys  and as shown 
in the graph from September 2008 (right):  generally more thinning led to deep-
er thawing but all treatments were significantly different than the control plot in 
September.  In 2015 not much difference in active layers among treatments was 
measured at Ft WW, likely because it was surveyed in June when frost levels had 
just started to drop. 

Fire Behavior Trade-Offs Analysis 

Fire behavior models suggest the thinning treatments in black spruce at Ft WW 
continued to mitigate fire behavior potentials after 14 years relative to controls.  
Drury evaluated stand level fire behavior potential using both Behave Plus 6 

FtWW 8’ block, no pruning in 2015 (Plot 5, 0°, TCC). FtWW 8’ block, pruned in 2015 (Plot 2, 270°, TCC). 

2015 CANOPY FUEL      Treated Blocks  10X10 Control Blocks 

Shaded cell: ↑ or ↓ >  0.1 Ft. WW Delta Nenana Ft. WW Delta Nenana 

Canopy bulk density, kg/m3 0.08 0.18 0.24 0.31 0.76 0.27 

Avg. canopy base ht, m 1.26 1.78 1.84 0.05 1.61 0.77 

Total canopy fuel load, T/ac 1.63 4.53 7.35 5.28 16.22 5.74 

Tree tags/range pole (2001, J. Hrobak). 

Table:  Canopy fuel loads in 2015 at all 3 JFSP demo sites.  Pink or green cells indi-
cate significant increase or decrease, respectively, 14 years after initial treatment.  
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(https://www.firelab.org/project/behaveplus) and the Crown Fire Initiation Spread 
(CFIS) System (http://www.frames.gov/cfis) at nine different operational or 
demonstration fuelbreaks across Alaska1.  He used the SH5 fuel model for dense 
(control) black spruce stands and TU4 for the more open treatments.  Modeling 
FtWW at both the 70th and 90th percentile weather conditions produced flame 
lengths and fireline intensities much higher in the control block than shaded treat-
ment blocks (Graphs, next page). Although the 10 x 10-spacing with pruning to 4’ 
treatment (10P) consistently produced the lowest fire potentials, differences be-

tween treatment intensity was subtle compared to no treatment. However, at 
90th percentile weather scenario, differences in rate of spread (ROS) among treat-
ments and the control disappeared  at wind speeds over 10 mph.  Interestingly, 

units thinned to 8 x 8 spacing with no pruning (8) performed much like the most 
aggressive treatment (10P). This suggests that increasing treatment intensity may 
not substantially improve reductions in fire behavior potential1. Photos comparing 
representative 8’ and 10’P treatments– under 90th percentile weather conditions 
(1998-2018 period) obtained from the Ft. Wainwright RAWS— are on the next 
pages. 

Modeling crown fire initiation (CFI) threshold and ROS using CFIS showed less dis-

tinct differences between treatments and control, although the most aggressive 
treatment (10P) still showed the highest threshold for CFI (20 mph) and largest 
reduction in ROS.  Drury compared CFIS to BehavePlus 6 (and several other fire 
models) on an Alaska wildfire case study in an attempt to validate model predic-
tions and found CFIS overpredicted observed fire behavior by a factor of two, 
while BeHave slightly underpredicted or overpredicted depending the fuel model 
selected3. 

FtWW 2015 (10’ block, 0°, TCC) trees have reduced vitality. FtWW 2015 10 P (pruned block), Plot 1—180°, TCC).  

Graph: Mean active layer depth (cm) Ft WW control and treatments in Sept. 2008.  

Treatment Forb Graminoid Shrub Tree 

10x10 17.5 34.2 85.0 10.8 

10 x10P 9.2 5.8 99.2 20.0 

8x8 17.5 9.2 115.0 21.7 

8x8P 45.0 15.8 101.7 24.2 

Control 42.5 8.3 93.3 31.7 

      Table: % cover of plant life-forms at Ft WW in treatment blocks, 2015. 

Ft WW piling slash (2001, R.Jandt). 
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A Discussion on Fuel Model Se-

lection 

It’s worth noting a few practitioner 
tips for those who would like to 
conduct evaluations of fire behav-
ior potentials on other fuel treat-
ments.  Drury’s model validation 
work suggested that if using Be-
havePlus to model point-based 
black spruce stand fire potentials, 
the observed rates of spread he 
saw on an open-burning wildfire 
supported the use of a SH5 (tall 
shrub) fuel model3.  The Fuel Model 
Guide to Alaska Vegetation has 
more information and recommen-
dations4.  One rationale for this 
(besides attempting to replicate 
field observations) is that when 
black spruce burns, all fuel strata 
(surface, shrubs, overstory) tend to 
ignite and burn simultaneously as is 
commonly observed in shrub sys-
tems.  It has also been suggested 
that a different fuel model 
(Anderson FM9, adjusted up by 
1.2x) can be used in BehavePlus for 
more accurate ROS predictions 3,4.  

Citations 

1Little, JM et al. 2018. Evalu-
ating the Effectiveness of Fuel 
Treatments in Alaska.  Final 
Report: JFSP Project 14-5-01-
27, 97 pp.  

2Melvin, AM et al. 2017. Fuel-
reduction management alters 
plant composition, carbon and 
nitrogen pools, and soil thaw in 
Alaskan boreal forest. Ecol 
Appl, 28: 149–161.   

Above:  Differences among FtWW treat-
ment types and control (blue) for flame 
length (ft), rate of spread (chains/hr), 
fireline intensity (Btus/ft/s), and fire type 
chart using BehavePlus 6  and 90th per-
centile weather inputs based on FWW 
RAWS 1998-2018 data (83° F and 22% 
RH).   

Right:  Average hourly wind speed 
differences between the 10X10P treat-
ment block (10P)  and control block  at 
the FtWW  Site from 6/21—8/16, 2002 
(Ott and Jandt, Fig. 11).  

Ft WW:  Wind speed (10P– C), mph 
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3Drury, SA. (in preparation). The Magitchlie Creek Fire Case Study: 
Observed verses predicted fire behavior in an Alaskan black spruce 
forest system.   
4Barnes, et al. 2018.  Fuel Model Guide to Alaska Vegetation.  
(Unpubl. Report) Alaska Interagency Fire Modeling and Analysis 
Committee. 

Figure:  Crown Fire Initiation Spread (CFIS) System 
modeled differences among treatment types and 
control (blue) for probability of crown fire occur-
rence (%), crown fire rate of spread (chains/hr) and 
fire type chart at varying wind speeds under 90th 
percentile weather (Drury, unpublished data). Com-
pare to Behave outputs, previous page. 

     FtWW 2015 Plot 2 (8’ spaced, no pruning), 180°, TCC). 

FtWW 2015 Plot 4 (10’ spaced & pruned, 90°, TCC). 
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Delta Bison Range Demonstration Site 

The DBR experimental fuel treatment blocks 
(one of three demonstration fuel treatments 
funded by the Joint Fire Science Program—see 
FtWW and Nenana-TOG) are 30 miles south-
east of Delta (63° 44’ N x 144° 42’ E).  Treat-
ments were completed in 2002 by a coopera-
tive effort of Tanana Chiefs Conference (TCC), 

the Alaska DOF,  and BLM Alaska Fire Service. The  DBR site has 4 thinned treat-
ments and an untreated control in 1-acre blocks in black spruce. Treatments were 
thinning trees to 8 ft or 10 ft spacing with and without pruning ladder fuels.  Slash 
was dragged and piled outside the treatment unit perimeter. Detailed measure-
ments of vegetation and fuel characteristics were collected pre– and post-
treatment.  The sites were re-surveyed in 
2003 and the project completed with a final 
report in 20051.  Alaska Fire Service  repeat-
ed the vegetation measurements in 2006 to 
assess longer-term changes in canopy, un-
derstory, and surface fuels.  Hrobak (2004)2 
used conventional duff plug sampling as 
well as a conductivity instrument (Campbell 
Scientific DMM-600) to compare duff mois-
ture in treated and control sites.  Using 
measurements collected on the same days, 
she reported the thinned treatments had 
lower duff moisture in top organic layer and 

higher FWI’s2 compared to control plots.  

Treatment Fuelbed Characteristics & Changes 

Prior to treatment, average total live tree densities ranged from 3,566 to 5,337 
live trees/acre on the 3 demo sites, and was comprised entirely of black spruce at 
DBR1.  Thinning reduced live stem density 80-90% and removed almost all dead 
trees1.  On the 10P treatment, canopy closure was reduced from  60% to 14% after 
initial treatment (Jandt, unpubl. 2004 data).  Total canopy fuel load—highest of 

the 3 JFSP Demos —was 12.3 T/ac in 
DBR control vs. 3.1 T/ac in the 10P 
treatment (see Table, FtWW site).   

As at other demonstration thinning 
sites, live feather moss cover de-
creased rapidly in the initial years 
post-treatment, while vascular un-
derstory plant cover increased. Two 
years after thinning, live feather 
moss cover was reduced in thinned 
treatments at all three Demonstra-
tion sites by 28—35%, while at the 
same time, dead moss cover was 
recorded (21—28%). Wind damage 
was notable by 2006 at Delta, espe-

cially in the 10 ft thinned treatments 
(photo, next page).  Simultaneous microclimate monitoring showed that wind 
speeds in the most open thinning treatments averaged 1.5 (Ft WW, TOG) to over 2 
mph (DBR)  greater throughout the day than in controls (graph—see DBR 2015 
update).  Maximum hourly 10-ft wind speed at was 3.4 mph greater in the 10P 
than control block at DBR1. Active layer, duff thickness, and other microclimate 
changes were also described2,3. 

Fire Behavior Trade-Offs Analysis 

Horschel (2007) analyzed data from all three fuels demonstration sites in 2007 
using NEXUS 2.0 (Scott 2004) which allows modification of canopy to be reflected 
in fire behavior predictions, using both 70th percentile (moderate) and 90th per-
centile (hot, dry, windy) weather scenarios (see Table, right)4.  In short, fuel treat-
ments did not preclude crown fire behavior in predictions, although at the Delta 
site passive crown fire behavior (torching) was predicted at the treated blocks, vs. 
active crown fire behavior in the control block, but only in the hot/dry conditions. 
However, trade-offs in fire behavior were observed in that thinned stands were 
projected to have higher rates of spread, especially  in dry conditions (presumably 
due to increased mid-flame wind speed in opened canopy).  Simulations at the 

DBR untreated control in 2006 (0°, J. Hrobak). DBR thinned & pruned 10P treatment block 180 °, 2002 (R. Ott) 

Location of DBR Demo fuel breaks. 
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time of treatment indicated no change or moderate reduction in flame length and 
fire intensity in the treated sites, but substantial reduction in the crown fractions 
burned, which may reduce spotting potential.   

Treatment Cost 

The cost of fuel treatments at DBR was $9,280 ($2,320/acre). This reflects the cost 
of tree thinning and slash relocation to perimeter of treatment blocks.  Slash was 
not burned at the DBR site.  Differences in treatment costs among the 3 JFSP 

demonstration sites (see FtWW and TOG)  were due to several factors, including 
differing pay scales of the work crews, physical fitness of work crews, varying tree 
densities of treatment blocks, etc.1 

Citations 
1Ott, RA and RR Jandt. 2005. Fuels treatment demonstration sites in the boreal 

forests of interior Alaska - JFSP Final Rep. Fairbanks, AK. 23 pp.  

2Hrobak, Jennifer L. 2004. Effects of thinning in black spruce feath-
ermoss forests on duff moisture content and predicted fire behav-
ior. BS Thesis. 36 pp.  

3Jandt, RR., JL Allen, and EA Horschel. 2005. Forest floor moisture 
content and fire danger indices in Alaska. BLM-Alaska Tech. Report 
54. DOI:BLM, Anchorage, Alaska.  30 pp.  

4Horschel, EA. 2007. Using NEXUS to Assess the Effectiveness of 
Experimental Black Spruce Forest Fuel Breaks to Reduce Crown Fire 
Potential in Alaska. UAF Res. Paper (unpubl.), 24 pp.  

Delta 10 ft treatment block, 2006 (90°, J. Hrobak).  Delta 10P treatment 2006 (180 °),  windfall, grass. 

Table:  Simulated fire behavior potentials for  control or 10 x 10’—
pruned to 4’ base height —(10P)  treatments at 3 JFSP demonstra-
tion fuel breaks.  Table 7 (modified) from Horschel, 2007. 

Delta field work, 2006 (J. Hrobak).  

NEXUS 2.0 Simulation Outputs 

using 90th percentile (hot, dry, windy) 

weather conditions  at each Demo site 

(Horschel, 20074) 

Treatment 10X10P Control 

FtWW DBR TOG FtWW DBR TOG 

Type of crown fire passive passive passive passive active passive 

Crown fraction burned, fraction 0.08 0.57 0.49 0.43 1.00 0.72 

Spread rate, chains/hr 23 64 45 16 35 35 

Fireline intensity, BTU/ft 524 2058 1657 639 3367 1742 

Flame length, feet 8 25 21 11 45 25 

Effective midflame windspeed, mi/hr 6.7 11.2 9.2 4.4 6.0 6.8 

Torching index, mi/hr 0.8 2.4 1.1 0 0 0.1 

Crowning index, mi/hr 34 24 20 10 10 15 

Flame length for crown fire initiation, ft 2.5 3.7 2.7 0 1.4 2 
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Delta Bison Range Site - 2015 update  

Repeat measurement of fuel characteristics and active layer was conducted in 
2015 as part of a JFSP study on fuel treatment effectiveness duration and cost in 
Alaska1. Field work was carried out by the Tanana Chiefs Conference Forestry Pro-
gram (TCC). 

Fuelbed Lifecycle Changes 

Total canopy fuel load in 13-yr-old thinned treatments (3.6-4.7 T/ac) was still a 
quarter of that in the control unit (16.2 T/ac; see Table Ft WW).  Crown bulk densi-
ties in 2015 measured 0.14 to 0.21 in DBR treat-
ments and 0.76 kg/m3 for the control (based on 
crown mass after Cruz et al. 2003)2.  Interestingly, 
pruned units had slightly, though not significantly, 
higher canopy fuel loads than non-pruned units. 
This may indicate tree growth or “filling out” of 
canopies in opened  stands, as we observed a slight 
in average overstory cover, collectively, at all 
thinned treatments at the 3 Demonstration sites:  
up 5-7% for 10 X 10 spaced units and 4% for 8 X 8 
spaced units, while the controls were essentially 
unchanged (-0.6%).  DBR control canopy cover was 
64% in 2015 in the control and 22% in the 10 and 
10P treatments.  Thinning induced a positive 
growth response in surviving trees at all 3 Demon-
stration treatments—strongest at Delta (DBR) as 

illustrated on the graphs below.  

Surprisingly, tree growth and recruitment compensated for tree loss due to wind-
throw, which was notable at DBR (see graphs, bottom).  Six tagged trees were 
downed in the DBR thinned/pruned treatments within 2 years.  By 4 years, 21/709  
tagged trees (as well as many not tagged) had been downed by windthrow on the 

treatment blocks at all the Demon-
stration sites and a host of others 
were leaning.  No tagged trees 
were windthrown on the control 
plots. Wind damage and breakage 
is an important consideration for 
treatments in shallow-rooted spe-
cies.  We may want to investigate 
leaving clusters of trees in future 
treatments, as is now being done 
with some treatments of lodgepole 
pine in the western US (see 
“variable retention harvest” USFS-
RMRS). 

Shifts in understory vegetation 
were relatively mild, although wil-

low and shrub response can be seen in 
the photos.  Transects actually had more grass, sedge, and Equisetum horsetail 
cover on the control block than the treatments at DBR in 2015, but less Labrador 
tea. 

The surface cover of treatments was  still characterized by more litter (35-46% 

DBR 8P treatment, 90°, windthrow damage (TCC, 2015). Delta (DBR) 10P treatment with shrubs, 180 ° (TCC, 2015). 

Increase in diameter (DBH) of surviving tagged trees at 
Delta (DBR) was larger than other sites. DBR: N = 74 in 
2006, N = 35 in 2015 (missing control data). 

Non-pruned tagged trees grew more (measured by 
change in height) than pruned trees at Delta (DBR) but 
all grew more than controls at all sites. 
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thinned treatments, 2% control) and less moss than the control (45-52% vs. 88%).  
Organic layer thickness was about 30%  less in DBR treated areas than the control 
(22 cm vs. 32 cm).  This might also help explain the increased July active layer 
depth (graph, below) , which was greater in all treatments (66 -73 cm average) 
than the control in Delta (49 cm) although this was not true at the Nenana (TOG) 
site. 

Fire Behavior Trade-Offs Analysis 

Drury evaluated stand level fire behav-
ior potential using both Behave Plus 6 
(https://www.firelab.org/project/
behaveplus) and the Crown Fire Initia-
tion Spread (CFIS) System (http://
www.frames.gov/cfis) at nine different 
operational or demonstration fuel-
breaks across Alaska1.  He used the 
SH5 fuel model for dense (control) 
black spruce stands and TU4 for the 
more open treatments4.    Fire behav-
ior models suggest the thinning treat-
ments in black spruce at DBR contin-
ued to mitigate fire behavior poten-
tials after 13 years relative to controls, 
using the same methodology described 

in FtWW site update1.  Using BehavePlus 6, treatments all reduced modeled flame 
lengths. Rate of spread (ROS) was reduced in all treatments at the lower wind 
speeds but as wind speeds approached 15 mph the influence of fuels treatments 
rapidly diminished (See Figures, next page). Pruning seemed to result in a slightly 
greater chance of modeled canopy fire at wind speeds above 10 mph than the non
-pruning treatments1.  

As noted at FtWW, units thinned to 8 x 8 spacing with no pruning performed much 

DBR 8-ft, no pruning,  treatment, 0 ° (TCC, 2015). DBR 10-ft treatment with more shrubs, 90 ° (TCC, 2015). 

Graph:  One-way ANOVA of active layer depths at DBR site, July 3-23, 2015. All thinned 
treatments differ significantly (p < 0.05) from control. 

Table:  % cover of select understory species (absolute) at DBR in 2015.  

DBR, 2015 
Percent Cover:  

Understory Vegetation 
DBR Avg. 

Species 10  10P 8 8P Control Treated 

Grass 1.7 0.8 9.2 0.0 4.2 2.9 

Sedge 1.7 3.3 0.8 3.3 16.7 2.3 

Dwarf dog-

wood 0.0 0.0 1.7 4.2 0.0 1.5 

Crowberry 2.5 2.5 3.3 2.5 4.2 2.7 

Horsetail 5.2 2.5 1.7 2.5 14.1 2.9 

Labrador Tea 14.2 15.8 20.0 0.8 5.8 12.7 

Willow 2.5 0.0 8.3 1.7 3.3 3.1 

Blueberry 5.0 1.7 5.0 1.7 0.0 3.3 

Lingonberry 25.8 33.3 40.0 32.5 35.0 32.9 

11

https://www.firelab.org/project/behaveplus
https://www.firelab.org/project/behaveplus
http://www.frames.gov/cfis
http://www.frames.gov/cfis


like the most aggressive treatment (10P). This suggests that increasing treatment 
intensity may not substantially improve reductions in fire behavior potential1.  In 
fact, at DBR, the windiest demo site, BehavePlus-modeled fire behavior potentials 
suggest not pruning trees due to the trade-off with increased mid-flame wind-
speed and ROS.  Using CFIS (http://www.frames.gov/cfis) , weather appeared 
more influential than treatment, as probability of crown fire initiation at all DBR 
treaments and control quickly jumps to 100% as soon as mid-flame wind exceeds 
5 mph (hot, dry weather) or 10 mph (moderate weather; Figure, next page). As 
previously noted, live moss and dead moss dried substantially faster in thinned 
stands than controls3, but neither fire model allowed this type of  discrimination.  

Citations 

1Little, JM et al. 2018. Evaluating the Effectiveness of 
Fuel Treatments in Alaska.  Final Report JFSP 
Project ID: 14-5-01-27. xx pp.  

2Cruz, MG et al. 2003. Assessing canopy fuel stratum 
characteristics in crown fire prone fuel types of 
western North America. Intl Journal of Wildland 
Fire 12: 39-50. 

3Hrobak, JL. 2004. Effects of thinning in black spruce 
feathermoss forests on duff moisture content 
and predicted fire behavior. BS Thesis. 36 pp.  

4Barnes, et al. 2018.  Fuel Model Guide to Alaska 
Vegetation.  Alaska Interagency Fire Modeling 
and Analysis Committee. 

 

Figure: Differences among DBR treatment types 
and control (blue)—using a 70th percentile (70° F, 
30% RH) weather scenario— for flame length (ft), 
rate of spread (chains/hr), fireline intensity (Btus/
ft/s), and fire type chart using BehavePlus 6 (see 
following page for comparison using CFIS).   

Weather for 70th and 90th percentile profiles at 
DBR were based on 2000-2018 observations from 
the George Creek RAWS.   

Left: Flame lengths 
in 90th percentile 
weather condi-
tions (79° F, 21% 
RH). Differences 
between treat-
ment levels follow 
the same pattern, 
but require  5-10 
mph less wind 
speed.  
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Figure:  Crown Fire Initiation Spread (CFIS) System 
modeled differences among DBR treatment types 
and control (blue)—using a 70th percentile weather 
scenario—for probability of crown fire occurrence 
(%), crown fire rate of spread (chains/hr) and fire 
type chart at varying wind speeds. 

Photo: DBR Control plot, 270° (TCC, 2015). Photo: DBR 10P, 270° (TCC, 2015). 
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Nenana (TOG) Demonstration Site 

This demonstration site is located on Toghotthele Native Corporation lands 45 
miles southwest of Fairbanks near the village of Nenana.  It is one of 3 similar 
demonstration fuel treatment sites created with Joint Fire Science program (JFSP) 
funding (map, see also Delta DBR and Ft. Wainwright sites).  Studies were con-
ducted cooperatively by Tanana Chiefs Conference (TCC) and BLM Alaska Fire Ser-
vice (AFS).  There are 4 thinned treatments and an untreated control in 1-acre 

forested blocks on a gentle north aspect. The  4 treatments were thinning trees—
mostly black spruce—to 8 ft or 10 ft spacing with and without pruning ladder 
fuels1.  AFS  repeated the vegetation measurements in 2006 to assess changes in 
canopy, understory, and surface fuels.  Several allied studies looked at various 
changes induced by the treatments, including duff moisture3, predicted fire behav-
ior2, microclimate differ-
ences1, and active layer re-
sponse.  

Treatment Fuelbed Char-
acteristics 

Canopy closure was reduced 
from 50 to 30% at the Nenana 
10’-pruned (10P) treatments.  
Larger trees and more natural 
openings resulted in the least 
reduction in canopy fuel load-
ing of the 3 demo sites, from 
6.2 to 5.4 tons/ac (see Table 

FtWW site). 

Fuelbed Lifecycle Changes 

Changes in treatment blocks after 5  years included apparent recovery of live 
feather moss (80% cover on 10P in 2006), deeper active layers, and slight increas-
es in grass (both pruned treatment blocks had about 60% cover in 2006:  up from 
45% cover in 2001).  The TOG treatments had the least early change(2 years) in 
understory composition of the 3 demonstration shaded breaks.  Microclimate 

differences between the 10P block 
and control were recorded by 
paired weather stations. The 
thinned area was slightly cooler 
during the day, between 09:00-
21:00 (Graph, below), but had lower 
relative humidity  than the control—
up to 4-6% lower during the morn-
ing hours (Graph, right)1.  

Fire Behavior Trade-Offs 

Horschel (2007)2 examined modeled 
fire behavior changes using NEXUS 
and found the 10P treatment had 
21% higher spread rates predicted 
than the control. However, treat-

ment reduced flame lengths by 17% 
and crown fraction burned by a third.  Higher spread rates in thinned units ap-
peared to be a result of slight increases in mid-canopy winds (0.7 mph increase, on 

TOG 8’P site  pre-treatment 2001 (180°, R. Ott). TOG 8’ P site 2 years post-treatment 2003 (180°, R. Ott). 

Sign identifying demonstration  fuel treatments. 

Graph:  Average temperature difference  (°F, 10P - control) by time of day in 
thinned treatment at TOG.  (+) value means treatment was warmer. 
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average) and drying of the surface fuels.  Drier moss layers were documented in 
thinned units3,4 likely due to a combination of increased solar radiation, lower rel-
ative humidity and more wind in thinned blocks. Active layers were also consist-
ently deeper in TOG thinned treatments, only statistically significant in some 
years. In 2008, for example the 8’ treatment and the 10’P had significantly deeper 
active layers—55 cm and 53 cm, respectively—than the control (43 cm). 

 

Cost/acre 

Treatment cost of $2,097/acre reflects the cost of tree thinning and slash re-
moval/hand-piling for four 1-acre treatment blocks but did not include the cost 
of slash removal (outside treatment perimeters) or monitoring. Staff from Alas-
ka DOF accomplished the thinning work, which probably reduced costs relative 
to use of contracted resources. 

Citations 
1Ott, RA and RR Jandt. 2005. Fuels treatment demonstration sites in the boreal 

forests of interior Alaska - Final Report to the Joint Fire Science Program. 
Fairbanks, Alaska. 23 pp.  

2Horschel, EA. 2007. Using NEXUS to Assess the Effectiveness of Experimental 
Black Spruce Forest Fuel Breaks to Reduce Crown Fire Potential in Alaska, 

UAF Res. Paper (unpubl.), 24 pp. 

3Hrobak, Jennifer L. 2004. Effects of thinning in black spruce feathermoss forests 
on duff moisture content and predicted fire behavior. BS Thesis. 36 pp.  

4Jandt, RR, JL Allen and EA Horschel. 2005. Forest floor moisture content and fire 
danger indices in Alaska. BLM-Alaska Technical Report 54. DOI:BLM. Anchor-
age, Alaska. 30 pp.  

 TCC Forester Bob Ott installing a Hobo 
weather station for microclimate moni-
toring. 

TOG 8’ P site after 5 years (180°, J. Hrobak, 2006). Duff plug from TOG demonstration site  (R. Jandt). 

Graph: Average hourly relative humidity differences between the 10X10P treat-
ment block and the control (10P-Control) at TOG. Negative = drier treatment. 
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Nenana (TOG)  Demonstration Site  - 2015 update  

Repeat measurement of fuel characteristics and active layer at this Demonstration 
fuel treatment on Togotthele Native Corporation land was conducted in 2015 as 
part of a JFSP study on fuel treatment effectiveness duration and cost in Alaska1.  
Field work was carried out by the Tanana Chiefs Conference Forestry Program 
(TCC). 

Fuelbed Lifecycle Changes 

The Nenana (TOG) site initially had the most open and uneven stand structure of 
the 3 Demonstrations sites.  Canopy closure in 2015 (primarily black spruce with a 
trace of birch) averaged 20-31% on the thinned blocks (45% in control).  Treat-
ments  had canopy fuel loadings of 3.0-7.4 T/ac while the control had 5.7 T/ac in 
2015.  Interestingly, after 14 years, pruned units had slightly, though not signifi-
cantly higher canopy bulk densities (0.23-0.24 kg/m3) than non-pruned units (0.12-
0.18 kg/m3)—both lower than the control (0.27 kg/m3: crown mass after Cruz et 
al. 20032).  Perhaps tree canopies filled out somewhat in opened stands. 

After 14 years feather moss seemed fully recovered—comprising 82-89% cover of 
treatments and control.  A little more surface litter was recorded on treatments (9
-14%) relative to control (7%) but not likely to be significant.  Treatment block duff 
depths of 25-28 cm were only slightly less than the control (30 cm).  Positive verti-
cal and stem diameter growth responses were noted for tagged trees on the 
treatment block, which grew about 1/3 faster than trees on the control1 (see 
charts: DBR site).  Less competition for sunlight, water, or nutrients could be re-

sponsible.  The slight cooling effect previously noted under canopies of thinned 
stands could also aid tree growth by lengthening transpiration periods during the 
day3,4.  

Some shifts in understory vegetation were noted at all 3 Demonstration thinned 
sites (see Table-right). Bluejoint grass (Calamagrostis) cover was greater in treat-
ments at TOG (41-45%  cover in 10 X 10 treatments and 21-37% in 8 X 8 treat-
ments, vs. 10% in control) but sedge cover was up unexpectedly in the Nenana 

control (50% cover vs. 0-3% in 
treatments) which influenced the 
composite result (Table-right).  
Some ericaceous shrubs had in-
creased (Labrador tea—35% higher 
in thinned vs. control) but not oth-
ers (blueberry, dwarf birch). 

The active layer depth at TOG was 
previously noted to be very shallow 
and characterized by poorly 
drained gelisol soils4. Active layers 
sampled in August 2015 were not 
significantly different in treatments 
(43-45 cm) than control (41 cm).  
Fall measurements might have re-
vealed larger differences as the 

treatments were found to be thawed 
significantly more than the control in 

September, 2008.  

Fire Behavior Trade-Offs Analysis 

Fire behavior models suggest the thinning treatments in black spruce at TOG still 
reduced fire behavior potentials after 14 years relative to controls.  Drury evaluat-
ed stand level fire behavior potential using both Behave Plus 6 (https://
www.firelab.org/project/behaveplus) and the Crown Fire Initiation Spread (CFIS) 
System (http://www.frames.gov/cfis) at several operational or demonstration 
fuelbreaks across Alaska1.  He used the SH5 fuel model for dense (control) black 
spruce stands and TU4 for the more open thinned treatments5.  Modeling TOG at 
both the 70th (Figures, next page) and 90th percentile weather conditions using 
Behave Plus produced higher flame lengths and fireline intensities in the control 
block vs. shaded treatment blocks.  In hot, dry conditions the 10 x 10-spacing with-
out pruning (10 x 10)  produced the lowest fire potentials, while in moderate condi-
tions the 8 x 8 pruned treatment was lowest. However, at 90th percentile weather 
scenario, differences in rate of spread (ROS) among treatments and the control 
disappeared at wind speeds over 10 mph (Figure, right).  As with other JFSP Demo 

TOG 8’P, 180°, not much obvious change in understory cover 
after 14 years (TCC, 2015). 

TOG 10’, 0°, showing some tree loss due to wind or disease 
and grass/sedge (TCC, 2015). 
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sites, differences between most and least aggressive thinning treatments were 
subtle, and more treatment was not always “better”. This suggests that increasing 
treatment intensity may not substantially improve reductions in fire behavior po-
tential1. Photos comparing representative 8’ and 10’P treatments are on the next 
pages. 

Modeling crown fire initiation threshold and ROS using CFIS showed less distinct 
differences between treatments and control (Figure next pages). All treatments, 
including the control showed active crown fire above 5-10 mph wind speed. Drury 

compared CFIS to BehavePlus 6 (and several other fire models) on an 
Alaska wildfire case study in an attempt to validate model predictions 
and found CFIS overpredicted observed fire behavior by a factor of 
two, while Behave slightly underpredicted or overpredicted depend-
ing on the fuel model selected6. 

 

 

 

changeme 

Table: Average cover (%) for the most common understory plants over time on all 3 JFS demon-
stration fuelbreaks (TOG, FtWW, DBR).  Change is from one observation period to the next.  

Figure:  Differences in 
rate of spread (mph) 
among fuel treat-
ments and control at 
TOG using 90th per-
centile weather from 
the George Creek 
RAWS (79° F and 21% 
RH). 

Treatment Time Since 
Treatment 

Lingonberry Labrador 
tea 

Blueberry Willow Bluejoint 
grass 

Sedge 

8X8 Pre-treatment 39.2 32.7 7.7 5.5 8.7 0.8 

   2 yrs Post 34.1 29.6 6.8 4.8 0.5 12.5 

  Change -5.1 -3.1 -0.9   -8.1 11.7 

  14 yrs Post 37.5 36.1 7.8 5.8 10.0 3.1 

  Change +3.4 +6.5 +1.0 +1.0 +9.5 -8.6 

8X8P Pre-treatment 42.9 35.2 5.9 4.5 10.5 11.9 

   2 yrs Post 37.5 28.0 5.1 1.2 5.2 6.9 

  Change -5.5 -7.2     -5.3 -4.9 

  14 yrs Post 33.1 28.3 6.4 3.3 12.8 6.4 

  Change -4.4 +0.3 +1.3 +2.4 +7.6 -0.5 

10X10 Pre-treatment 41.3 26.9 3.3 5.7 12.4 13.5 

   2 yrs Post 28.9 22.7 3.5 2.5 1.7 12.9 

  Change -12.4 -4.3 +0.2 -3.2 -10.7 -0.5 

  14 yrs Post 29.7 27.5 7.2 3.6 21.9 5.3 

  Change +0.8 +4.8 +3.7 +1.5 +20.2 -7.6 

10X10P Pre-treatment 46.7 32.7 6.4 5.1 6.3 2.1 

   2 yrs Post 35.9 25.9 6.0 2.4 1.1 11.2 

  Change -10.8 -6.8     -5.2 9.1 

  14 yrs Post 36.1 28.6 5.0 3.1 15.3 3.1 

  Change +0.2 +2.7 -1.0 +0.6 +14.2 -6.0 

Control Pre-treatment 43.2 29.9 3.7 5.5 6.3 16.7 

   2 yrs  32.5 23.7 4.0 4.0 3.3 4.3 

  Change -10.7 -6.1 +0.7 -1.5 -2.9 -12.4 

  14 yrs  35.3 22.2 5.0 3.1 6.4 23.3 

  Change +2.8 -1.5 +1.0 -0.9 +3.1 +19.0  

TOG 10’P  is open, with snags and grass (10P-5, 180°;  TCC, 2015). 
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Above:  Differences among TOG treat-
ment types and control (blue) for flame 
length (ft), rate of spread (chains/hr), 
fireline intensity (Btus/ft/s), and fire 
type chart using BehavePlus 6  and 70th 
percentile weather inputs (70⁰F , 30% 
RH) from the George Creek RAWS.  See 
following page for CFIS comparison.  

 

Right:  Table of 2015 field-sampled fire 
behavior modeling input data at TOG.    

 TOG Fuel 
Treatments 

 Canopy Cover 
(%) 

 Average Cano-
py Height (ft) 

 Crown Base 
Height (ft) 

 Canopy Bulk 
Density (lb/ft3) 

8 x 8 spacing 29 23 4.2 0.0115 

10 x 10 spacing 20 24 6.5 0.0077 

8 x8 spacing 
pruning 

31 26 7.3 0.0141 

10 x 10 spacing 
pruning 

31 28 6.0  0.0152 

Control 45  18  2.5 0.0167 
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Graphs:  Crown Fire Initiation Spread (CFIS) System 
modeled differences among treatment types and 
control (blue) for probability of crown fire occur-
rence (%), crown fire rate of spread (chains/hr) and 
fire type chart at varying wind speeds under 70th 
percentile weather (Drury, unpublished data).  CFIS 
showed few differences between fire potentials at 
treatments vs. controls at TOG. 

TOG 10’ P thinned/pruned treatment in 2015 (Plot 

10P-5, 0°, TCC). 

TOG 8’ thinned treatment in 2015 (Plot 8-2, 180°, TCC). 

19



Nenana Ridge Experiment 

This research project led to the first quantified  results on the effects of fuel reduc-
tion treatments on fire behavior in Alaska. Treatments on 5-acre blocks in 2006-
2007 were thinned to 8 x 8 ft spacing and pruned to 4 ft under two different slash 
removal strategies: (1) haul away, (2) burn piles on site.  Separate blocks tested  
mechanical treatments (shear- blading in winter) with or without windrowing and 
burning on site (photos, map). Existing vegetation, including ground cover, under-

story and overstory trees, organic 
layer, and dead-down woody sur-
face fuels were inventoried pre– 
and post-treatment.  Fire behavior 
during the 2009 prescribed burn 
of Unit A was monitored using a 
combination of cameras, video, 
direct observations, and thermal 
dataloggers1. USFS Fire & Environ-
mental Research Applications 
team installed consumption plots 
in treatment units and the control 
vegetation.  

Treatment Fuelbed Characteristics 

Overstory canopy cover in control units ranged from 29-50% while Unit A thinned 
blocks had cover of 11 and 41% , respectively.  Control units ranged from 3,849-
7,531 stems/ha—95% black spruce—while thinning resulted in density of 2,359 
and 1,290 stems/ha for treatment A1 and A2, respectively2.  Mean tree age was 
82 years (n=47). Canopy fuel loading in Unit A thinned blocks was 0.41 T/ac, 2/3 
less than the control, but other fuels--shrubs, grass and dead  woody fuels were 

similar.  Typical of interior spruce/
feather moss fuelbeds, the forest 
floor fuel loading was the largest 
biomass component--about 95 T/
ac1.  Many project resources can be 
found on the treatment project 
page:  https://www.frames.gov/
partner-sites/afsc/projects/nenana-
ridge/  and in the JFSP Final Report2. 

Paired data (control and treatment) 
on wind speed, maximum wind 
gust, air temperature, and relative 
humidity was collected for 4 sea-
sons in Unit B.  Although at times 
readings in treatment/control were 
equal, overall the thinned treatment 

trended windier (by 0.25 m/sec or 
0.56 mph), warmer, and drier conditions than the control2.  Average difference 
seems small, but weather in the treatments was more variable—for example, the 
treatment site was up to  12⁰ F warmer, but only 7⁰ F cooler; likewise RH in the 
treatment was up to 60% drier but only up to  30% wetter than the control2.  

NR Plot A1 Control had dense spruce canopy pre-burn. NR A1 treatment block after thinning and slash removal. 

Photomap of Nenana Ridge Res-
arch Burn area showing plot lay-
out and grey line upper perimeter 
of 2009 burn (Rupp, 2011). Inside 
the green line was unburned. 

 

Figure: Difference in 
average wind speed 
(m/sec) Treatment 
minus control over 4 
seasons (Rupp et al. 
2011, Fig. 10)2.  Black 
line is no difference 
and red line is the 
average pooled 
difference (T-C) in m/
sec. 

20

https://www.frames.gov/partner-sites/afsc/projects/nenana-ridge/
https://www.frames.gov/partner-sites/afsc/projects/nenana-ridge/
https://www.frames.gov/partner-sites/afsc/projects/nenana-ridge/


Fuelbed Lifecycle Changes, 3-6 years 

Early post-treatment understory response to thinning was minimal, although by 3 
years post-burn, grass cover had replaced some of the feathermoss. Not surpris-
ingly, substantial changes in species composition in the shearbladed treatments 
were identified 3 years after the treatment: mosses had declined by approximate-
ly 50% while grasses and sedges had increased dramatically (42% cover vs. 1% 
cover in control plots in 2009)2.  Shrub cover in shearbladed treatments averaged  

8% and forbs 6% (control plots had 45% 
and 17% respectively).  A few hardwood 
seedlings had appeared. 

Active layer thaw depths on thinned units after 6 years  measured about 50 cm vs. 
40 cm in controls but were profoundly increased (almost 90 cm) on shearbladed 
treatments3. 

Cost/acre- 

Site preparation and layout  cost approximately $30,000 for the 40 acres treated, 
although inclusion of in-kind contributions of agency staff time labor would bring 
this up as high as $500,0002. The shear-blade treatment cost approximately 
$1,000/ac  vs. $1,875/ac  for the thinning treatment. The Joint Fire Science Pro-
gram provided approximately $300,000 to fund research from UAF and USFS, with 
additional matching contributions of about $100,000 from those agencies. Fire 
operations for the experimental burn of Unit A in 2009 cost about $440,000.  

Fire Behavior Trade-Offs During the Experimental Burn 

Fire behavior data from the prescribed burn generally validated the effectiveness 
of thinning treatments, in spite of slightly increased windspeeds and wind gusts 
(maximum hourly wind gust from paired observations average 2.2 mph greater in 
thinned blocks than in controls)2. Surface and live fuel moisture contents were 
measured prior to ignition:  Live moss moisture content about 47% (by weight) at 
ignition time4. This was on the high side for a burn window: an FFMC of 92 (which 
RAWS calculated for that day) should translate into 9% live moss moisture on the 
ground using Lawson’s equation, but local site conditions clearly were not that 

Hand crews thinning and removing 
slash at Nenana Ridge (R.Jandt, 2006). 

Shearbladed block A-3 without windrowing 2007. Shearbladed block A-4 with windrowing (D. Haggstrom). 

Nenana Ridge experimental burn, June 17, 2009, viewed from upper Hunter 
Road soon after active crownfire was induced at 3:38 p.m.  (R. Jandt) 
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dry, which contributed to initial difficulty in getting surface fire to spread.  Dead 
moss moisture content was 100%, a moderate DMC value of 53 (much lower than 
RAWS reading of 99 for the same index). The upper duff moisture content was 
121%, relatively dry for this layer and drought code (DC) calculated from this layer 
was 374, not that far off from the RAWS DC of 303 for the day. These fuel mois-
tures were taken by agency fire effects monitors: a separate set of measurements 
by USFS researchers reported in the Final Report for Nenana Ridge2, are some-
what different, illustrating variability induced by microsite variations and layers 

used for inference.  Generally, USFS found the live and upper moss were drier in 
treatments than in controls, but lower layers were moister2 possibly reflecting lack 
of canopy interception of precipitation. 

The thinned tree canopy did not support crown fire and the elimination of ladder 
fuels limited individual tree torching.  As the crown fire entered the south end of 
the treatment area A-1, it dropped to a surface fire, spotted ahead leaving burn 
patches, and eventually failed to spread into the north side of the treatment area 
(Photo, above)5.  Peak fire front temperatures dropped ten-fold in thinned treat-
ments1.   Although canopy burn severity was reduced in thinned treatments, no 
difference was detected in surface burn severity, as measured by consumption 
using duff pins2.  In the shearbladed treatments, the pattern used and the re-
sulting distribution of woody debris had dramatic consequences for fire effects in 
the units. In the A-4 treatment where fuel was piled into large horizontal wind-
rows and burned, only areas with remnant concentrations of woody material 
burned, leaving much of the grassy areas between the rows untouched4. In con-
trast, Unit A-3 had woody debris distributed more evenly around the unit (photo, 

previous page), and more remaining since piles were not big enough to burn in the 
winter. This unit had a high degree of substrate burn severity over much of its 
surface, particularly in the SE corner where patches of soil appear to be oxidized 
from sustained heat (photo, next page).  

Fire Behavior Trade-Offs During a 2015 Wildfire 

In 2015, Mother Nature conducted her own repeat test of the Nenana Ridge fuel 
treatments by burning replicate thinned but unburned treatments in Unit B.  Since 

research teams were not on hand at this event, data on fuel treatment effective-
ness comes from Alaska DOF personnel surveilling the fire and fire ecologist post-
fire surveys.  A recorded presentation is available on these observations6.  Briefly, 
post-fire survey indicates the 9-year-old thinned fuel treatments were still effec-
tive in reducing fire spread and 
intensity, leaving about 60% of the 
thinned unit as an unburned island 
surrounded by burn (Figure, right) 
and showing post-fire characteris-
tics of surface rather than crown 
fire7. 

At the SE corner of  the A-1 thinned block the fire behavior 
changed markedly. Green grass did not carry surface fire well, 
and tree canopies on the left are mostly intact (R. Jandt).  

High fuel moisture in the understory of A-2 thinned treat-
ment excluded even surface fire during experimental burn. 

Deep consumption in an untreated 
area near A-4 (R.Jandt, 2009). 

Figure: Green perimeter in NR 
thinned block B-4 shows area re-
maining unburned after challenge 
by a 2015 wildfire (Miller, 2015). 
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Nenana Ridge Experiment - 2015 update  

Repeat measurement of fuel characteristics and active layer at Nenana Ridge was 
conducted in 2015 as part of a JFSP study on fuel treatment effectiveness duration 
and cost in Alaska8.  Field work was carried out by the Tanana Chiefs Conference 
Forestry Program (TCC). Since the Unit A blocks had been included in the experi-
mental burn in 2009, data was collected on replicate Unit B blocks although B4 
was challenged by the 2015 wildfire (see previous). 

Fuelbed Lifecycle Changes 

Canopy closure in 2015 ( black spruce) was 13-33% on the thinned blocks with 600
-1,000 stems/ac  (50% in control; 3,400 stems/ac).  Thinned treatment canopy fuel 
loadings were about half of control plot loadings (3.5-5.6 T/ac vs. 8.4 T/ac on con-
trol).  Canopy bulk densities (0.24-0.26 kg/m3) were 1/3 of the untreated plot 
(0.89 kg/m3).  After 9 years feather moss on thinned treatments comprised 60% of 
the substrate cover (vs. 82-89% at 14-yr-old Nenana-TOG treatments) and 100% in 
the control.  Thinned treatments averaged 14% lichen substrate cover and 11% of 
the surface of plot B4 was recorded as ash—reflecting the partial incursion of the 
2015 wildfire.  Forest floor was thinner in 9-year-old shearbladed treatments (16.6 
cm) vs. thinned treatments or control (25+ cm; Table, right).  There were more 
down woody fuels on shearbladed units, which had 4.3-4.5 T/ac, than on thinned 
units (0.7-1.8 T/ac) with none recorded on the control plot8. 

Differences in understory vegetation were also noted.  Shearbladed blocks aver-
aged 39% grass/sedge cover, while thinned treatments had 12-35% and the con-
trol had just 13% (Table, below). Shrub cover—mostly ericaceous shrubs—was 
lowest on shearbladed treatments (23%) but 69-75% on thinned treatments.  The 
untreated plot had 63% shrub cover. Traces of birch and white spruce reproduc-
tion were noted in the shearbladed blocks. 

Mid-July is often too early to see large changes in active layer depth so it was sur-
prising to find that shearbladed blocks (B1 & B2) were already significantly more 

thawed than the control block in 2015 and so was the upslope thinned block B4 
(Figure, next page).  Block B4 (measured Aug. 11) was thawed almost 3 times as 
deep (139 cm) as the control plot (52 cm), although the control was measured last 
(Aug. 24) and should have been nearing its maximum thaw.  Melvin3 found 
thinned treatments comparable to control, while shearbladed units were thawed 
much deeper in 2013, although the date of sampling was not published. 

Fire Behavior Trade-Offs Analysis 

Stand level fire behavior potential  on the replicate Unit B at Nenana Ridge was 
evaluated in 2015 using Behave Plus 6 (https://www.firelab.org/project/
behaveplus)8.  The SH5 fuel model was used for dense (control) black spruce 
stands and TU4 for the more open treatments, while grass/shrub models were 

Shearbladed treatments showed high consumption of surface fuels during the 
2009 Nenana Ridge experimental burn (Plot A-3, SE corner, June 2009; R.Jandt). 

changeme 

Treatment —> 

Understory Species    

NR-B4 

Thinned

N=5 

NR-B3 

Thinned 

N=5 

NR-B1, B2 

Shearbladed 

N=10 

NR-Control 

Untreated 

N=1 

Bluejoint grass (Calamagrostis) 6.7 30.7 25.0 13.3 

Sedge (Carex sp.) 5.3 4.7 14.0 - 

Labrador Tea 21.3 22.7 6.0 20.0 

Blueberry 13.3 17.3 7.3 20.0 

Lowbush Cranberry 34.7 34.7 9.7 23.3 

Table: Average cover (%) for common understory plants in 2015 at Nenana Ridge.  
Values are absolute cover determined by point-intercept transects3.  

    Thickness (cm)  

Treatment 

Litter Live 
moss 

Dead 
moss 

Upper 
duff 

Lower 
duff 

NR- Thinned 3.0 2.9 4.1 8.0 7.4 

NR– Shearbladed 1.2 3.5 4.2 3.9 3.8 

NR Control 1.0 4.0 3.5 14.0 2.5 

Table: Average litter and forest floor layer thickness in 2015 at Nenana 
Ridge  (cm)3.  
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used for the shearbladed units.  
The control site continued to show 
higher fire behavior potentials than 
the treated sites (Figure, left) espe-
cially with respect to modeled 
flame lengths. Rate of spread was 
also less in the treatments at the 
lower wind speeds but as wind 
speeds approached 10 mph the 
shaded fuel treatments and control 
rates of spread converge. Due to 
complete canopy removal, the 
shear blade fuels treatments re-
duce canopy fire potential to zero. 
Shear blading showed the lowest 
modeled flame lengths and rates of 
spread.  Modeled fire behavior po-
tentials using 90th percentile 
weather (75⁰F, 28% RH) produced 
the same threshold patterns, but at 
lower windspeeds.  

Citations 
1Butler, B. et al. 2013. Quantifying 
the effect of fuel reduction treat-
ments on fire behavior in boreal 
forests, Can. J. For. Res. 43: 97–102.  
2Rupp, TS, R Ottmar and B Butler. 
2011. Quantifying the Effects of 
Fuels Reduction Treatments on Fire 

Behavior and Post-fire Vegetation Dynamics. JFSP Final Report – Proj. 06-2-1-
39, 21 pp. 

3Melvin, AM et al. 2017. Fuel-reduction 
management alters plant composition, 
carbon and nitrogen pools, and soil 
thaw in Alaskan boreal forest. Ecol Appl, 
28: 149–161. doi:10.1002/eap.1636  

4Jandt, Randi R. 2009. Nenana Ridge 
experimental fuel treatments - pre-
scribed burn June 17, 2009. Unpubl. 
BLM Report. 5 p.  

5Miller, EA, J Northway (Hrobak) and J 

Right:  Table of 2015 field-sampled 
fuels data for fire behavior modeling 
inputs at Nenana Ridge.    

 Nenana Ridge 
Treatment 

 Canopy Cover 
(%) 

 Average Cano-
py Height (ft) 

 Crown Base 
Height (ft) 

 Canopy Bulk 
Density (lb/ft3) 

8 x 8 Thin (B3) 23 21 4.9 0.0164 

8 x 8 Thin (B4) 33 24  4.7 0.0087 

Shearbladed 
(B1 & B2) 

 0 0 0 0 

Control 50 14 7.0 0.0554 

Above:  Differences among Nenana Ridge treatment types and control (blue) 
for flame length (ft), rate of spread (chains/hr), fireline intensity (Btus/ft/s), and 
fire type chart using BehavePlus 6  and 70th percentile weather inputs (68⁰F, 
38% RH).  Weather percentile was  
based on the Nenana RAWS 1998-2018.  
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Allen.  2009 Nenana Ridge Prescribed Fire Monitoring Report.  Unpublished 
BLM-Alaska Fire Service Rept. 9 pp. 

6Miller, EA. Presentation  on Nenan Ridge wildfire at the 2015 Fall Alaska Fire Sci-
ence Workshop [https://vimeo.com/143705483]. 

7Miller, EA. 2016. Forest thinning reduces crown fire behavior in Interior Alaska. 
Western Forester 61(1):17-18.  

8Little, JM et al. 2018. Evaluating the Effectiveness of Fuel Treatments in Alaska.  
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Nenana Ridge thinned & pruned block B3 in 2015 (B3-2E, TCC). 

Nenana Ridge untreated control block  in 2015 (Control-W, TCC). 

Nenana Ridge shearbladed block B2 in 2015 (Plot B1-4N, TCC). 

Figure: One-way ANOVA of active layer by treatment block at Nenana Ridge. 
Shearbladed treatments and thinned treatment B3  (measured July 16-18, 
2015) were already thawed more than the control. B4 (measured Aug. 11) was 
thawed almost 3 times as deep (139 ± 8 cm, N=50) as the control plot (52 ± 7 
cm, N=10), although the control was measured last (Aug. 24) and should have 
been nearing its maximum thaw. 
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Dot Lake Fuel Treatment 

Dot Lake is located on the Alaska Highway, 50 miles northwest of Tok, and 155 
road miles southeast of Fairbanks. It lies south of the Tanana River. The communi-
ty is home to about 45 people.  Dot Lake was mentioned in the Alaska DOF’s Fair-
banks North Star Borough Community Wildfire Protection Plan (CWPP)-- a collabo-
rative effort organized by the State of Alaska DNR after 2 large fire seasons  in in-
terior Alaska in 2004-2005.  The CWPP directs communities at risk of wildfire to 

develop a risk assessment and mitigation plan, and mentions that high resolution 
satellite imagery (2.5-m resolution) was acquired for planning around Dot Lake at 
that time.  Tanana Chiefs Conference worked with the village council on planning 
and implementing fuels reduction.  A shaded fuelbreak was constructed  on 20 
acres south of the village in 2008-2009 by the village council working under a fed-
eral funding agreement ad-
ministered by TCC Forestry 
department.  Some of the 
harvested biomass was used 
for the community boiler, 
which is used to heat several 
homes and a laundromat.    
The biomass was estimated to 
replace 7,000 gal of fuel oil  
annually1. 

Treatment Fuelbed Char-
acteristics 

Pre-treatment canopy was 

predominantly aspen with a maturing spruce understory (photos).  The prescrip-
tion was a shaded fuel break, with trees thinned (targeting especially the 
needleleaf understory) and slash hand piled and burned.  

Fuelbed Lifecycle Changes 

The approximate 12’ x 12’ spaced thinning treatment removed conifer and spared 
mature aspen—converting a mixed stand to a hardwood stand with a few spruce.  
Thinning by hand avoided much disturbance on the forest floor, so that shrub re-

production was not stimulated 
(compared to a mechanical treat-
ment with scarification of soils).  Pile 
burning in winter likely created 
some seedbeds suitable for shrub 
and grass regeneration. 

Cost/acre- 

A total of 20 acres was treated, at a 
total cost of $70,588.21, or about  
$3,530/acre. 

Citations 
1Nicholls, D. and T. Miles. 2009. 
Cordwood energy systems for com-
munity heating in Alaska—an over-

view. Gen. 
Tech. Rep. 
PNW-GTR-
783. Port-
land, OR: 
USDA, 
Forest 
Service, 
Pacific 
Northwest 
Res. Sta-
tion. 17 p. 

 

 

 

Dot Lake fuel reduction project 2010 (W. Putman, TCC). The thinning treatment spared mature aspen (TCC). 

Dot Lake biomass boiler (D.Swift 2005). 

Dot Lake fuel reduction project 2010 (W. Putman, TCC).  Red  

indicates treated area, green area proposed but not completed. 
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Dot Lake Fuel Treatment  - 2015 update  

Tanana Chiefs Conference Forestry Program (TCC) measured fuel characteristics in 
2015 as part of a JFSP study on fuel treatment effectiveness duration and cost in 
Alaska1.  Five plots were established in the treatment and 1 reference plot in adja-
cent untreated reference stand. 

Fuelbed Lifecycle Changes 

Overall canopy cover was 47% in the 
hazard fuel treatment area and 53% in 
the reference stand—very similar ex-
cept that the spruce component was 
altered:  7% white spruce in the treat-
ment compared to 20%  in the refer-
ence stand.  The treatment also had a 
little higher cover of aspen and a trace 
of birch.  As an understory vegetation 
component, these differences were 
larger, with the untreated reference 
transect showing 30% spruce and just 
37% aspen while the treatment had 
just 8% spruce and 46% aspen1. Sur-

prisingly, there was more grass cover in the untreated stand (67%) than the treat-
ment (20% grass/sedge cover).  Forest floor characteristics in these units were 
very similar though, and downed woody fuelbed component (4.6 T/ac treatment 
and 2.6 T/ac reference) varied mainly in the amount of medium-sized (1/4” to <3”) 
material. 

Dot Lake fuel treatment active layer depth ranged widely, from 20 to >80 cm (N= 
50), with the mean of 37 ±12 cm slightly exceeding the mean thaw on the single 

reference transect (29 ± 8c m, N=10) at the early sample date of July 8-10th, 2015.  
Floodplain soils here are well-drained and permafrost probably discontinuous or 
absent.   

 

Post-treatment photo of Dot Lake treatment (TCC, 2009). Burning the slash piles during winter at Dot Lake (TCC). 

Figure:  Dot Lake fuel treatment can 
be identified on this Google Earth© 
image from 2019 (yellow outline). 

Right: Untreated refer-
ence stand (DL-6W) in 
2015.  Note closer tree 
spacing and more spruce, 
compared to treatment 
(TCC 2015). 
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Fire Behavior Trade-Offs Analysis 

Point based fire behavior potential modeling was conducted using Behave Plus 6 
(https://www.firelab.org/project/behaveplus)1.  At Dot Lake, modeled fire behav-
ior potentials under average (70th percentile) weather conditions (69⁰ F, 31% RH) 
were identical in treated and untreated stands in winds up to about 40 mph 
(Drury, unpublished data).  However, under hot, dry (90th percentile) summer 
conditions some differences emerged.  Modeled fire behavior potentials were 

fairly similar in the treatment area and untreated reference site at wind speeds 
below 5 mph. At winds speeds between 5 mph and 15 mph flame lengths and 
rates of spread were greater in the untreated site, which was predicted to exhibit 
torching,  or passive crown fire.  As wind speeds approached 10 to 15 mph the 
treated site was predicted to transition to an active crown fire and the fire behav-
ior potentials were predicted to be greater in the treated site than the untreated 
reference (Table and graphs, next page).  

BehavePlus 6 is dependent on fire behavior fuel models (FBFM)2 for all surface 
fuel inputs. Drury assigned untreated and treated white spruce, mixed spruce, and 
mixed hardwood stands to FBFM TU 5 or TU 1 based on the relative amounts of 
spruce and hardwoods1: those predominantly spruce became TU5 while those 
predominantly hardwood became TU1 (Table, next page).  The choice of fuel mod-
el may be the biggest variable in determining the kind of fire behavior potentials 
that Behave will show us—which may be why, in the Dot Lake case as well as 
some southern Alaska sites, treatments did not seem to offer much benefit in fire 
potential reductions.  The benefits of these treatments then, will relate more to 
less quantifiable characteristics, like improved access for firefighting tactics, forest 

health, etc. It does seem counter-intuitive that treated stands showed canopy fire 
behavior potential at high windspeeds, however mid-flame windspeed would po-
tentially increase in the thinned stands, as evidenced by increased windthrow 
damage noted in the 9-year-old treatments.  In general, then, It is important to 
remember that the more the area is cleared or affected by post-treatment dis-
turbance such as wind throw the more likely the rates of spread will be increased 
due to increased drying of the surface fuels, conversion of forest to shrub and 
grass fuel types, and increased wind speeds at the surface when the canopy is 

removed.   

Citations 

1Little, JM et al. 2018. Evaluating 
the Effectiveness of Fuel Treat-
ments in Alaska.  Final Report: JFSP 
Project 14-5-01-27, 97 pp.  
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Standard fire behavior fuel models: 
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Photo: Dot Lake thinned fuel treatment (DL-3E) showing wind 
damage to spruce (TCC, 2015). 

Photo: Dot Lake thinned fuel treatment (DL4W) showing tree 
regeneration in understory plus windthrow (TCC, 2015). 

Photo: Dot Lake thinned fuel treatment (DL-1S) in 2015  (TCC). 
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Photo: Untreated reference stand (DL-6N) in 2015  (TCC). 

 

Table:  2015 field-sampled fire behavior modeling input data at Dot Lake.    

Fuel Treat-
ments 

 Canopy Cover 
(%) 

 Average Cano-
py Height (ft) 

 Crown Base 
Height (ft) 

 Canopy Bulk 
Density (lb/ft3) 

Dot Lake Treat-
ment (12’x12’) 

  
47 

  
46.7 

  
28.0 

  
0.0093 

Untreated ref-
erence 

  
52 

  
35.3 

  
20.4 

  
0.0014 

Figure: Dot Lake fuel reduction treatment (purple) and untreated reference stand (blue) 
modeled flame length (ft), rate of spread (chains/hr), fireline intensity (Btus/ft/s), and fire 
type chart using BehavePlus 6 and  90th percentile weather inputs (76°F and 24% RH, based 
on Dry Creek RAWS, 1998-2018).  Note that under mid-range windspeeds (5 mph to 15 
mph) fire behavior potentials were less in the treatment than the control, but this benefit 
disappeared after windspeed exceeds 20 mph, when more active fire behavior was predict-
ed in the treatment..  

Unit Name Treatment Type Fuel 
Model 

Dot Lake Untreated TU5 

 Shaded fuel break TU5 

Funny River Untreated (AKHD 09) TU5 

 Shaded fuel break TU1 

 Masticated GS1 

Tanacross Untreated TU1 

 Shaded/blowdown GS3 

Campbell Tract Untreated (AKHD 13) TU1 

 Shaded fuel break TU1 

 Cleared fuel break` GS3 

North Bean Untreated (AKHD 12) TU5 

 Treated TU5 

Hope Gate Untreated (AKHD 13) TU1 

 Treated TU1 

Table: Fuel models used for Behave modeling in 
white/mixed spruce and hardwood stands1. 
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Tanacross Fuel Treatments - Local residents, working with Alaska Fire Ser-

vice, received federal funding to reduce the fire risk and hazard by treating 39 
acres around the community of Tanacross in 2001 and another 27 ac in 2007.  
Residents wanted to minimize the visual and ecological impact of the shaded fuel 
break by using hand crews to treat the area instead of heavy equipment.  Three 30 
x 3 m permanent transects (photos, below) were established in 2001 to monitor 
changes in vegetation cover and were re-measured 1 - 5 and 8 years post-
treatment to assess changes in canopy, understory, and surface fuels1.  Allied 

studies looked at other changes subsequent to treatments, including duff mois-
ture,  microclimate differences, and active layer response1,2.  The fuelbreak was 
used operationally in May 2010 to defend the village from the Eagle Trail Fire (see 
video)3.  It was felt the treat-
ment was useful as a location 
for active defense and aug-
mented the safety and effec-
tiveness of burn-out opera-
tions3. 

Treatment Fuelbed Char-
acteristics 

Tree species were white 
(>50% of stems) and black 
spruce (Picea glauca, P. mari-
ana), aspen (Populus tremuli-
odes), and balsam poplar 
(Populus balsamifera) with a 

canopy closure of 63% pre-treatment.  Two years post-treatment canopy cover 
was 22%.  Thinning reduced  tree density (>1” DBH) by 80%, from 1,062 trees/acre 
to 230 trees/acre1 which equated to 14’ x 14’ spacing. This exceeded the contract 
specifications, which called for 12’ x 12’ spacing. 

Woody debris was a relatively minor fuelbed component:  after 3 years, treatment 
had reduced 1000-hr fuels from 2.7 to 1.4 tons/acre by the removal and piling of 
slash. However, fine (1-hr timelag) down 
woody fuel was up from 0.1 (pre-) to 0.6 

tons/acre.   

Fuelbed Lifecycle Changes 

The most notable immediate change was loss of viability of the feathermoss cover 
on the forest floor in the first two summers following the treatment:  from 50% 
live moss cover to < 5% (photo-2003).  After 8 years, live moss cover was still just 
5%1.  Graminoid cover increased from 6% (pre-) to 18% by year 5 (photo 2006), 
partly Calamagrostis but representing a wide variety of grasses.   Woody shrub 
(primarily willow) density  doubled from year 1 to year 5 post-treatment.  Insect 
damage from Ips engraver beetles (attracted to stressed trees and log decks in-
tended for firewood) caused additional mortality for up to 3 years post-treatment, 
with about 25% of remnant trees affected.  Then a severe wind event in Septem-
ber, 2012 with wind gusts up to 100 mph resulted in much windthrow (photo-
right) in and near the treated area and other openings like the river channel.   

Small trees and seedlings were initially reduced from by 2/3 to 1,500/ac after 
treatment but by 8 years regeneration was progressing (5,800/ac), especially for 
white spruce  and aspen1 (see charts, right). 

Tanacross T-19 pre-treatment in 2001 (0-30m view; R. Jandt). T-19 after 2 years, note moss decline (2003, 0-30m; R. Jandt). 

Aerial view of Tanacross fuel treatments (red) and 
original monitoring plots (blue dots; TCC , 2013). 

Year-old log decks and microclimate 
monitoring (2002, R. Jandt).  Some 
log decks remained 6 years on site. 
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We expected increases in active layer thickness after thinning due to more solar 
radiation and disturbance of ground cover.  Surprisingly, the frost layer was closer 
to the surface in July 2002 (42 cm vs. 55 cm) possibly due to surface subsidence, 
duff compaction, or reduced snow cover in 2001-2002 (paired control measure-
ments were not taken).  Active layer increased incrementally from year 2 to year 
8, slowly approaching (but slightly less than) pre-treatment depths2.  

Fuel Moisture Changes 

Duff moisture samples were collected in 
the fuel treatments during the summers of 2002-2003 in the treated and in adja-
cent “control” areas4.  The forest floor tended to be dryer near the surface under 
thinned units in both years. Live and dead moss layers were found to be 49% and 
36% drier, respectively, in thinned areas two years after treatment, although 
deeper duff layers from 7-15 cm were slightly drier in controls, possibly due to 

more canopy interception of precipitation.  Surface wind and mid-day tempera-
tures were slightly increased in the treated area, while midday relative humidity 
was somewhat lower; an effect which provided inhabitants some relief from mos-
quitos in summer, but also increased the ignition potential of the forest floor.  

 

Cost/acre 

A 20-person crew from the village of Tanacross did the thinning and piling by hand 
in 2001, treating about 1.5 ac/day.  With a budget of $143,000, costs ran about 
$2,167/ac not including training, equipment, oversight, and monitoring provided 
by federal agencies.  Additional adjacent acreage was treated in subsequent years, 
led by TCC forestry department, as well as mitigation for the wind event.   

Citations 
1Jandt, RR. 2009. 2009 Summary Report -Tanacross shaded fuel break AA39.  BLM-
Alaska Fire Service, Fairbanks, Alaska. 9 pp  

2DeFries, T,  H Smith,  and EA Miller. 2010. Tanacross Fuel Break. Presentation 
from 2nd Annual Alaska Fire Science Consortium Workshop, October 14-15, 2010, 
Fairbanks, Alaska.  

3Northway, C, M James, R Hurst. 2010. May 30 Eagle Trail Slideshow.  Alaska Inci-
dent Mgmt Team II, video. 

4Jandt, RR, JL Allen, and EA Horschel. 2005. Forest floor moisture content and fire 
danger indices in Alaska. BLM-Alaska Technical Report 54. Anchorage, Alaska: 
USDI Bureau of Land Management. 30 p.  

Re-sprouting aspen in Tanacross shad-
ed fuelbreak (2004). 

T-19 shows grass/brush in understory after 5 years (2006). Tanacross—aftermath of 2012 wind storm (F. Keirn). 

Charts: Change in average small tree (<1” DBH) species composition over 3 yrs.  
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Tanacross Fuel Treatments - 2015 Update. Tanana Chiefs Conference For-

estry Program (TCC) measured fuel characteristics in 2015 as part of a JFSP study 
on fuel treatment effectiveness duration and cost in Alaska1.  Due to the effects of 
the 2012 wind storm and other disturbances, only 1 of the 3 transects from 2000 
could be identified for re-sample (T20, next page).  Five new transects were estab-
lished—1 reference transect, 1 representing the original fuel treatment, and 3 
others in parts of the treatment that had suffered damage and mitigation from the 
wind storm.   

Fuelbed Lifecycle Changes 

Overstory trees were largely absent from treated sites during the 2015 re-survey, 
having succumbed to various effects, especially wind.  Canopy cover was just 6% 
in the “shaded” fuelbreak area:  4% white spruce and 2% aspen.  Feathermoss 
ground fuels had not re-developed, although moss was the 3rd most common 
substrate on transects (16% cover in 2015 compared to 50% pre-treatment and 
5%  in year 8) and is unlikely to re-develop given the lack of canopy. Treated (and 
wind-affected) transects in 2015 were predominantly underlain by bare soil (41%) 
or litter (39%).  Aspen regeneration represented just 4% of the cover after 14 
years, but young trees are now noticeable in the photos (right). Untreated refer-
ence transect had twice as much shrub cover as the treatment transects, primarily 
small-statured crowberry, twinflower, Labrador tea and lingonberry.  Treatments 
had most of these in small quantities plus rose and willow.  Grass/sedge cover 
increased from 6% pre-treatment, to 15% by year 8 and 22% after 14 years1,2.  The 
grass component was diverse and clumpy, interspersed with deciduous shrubs 
and aspen regeneration rather than a mat of perennial grass like Calamagrostis (as 
has been observed after clearing/disturbance in forests of southcentral Alaska).  

Perhaps the mulch left by degenerate moss duff and woody debris slowed grass 
spread as well as tree seedling establishment, or the site was too dry.   

Much large downed woody debris resulted from the wind event and some die-off 
of trees.  Although this had been largely mitigated by 2015, Tanacross still had the 
highest >3” woody fuel loading of all interior Alaska fuel treatments measured (8.8 
tons/acre). 

Tanacross fuelbreak active layer depth ranged widely, from 0 to >100 cm (N= 49), 

with the mean of 33 cm being slightly less than mean thaw on the reference tran-
sect (47 cm, N=10) at the early sample date of July 9th, 2015.  Floodplain soils here 
are well-drained and permafrost probably discontinuous at best.  Also, the forest 
floor has thinned considerably in the treatments, characterized by just 6 cm of 
undifferentiated duff beneath 2 cm of litter.  In contrast, the untreated reference 
transect had no litter and 21.5 cm of structured moss and duff, providing more 

Post-treatment with white spruce in T-19, 270° (R.Jandt, 2002).  2015: area by T-19 is non-forested—mostly grass, herba-
ceous cover and mineral soil (new plot ID = TX3, 270°, TCC). 

Table: Percent cover of common understory species  at Tanacross in 2015.  

Grass cover on 5-yr (front) vs. recent 
(back) treatment (J. Hrobak, 2006). 

Tanacross Transects 

Cover % 

Treatment (N=5) Reference (N=1) 

Grass 26.0 0 

Lowbush Cranberry 16.7 26.7 

Twinflower (Linnea) 4.7 16.7 

Labrador Tea 0.7 10.0 

White spruce (all sizes) 5.3 50.0 
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insulation in low snow or cold winters.  Since deciduous leaf litter has been shown 
to suppress feathermoss3, it is likely the change in forest floor composition on 
treated areas will be long-term. 

Fire Behavior Trade-Offs 

Point-based fire behavior potential modeling was conducted using Behave Plus 6 
(https://www.firelab.org/project/behaveplus)1. The canopy fuel loadings used are 
shown in the Table (next pages).  At the Tanacross site, spread rate and other 

modeled fire behavior potentials were higher in the fuels treatment area under 
both average (Table, below) and  hot, dry (90th percentile) summer conditions 
(Graphs, next page).   However, no active crown fire was predicted in the treated 
areas due to the lack of forest canopy, while active crown fire was possible at ra-
ther low wind speeds (15 mph) in reference stands using 90th percentile weather. 
Model results showing faster ROS in treatments is likely due to changing the fuel 
model from TU1 (timber-understory) to a GS3 (grass-shrub) model1, 4.  Mid-sized 
(10-hr and 100-hr) downed and woody fuel loadings were still a little higher in 

treated (and disturbed) stands than untreated reference stand in 2015.  This case 
study is a good illustration of several potential trade-offs which should be consid-
ered in planning:  insect response, wind damage, drying and potentially increased 
fire potentials1.  Benefits still may include tactical anchor point location and higher 
live fuel moistures during the summer as well as decreased crown fire potential. 

Citations 
1Little, JM et al. 2018. Evaluating the Effectiveness of Fuel Treatments in Alaska.  

Final Report: JFSP Project 14-5-01-27, 97 pp.  

2Jandt, RR. 2009. 2009 Summary Report -Tanacross shaded fuel break AA39.  BLM-
Alaska Fire Service, Fairbanks, Alaska. 9 pp  

3Jean, M. 2017. Effects of leaf litter and environment on bryophytes in boreal for-
ests of Alaska. PhD Dissertation, University of Saskatchewan, 224 pp. 

4Barnes, et al. 2018.  Fuel Model Guide to Alaska Vegetation.  (Unpubl. Report) 
Alaska Interagency Fire Modeling and Analysis Committee. 

10 years of change at a fuel treatment site near the Tanacross  

Aspen regeneration affected by leaf 
miner activity in 2006 (J. Hrobak).  

TAN20A-2006 TAN20A-2015 

cemetery.  Note aspen and shrub (Hrobak 2006, TCC 2015). 

Table:  Effect of treatment (and wind damage) on Tanacross fuel break fire po-
tentials (relative to control difficulty) modeled using Behave Plus (Drury, unpubl.) 
Treatment fuel model used was GR3 while reference transect model was TU1. 

Behave Plus   
70th percentile weather (70° F, 31% RH) 

Tanacross 
Reference 

Tanacross  
Treatment 

20 ft Windspeed when handline will no longer hold 
fire (flames > 4 ft) 

30 mph 3 mph 

20 ft Windspeed when control efforts at head of fire 
are no longer effective (flames > 11 ft) 

31 mph 17.5 mph 

20 ft Windspeed when handline will no longer hold 
fire (ROS > 5 ch/hr) 

30 mph 2  mph 

20 ft Windspeed when control efforts at head of fire 
are no longer effective (ROS > 20 ch/hr) 

31 mph 17 mph 

Torching Initiated 20 mph 5 mph 

Active Crown Fire Initiated 35 mph ----- 
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Graphs:  Modeled fire potentials at 
Tanacross fuel treatment (grey) and untreat-
ed control (blue) for flame length (ft), rate of 
spread (chains/hr), fireline intensity (Btus/ft/
s), and fire type chart using BehavePlus 6  
and 70th percentile weather inputs based on 
Tok (AKTAS) RAWS 2012-2018 data (70° F 
and 31% RH).  Note that fire behavior poten-
tials are HIGHER in treatments, except for 
the threshold for active crown fire. 

Photos:  Appearance of reference untreated 
transect (TX-5, left) and one of 5 treated  
transects (TX-2, right) in 2015 (TCC).  Fuel 
model TU1 (timber-understory) and GS3 
(Grass-shrub) were used for point-based fire 
behavior  modeling. 
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Graphs:   Modeled fire potentials at 
Tanacross fuel treatment (grey) and 
untreated control (blue) for flame 
length (ft), rate of spread (chains/hr), 
fireline intensity (Btus/ft/s), and fire 
type chart using BehavePlus 6  and 
90th percentile weather inputs based 
on Tok (AKTAS) RAWS 2012-2018 da-
ta (76° F and 24% RH).   

Table:  Canopy fuel loadings in the 
Tanacross fuelbreak areas were con-
siderably less than in the untreated 
reference transect in 2015. 

Photo of 2012 wind storm damage at Tanacross during clean-up June 26, 2013.  Note wildfire smoke column in background (F.Keirn,  TCC). 

Tanacross 2015 

Canopy Fuels 

Fuel        

Treatment 

Reference 

Transect 

Canopy Cover 

(%) 

6 43 

Avg. Canopy 

Height (ft.) 

48.4 34.8 

Crown Base 

Height (ft) 

5.2 2.9 

Canopy Bulk 

Density  (lb/ft3) 

0.000733 0.015 
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Campbell Tract Fuel Break 

The project resulted from a cooperative effort by Bureau of Land Management 
(BLM) and the Municipality of Anchorage to mitigate insect damage in a large 
wooded area around the Campbell airstrip (CTF) and BLM District office in south 
Anchorage. In 2001-2003, crews constructed the initial fuel break, removing dead 
white spruce and black spruce in dense stands around CTF facilities1.  Spruce 
stands were thinned to a minimum spacing of 6 ft and dead trees removed, leav-

ing live hardwoods, in an 80-foot wide corridor. Remaining spruce trees were 
pruned to five feet to eliminate ladder fuels. The breaks were intended to reduce 
the chance of fire entering or leaving Campbell Tract. Slash was transported to a 
central location for chipping and disposal or piled and burned over the next few 
years as weather and smoke dispersal conditions permitted (photo).  In 2011, fuel 
break maintenance was conducted on about 50 acres in a 150’-wide corridor 
stretching 1.8 miles from Abbot Community Park on Elmore Street to the junction 
of Birch Knob and Viewpoint trails (photo, right).  At the time there was considera-
ble windthrow damage due to a recent storm.  

Treatment Fuelbed Characteristics 

General estimates of canopy closure, canopy bulk density, and fuel loadings have 
been made for the Anchorage wildland urban interface (including CTF)1.  Cheyette 
et al. (2008) also developed custom fuel models which displayed  lower 1-hour 
fuel loads and much larger fuelbed depths than parameterized standard fuel mod-
els (Anderson 1982).  Cheyette estimated untreated closed spruce stands having 
65% canopy cover and 25’ average tree height had canopy bulk densities of 0.007 

lbs/ft3, canopy base height 3’, and fuelbed depth 0.8’.  These forests have seasonal 
frost but permafrost is discontinuous or absent in the Anchorage area. 

Fuelbed and Fire Behavior Studies 

Weather stations linked with probes to assess duff moisture were established at 
CTF in 2003-2004 with assistance from USFS Pacific Wildland Fire Science Labora-
tory (Rorig, et al.) in Seattle and a Joint Fire Science Program grant.  Weather  sta-
tions  with  time-domain reflectometer (TDR) probes  were deployed to assess fuel 

moisture in the dead moss and up-
per duff in real time4,5.  Forest floor 
sampling was conducted with this 
study, revealing that Campbell Tract 
upper layers were thinner and more 
dense—by a factor of 10— than 
interior Alaska samples (average of 
n = 5 samples,  3 dates, Table 1, 
photo).  Probes buried at 6 cm 
seemed to track well with the mois-
ture content of duff samples  and in 
2004 revealed that ground thawing 
occurred over a month earlier than 
interior Alaska, beginning in early 
April. The snow-free date at the 
Anchorage airport RAWS lagged 

behind by two weeks, possibly con-
tributing to an underestimation of duff fuel moisture drought by FWI’s that per-
sisted during the season4.  

Cheyette’s 2008 analysis us-
ing NEXUS (Scott 2004) sug-
gested less dense (more 
open) forest stands might be 
prone to higher intensity and 
faster moving fire behavior 
than closed stands, especial-
ly outside of growing season.  
This behavior was largely 
driven by thick cover of blue-
joint reedgrass 
(Calamagrostis) in the under-
story of these stands. 

Cost/acre 

Costs from the original treat-

Spring conditions and wind damage show high fire potential 
risk around Campbell Tract pre-treament (2009,  S. Rodman). 

CTF fuel break post-treatment piles in 2003 (180°, R. Jandt). 

Campbell tract airstrip and 

BLM compound 

2011 Fuelbreak 
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ment in 2001 were not immediately available.  The maintenance treatment on 50 
acres in 2011 employed a 20-person contract crew for a week of hand thinning 
and slash piling and a 5-person crew for pile burning on 50 acres and was budget-
ed at $65,000, approximately $1,300/acre. 

Citations 
1BLM. 2005. Campbell Tract Fire Hazards: BLM Manages Potential Fire Hazards at 

Campbell Tract. Anchorage, AK, BLM AFO. 

2Cheyette, D.L. 2005. Developing fuel models for the Anchorage wildland-urban 
interface using a forest  inventory. MSc thesis, UAF, Fairbanks, AK. 160 p. 

3Cheyette, DL, TS Rupp and S. Rodman. 2008. Developing fire behavior fuel models 
for the WUI in Anchorage, Alaska. WEST. J. APPL. FOR. 23(3): 149-158. 

4  Jandt, RR, JL Allen, and EA Horschel. 2005. Forest floor moisture content and fire 
danger indices in Alaska. BLM-Alaska Tech. Rep. 54. Anchorage, AK. USDI -
BLM, 30 p.  

5Ferguson, SA; J Ruthford, ML Rorig, and DV Sandberg. 2003. Measuring moss 
moisture dynamics to predict fire severity. In: Galley, KEM; et al. (eds), Pro-
ceedings of Fire Conference 2000: 1st National Congress on Fire Ecology, Pre-
vention, and Management, Nov 27-Dec 1, 2000. Misc. Publication No. 13. Tall 
Timbers Research Station. Tallahassee, Florida. pp. 211-217.  

 

USFWS Gene Long during CTF fuelbreak 
operation (2003, R. Jandt). 

CTF thinned stand around communication site (BLM 2003). Measuring forest floor duff characteristics at CTF (R. Jandt). 

Table: Average bulk densities (g/cm3) of forest floor layers recorded across 
Alaska thinned fuel treatments and controls4. 

Below: in 2009, previously treated 
sections show heavy grass and some 
wind damage (S. Rodman, 2009). 

Site Live Moss Dead Moss Upper Duff Lower Duff 

FtWW JFS 10’ x 10’ P 0.021 0.033 0.076 0.186 

FtWW JFS Control 0.024 0.030 0.036 ** 

Campbell Tract 0.050 0.207 0.425 0.983 

Tanacross - Control 0.009 0.024 0.044 0.075 

Tanacross - Thinned 0.018 0.035 0.063 0.091 

May Creek untreated 0.021 0.042 0.106 0.279 

FtWW (Wilmore 2001) 0.012 0.021 0.041 0.107 
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Campbell Tract Fuelbreak - 2015 update  

Repeat measurement of fuel characteristics at this operational fuel treatment was 
conducted by Chugachmiut forestry staff in 2015 as part of a JFSP study on fuel 
treatment effectiveness duration and cost in Alaska1.  The site has a combination 
of WUI shaded fuel break in mixed spruce affected by bark beetle (plots N=10) and 
cleared fuelbreak where slash was piled and burned (plots N=8) covering roughly 
200 ft by 2 miles.  Hand crews were used to accomplish the treatments. Pho-

topoints (N=16) 
established in untreated reference stands were used to select a fuel model for the 
fire behavior modeling comparisons (see photo figure next pages)1.  

Fuelbed Lifecycle Changes 

No immediate post-treatment monitoring data was available from former years, 
but by 2015 the following stand characteristics were observed:  shaded fuelbreak 
areas were dominated by birch (44%) with some white spruce (3%) and willow 
(1%) for a total canopy closure of 48%.  Canopy trees averaged 8” diameter (DBH) 
and up to 40’ tall. The cleared fuelbreak lines had just 4% canopy cover—all 
birch—although the line passed thru black spruce stands.  Understory composition 
differed considerably between treatments (Table, right).  Fern and luxurious forb 
cover (especially dwarf dogwood) was prevalent in the shaded fuelbreaks but not 
in the cleared ones.  These types of surface fuels tend to have high live fuel mois-
ture during the growing season. Although overall graminoid cover was similar, 
shaded fuelbreaks had mostly Calamagrostis (22%) while in the cleared fuelbreaks 
there was half sedge and half Calamagrostis (9% each), with more in pockets 
where burn piles had been.  Measurements began in early June at Campbell Tract, 

so grass cover would likely have been higher by late summer after peak growth.  
More willow, and other shrub cover was found in the cleared fuelbreaks.   Subsur-
face fuelbeds also differed between the treatments, with predictably more litter 
(5%; see Table, next page) in the shaded fuelbreaks with birch canopy, and thicker 
moss duff in the fuelbreaks which had more black spruce/feathermoss before 
treatment.  Shaded fuelbreaks had 7.9 T/ac of downed woody fuel loading—
mostly > 3” fuels, while cleared fuelbreaks had just  2.6 T/ac1. 

Fire Behavior Trade-Offs Analysis 

Drury evaluated stand level fire behavior potential using both Behave Plus 6 
(https://www.firelab.org/project/behaveplus) and the Crown Fire Initiation Spread 
(CFIS) System (http://www.frames.gov/cfis) at several operational or demonstra-
tion fuelbreaks across Alaska1.  Fuel characteristic inputs for the untreated refer-
ence stand at 
CTF were esti-
mated using 
the data from 
the Natural 
Fuels Photoser-
ies2  AKHD_13.  
Fuel model se-
lection was TU1 
for both the 
shaded treat-
ment and un-
treated refer-

Chugachmiut, ADF&G and TCC forestry staff survey the CTF 
fuelbreak (Chugachmiut, 2015). 

CTF shaded fuelbreak, Plot 1-N (Chugachmiut 2015). CTF cleared fuelbreak, Plot 6-E (2015). 

Treatment —> 

Understory Species    

Cleared 
Fuelbreak 

N=8 

Thinned 
Fuelbreak 

N=10 

Ferns — 9.7 

Grasses & sedges (esp. Calamagrostis) 18.3 23.3 

Forbs (fireweed, dogwood, etc.) 7.0 48.3 

Shrubs (willow, Labrador tea, etc.) 43.3 20.3 

Trees (esp. paper birch) 8.3 48.0 

Table: Average cover (%) for common understory plants in 2015 
at CTF.  Values are absolute cover determined by point-intercept 
transects1.  
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ence sites and GS3 for the cleared fuelbreak in this example3. 

BeHave-modeled fire behavior potentials in the thinned fuel break and the un-
treated reference stand were similar (Figure, next pages). All fire behavior poten-
tials tended to be higher in the cleared fuel treatment area than other treatments, 
likely a result of the grass-shrub fuel model choice and higher mid-flame wind-
speeds with less cover. The higher ROS observed in the cleared fuelbreak at both 
70th and 90th percentile weather (Figures, next pages) illustrates a potential trade
-off of clearings, in that 
fires which start within the 
breaks or reach them be-
fore fireline can be an-
chored by water treat-
ments or burnouts could 
move faster than in sur-
rounding forest I the right 
conditions. Using the CFIS 
model produced some-
what different outputs 
(Figure, next pages), with 
most fire behavior poten-
tials remaining lower in the 
cleared fuelbreak.  The 
difference is likely due to 
the way the two modeling 
systems handle crown fire 
initiation in different fuels, 
but CFIS low levels of canopy fire in the cleared fuel-
break seem fairly credible. 

During a 2017 expert cadre exercise with managers, 
spatial fire modeling runs were prepared to exam-
ine tactical use and potential suppression cost off-
sets using a simulated ignition in Campbell Tract1.  
This type of fire potential  modeling (examples pic-
tured, right) is often used to plan fuel treatments 
and contingency planning in the WUI.  In this exam-

ple the simulated fire took slightly longer to burn into nearby neighborhoods and 
schools (see Figure, below), and was 50% larger 1 hour after ignition (193 ac), 
when the fuelbreak was not present compared to when it was present (129 ac; 
Drury, unpublished data).  More time during the early initial attack phase of a WUI 
fire has proven critical to operational successes noted at other incidents, like the 
Funny River and Card Street fires on the Kenai.  Compared to the BeHave point-
based results it is clear how much influence selection of fuel model has on out-
come. 

CTF untreated reference photoplot (2-S NT, Chugachmiut, 2015). 

        Thickness (cm)  

CTF Treatment 

Litter Live 

moss 

Dead 

moss 

Upper 

duff 

Lower 

duff 

Cleared Fuelbreak 1.1 3.8 5.4 7.6 12.4 

Shaded Fuelbreak 4.9 2.7 3.0 4.9 6.5 

Table: Average litter and forest floor layer thickness (cm) in 2015 at CTF 1.  

Figure (right):  Expert elici-
tation exercise—short term 
fire behavior analysis for an 
ignition by CTF with (right) 
or without (left) a cleared 
fuelbreak.  Flamelength av-
eraged 2’ in the fuelbreak
(55’ outside) and ROS 8 ch/
hr (15 ch/hr outside). 

CTF cleared fuelbreak, Plot 6-W, showing shrubs (Chugachmiut, 
2015). 

Modeling assumptions: Winds-25 mph, Temperature-85⁰ F, RH-25%, 1-hr FM 3%, 
10-hr FM 4% (FFMC 96), 100-hr FM 5% (DMC 110-120).  Dark blue represents the 
first hour and light blue the second, with major flowpaths in yellow.  The arrow 
points to fire incursion in neighborhoods to the south. 
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Table:  2015 field-sampled fire behavior modeling input data at Campbell Tract. 

 
Campbell Tract  

Canopy Cover 
(%) 

Average Cano-
py Height 

(ft) 

Crown Base 
Height 

(ft) 

Canopy Bulk 
Density 
(lbs/ft3) 

Cleared fuelbreak 4 13.4 2.5  0.00037 

Shaded fuelbreak 48 42.7  14.0 0.007 

Control (AKHD 13)2 Not recorded:  

likely 80-90% 
31 15 0.009 

Figure:  Differences among CTF 
treatment types and control 
(blue) for flame length (ft), rate 
of spread (chains/hr), fireline 
intensity (Btus/ft/s), and fire 
type chart using BehavePlus 6  
and 90th percentile weather 
inputs (72⁰F , 32% RH) from the 
Campbell Creek RAWS (2008-
2018).  Modeled fire behavior 
potentials for the control and the 
shaded fuel break (TU1 used)
were equivalent, both considera-
bly lower than the cleared fuel-
break (GS3): contrast with CFIS 
results (next page). 

The treatment type table shows 
no crown fire predicted at any 
site, due to high crown base 
height in forested plots and mini-
mal canopy (primarily shrub) in 
cleared fuelbreak. 

Citations 

1Little, JM et al. 2018. Evaluating the Effectiveness of Fuel Treatments in Alaska.  
Final Report: JFSP Project 14-5-01-27, 97 pp.  

2Ottmar, RD and RE Vihnanek. 2002. Stereo photo series for quantifying natural 
fuels: Volume IIa: hardwoods with spruce in Alaska. PMS 836. NFES 2668. 
Boise, Idaho: National Wildfire Coordinating Group. National Interagency 
Fire Center. 41p.  https://depts.washington.edu/nwfire/dps/ 

3Barnes, JL et al. 2018. Fuel model guide to Alaska vegetation. AWFCG: Alaska 
Fire Modeling and Analysis Committee. 105 pp. https://www.frames.gov/
afsc/partners/frdac/activities-products  
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Figure:  Crown Fire Initiation Spread (CFIS) System 
modeled differences among treatment types and 
control (blue) at CTF for probability of crown fire 
occurrence (%), crown fire rate of spread (chains/hr) 
and fire type chart at varying wind speeds under 
90th percentile weather (Drury, unpublished data).  
CFIS results differed from Behave, showing crown-
fire potential at windspeeds over 10 mph 
(untreated) and 15 mph (shaded fuelbreak) but 
none in the cleared fuelbreak. 

Photos: This illustrates the process 
used to select fuel models for inputs to 
BeHave and short-term fire behavior 
modeling programs from sample plots 
and paired photoplots along the CTF 
fuelbreak using the Natural Fuels Pho-
toseries IIA: Hardwoods with spruce in 
Alaska2. Fuel types varied considerably 
along the length of the fuelbreak. 
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Funny River Fuel Break 

Kenai NWR began the planning process for a shaded fuelbreak between Soldotna 
and the Refuge boundary along Funny River Road in 1998. Implementation was 
done in stages, beginning in 1999-2003, using both machine (mastication) and 
hand treatment (thinned stands) resulting in about 145 acres treated in a 6.5-mile 
fuel break1 (Map, below).  The width of cleared line varied from 150’ to 500’ de-
pending on conditions.  Slash from thinning treatments was piled for burning. 

Mature forest in 
the area has 
been affected by 
a spruce bark 
beetle outbreak 
starting in the 
mid-1990s that 
infected over 
1.06 million acres 
on the Kenai Pen-
insula with 80 - 
90% mortality of 
mature white 
(Picea glauca) 
and Lutz spruce 
(P. x lutzii) trees2.  
This outbreak 
opened the for-

est canopy, allowing proliferation and persistence of native grasses (primarily Cal-
amagrostis canadensis) as pure stands or in the understory of remaining forests.  

Treatment Fuelbed Characteristics—Forest along the fuelbreak graded from 
closed coniferous with a predominance of white spruce to closed seral hardwood 
stands composed mainly of birch. Pre-treatment stand data from 2012 on CIRI 
corporation land showed black spruce the dominant species there (10/23 plots 
yielded pure stands).  Another 5 plots had mixed black/white spruce and aspen, 

while 7 plots were dominated 
by white spruce with varying 
minor components of birch, 
poplar, and alder (Alaska DOF 
data, H. Rinke).  In 2015, over-
all forest composition along 
the fuelbreak was similar, alt-
hough post-treatment canopy 
closure now averaged just 27% 
in the thinned (“shaded”)
fuelbreak and 9% in sections 
burned in 20143. In thinned 
sections, paper birch now was 
the dominant species —14% of 
that canopy (N = 360) with 
white/mixed spruce second 

(9% ), plus 3% poplar. In the 
burned part of the shaded fuelbreak, white spruce dominated an open canopy 
(9% overall tree cover comprised of 6% spruce, 2% birch and 1% poplar). 

Funny River shaded fuelbreak in 2015 (FRSH6, 90°, Chugachmiut). 

Untreated reference plot (FR UT5, 90°, 2015, Chugachmiut). 

Map:  Location of Funny River fuelbreak (purple lines) in relation to Soldotna 
and the north edge of the 2014 fire (red), from Saperstein et al.1 
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Downed woody fuel loadings at Funny River were greatest (15 T/ac) in the por-
tions of the shaded fuelbreak which had burned in 2014 (Table, below).  Fire-killed 
trees contributed to part of this.   

Understory vegetation composition differed among the treatments in 2015 (Table, 
next page).  Notably, the burned shaded fuelbreak plots had double the amount of 
grasses and grass-like fuels, and of tree regeneration.   In contrast, the masticated 
break was not producing much hardwood regeneration (i.e. not much browse 
available for moose). 

Fire Behavior Trade-Offs Analysis 

Operational Observations:  During 
the 2014 Funny River Fire, the fire 
team felt the just-completed shaded 
fuel break along Funny River Road on 
the fire’s northen edge helped fire-
fighters stop the fire on the road4.  
The fire started May 19 and driven by 
15-25 mph winds from the NE, ran 
over 6 miles in 6 hours.  The presence 
of a pre-constructed fuelbreak al-
lowed time to get crews and hose in 
place on the mechanical fuel break 
south of the community of Funny Riv-
er. Without these fuels treatments it is 
highly likely homes would have been lost on the northern flank. Fuelbreaks ena-
bled suppression resources to hold the fire south of populated areas by changing 
fire behavior and providing areas for firefighters to safely conduct burnouts 1,6.  It 
is important to remember these fuelbreaks were designed to serve as anchor 
points, not to stop fire on their own, as was noted again in the 2016 Card Street 
fire near Soldotna7. Burnable material is still present within fuelbreaks.  Saperstein 
used fire models in IFTDSS to show that fuelbreaks alone could not have stopped 
the fire, with spotting distances up to 0.5 miles reported1.  However, post-

treatment models predicted flame lengths < 4 ft with mainly surface fire behavior 
and a reduced number of major flow paths crossing treated areas.  

Treatment Cost– The multi-year, multiphase aspect of the fuelbreak made it 
difficult to estimate costs precisely.  However, cost/benefit analysis after the 2014 
fire indicated a favorable trade-off of protected property values (approx. $255 
million) compared to fuelbreak construction costs ($1.5 million)1,6.  Suppression 

costs for the 2014 Funny River Fire were approximately $11.5 million8. 

Funny River masticated fuelbreaks (USFWS, 2014). Funny River masticated fuelbreak (plot 4E; Chugachmiut, 2015). 

Burnout of Funny River shaded fuel break (Chena IHC, 2014). 

    Fuel Type> 

Treatment 
1-HR 10-HR 100-HR 1000-HR 

Masticated 0.00 0.82 3.78 1.41 

Shaded Fuel-
break 0.00 0.43 2.16 3.05 

 Shaded 
(Burned) 0.00 0.67 6.21 8.39 

Table: Average downed woody fuel loadings (T/ac)  in 2015 on Funny River 
Fuelbreak3. Category breakpoints are <1/4” , 1”, and 3” diameter. 
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Results of 2015 Fire Behavior Modeling:  Fire behavior modeled with Behave 
Plus 6 (https://www.firelab.org/project/behaveplus) suggest the approximately 9-
year-old thinning treatment in the Funny River fuelbreak would result in in surface 
fire only in the shaded (or shaded/burned) parts of the fuelbreak (Figures, next 
pages).  In contrast, canopy fire was modeled in the untreated reference plot with 
any windspeed over 5 mph.  Photoplots referenced to the Natural Fuels Photoser-
ies7 were used to derive fuel models for the untreated reference plots. In this case 
hardwoods with white spruce (AKHD 09) was rated as fuel model TU5 3,7.  Flame 

length, fireline intensity and ROS at all windspeeds were identical for shaded and 
shaded/burned  fuelbreak plots, likely because crown base height was very high in 
both cases (10.5-11.5 ft, see Table next page) to preclude torching and canopy fuel 
loading was also very low, so even if torching did occur there was not enough fuel 

to sustain canopy fire.  Fuel model selection was TU1 for both the shaded and 
shaded/burned fuelbreak and SG1 for the masticated fuelbreak3,7.  Modeled fire 
behavior potentials for the masticated fuelbreak indicated a potential for faster 
ROS:  under 70th percentile weather conditions (Figure, right) ROS stayed below 
20 chains/hour, half as fast as ROS spread in untreated  but twice as fast as in the 
shaded fuelbreak.  This difference was magnified under 90th percentile condi-
tions, where modeled ROS in the masticated fuelbreak exceeded even the un-
treated stand ROS, underscoring an important consideration for this type of treat-

ment (Figures, next pag-
es).  Fireline intensity was 
vastly reduced in treat-
ments, under all weather 
scenarios. For example, 
predicted fire line intensi-
ty in untreated stands (in 
90th percentile weather) 
exceeded 100 BTU/ft/s 
(the common threshold 
for handline to hold a fire) 
with just 2 mph winds.  In 
contrast, it took 5.5 mph 
winds in the masticated 
break and 23 mph winds 
in the shaded (thinned) 

fuelbreak to achieve the 
same modeled fireline in-
tensity. 

 

Some parts of the Funny River shaded fuel break had mature 
hardwoods (Chugachmiut, FRSH3-270°, 2015). Green ferns 
and horsetail (Equisetum sp.) are prevalent. 

Section of shaded Funny River fuel break used for burn-out operation in 
the 2014 fire (Chugachmiut, FRSH6-270°, 2015). Note prevalence of 
grass and fireweed. 

Treatment 

Ferns 

(GYDR) 

Birch/
Aspen/
Poplar 

W. Spruce 

Seedlings  

 Dwarf 

Dogwood 

Horse-

tail 

Bluejoint 

grass 

Fire-

weed 

Masticated 3.0 0.3 — 5.0 0.7 6.0 31.7 

Shaded 
Fuelbreak 18.6 19.5 10.6 10.0 3.3 10.3 33.1 

 Shaded 
(Burned) 17.1 12.5 5.8 8.3  1.3 20.8 60.0 

    Thickness (cm)  
Treatment 

Litter Live 

moss 

Dead 

moss 

Upper 

duff 

Lower 

duff 

Shaded Fuelbreak 3.0 4.5 3.5 3.9 6.4 

Shaded Fuelbreak 

(Burned) 

3.0 4.0 3.3 4.4 6.5 

Masticated 1.6 — 2.0 4.5 8.1 

Table: Average cover (%) for the most common understory plants in 2015 on Fun-
ny River Fuelbreak, with hardwood regeneration grouped.  Values are absolute cov-
er determined by point-intercept transects3.  

Table: Average litter and forest floor layer thickness in 2015 on Funny River 
fuelbreak (cm)3.  
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Figure:  Differences in rate of spread (mph) among fuel treat-
ments and control at Funny River fuelbreak using 70th percentile 
weather from the Kenai NWR RAWS (68° F and 40% RH).  Note 
overlap of shaded/burns treatments. 

Section of shaded Funny River fuelbreak used for burn-out opera-
tion in the 2014 fire (Chugachmiut, FRSH11-270°, 2015). 

Table:  Average 2015 field-sampled fire behavior modeling input data at Funny River 
Fuelbreaks (approx. 9 years post-treatment).  

Funny River 
 Fuels Treat-

ments 

 Canopy Cover 
(%) 

 Average Cano-
py Height (ft) 

 Crown Base 
Height (ft) 

 Canopy Bulk 
Density 
(pds/ft3) 

Shaded 
Fuelbreak 

  
27 

  
41.4 

  
11.5 

  
0.0045 

Burned 
Fuelbreak 

  
9 

  
43.7 

  
10.5 

  
0.0012 

Masticated Fuel 
break 

  
0 

  
0 

  
0 

  
0 

Untreated   
Reference 

Not recorded:  
likely 90-100 

  
47.5 

  
12.6 

  
0.0211 

Left: One of the untreated reference plot photos used for determining fuel 
model for Behave 6 (Chugachmiut, FR UT5-180°, 2015). 
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Figure (left):  Differences among 
Funny R. treatment types and con-
trol (blue) for flame length (ft), rate 
of spread (chains/hr), fireline inten-
sity (Btus/ft/s), and fire type chart 
using Behave Plus 6 using 90th per-
centile weather inputs (75°F and 
30% RH, based on Kenai NWR 
RAWS, 1998-2018).  Note that nei-
ther burned or unburned areas of 
the shaded (thinned) fuelbreak 
achieved sustained crown fire (black 
line) and are equivalent through all 
wind levels.  The fire type chart 
shows canopy fire was eliminated in 
all fuelbreak treatment types, even 
at windspeeds as high as 40 mph, 
while the untreated area should 
exhibit crowning at just 10 mph. 
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Shaded & 
burned FB 
overlap 
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Funny River masticated fuel break in 2015 (FRMB8, 90°, TCC). 

Funny River masticated fuel break in 2015, with burned area to the south (FRMB3, 180°, Chugachmiut). 

Stacy Drury, USFS Southwest Research Forester explains 

the workings of Behave Plus on the Funny River results:  

 “The key thing to get fire into the 

canopy initially is canopy base 

height : in this case, flamelengths 

are not high enough to trigger 

torching and . . .  canopy fuel is so 

low that if it did get into the cano-

py . . . a crown fire would likely not 

be sustained.”  

8Molina, AD; JA Little, S Drury, R Jandt, and B Lane. 2019 (in 
preparation) Homeowner preferences of wildfire risk miti-
gation in the Alaskan wildland urban interface.   

USFWS flyer 
on the Funny 
River Fire and 
fuelbreak, 
June 2014. 

47



Bean North Fuel Reduction 

This 2012 project on the Chugach National Forest near Cooper Landing removed 
dead and dying spruce trees on 750  acres near the Bean Creek Trail to reduce fire 
risk (see Map-Fig. 1 from  Environmental Assessment below).  The action was 
identified as a mitigation strategy in the Cooper Landing Community Wildfire Pro-
tection Plan.  The forest in this area is a mixture of species and age classes with 
varying degrees of overstory, midstory and understory foliage layers. Overstory 

trees are generally Lutz spruce (Picea lutzii, 33%) and black spruce (Picea mariana, 
30%), with occasional hardwoods. The midstory and understory consists  of paper 
birch, quaking aspen, Lutz spruce, black spruce, mountain hemlock (Tsuga merten-
siana, 22%), and Scouler’s willow (Salix scouleriana).  

Various treatments were utilized in the Bean unit including removal of large 
woody debris, dead and diseased trees, thinning of stands within 100’ of trails, 
piling and burning of slash (with or without scarification), /selective cutting or 
“hinge” cutting on aspen/willow stands to encourage rejuvenation, and patch cuts 
totaling 30% of the project area to create early seral hardwoods. Pre-treatment 
stocking level in the denser stands was reported as 1500-1800 stems/acre1. 

Treatment Description—Many of the mature Lutz spruce trees were killed by 
bark beetle infestation resulting in large downed timber yielding average pre-
treatment fuel loadings of 18 T/ac with localized concentrations up to 50 T/ac.  
The Table (next page) shows fuel loading by size class in Bean Creek (BC) and other 
fuel treatments in southern Alaska in 2015.  Bean Creek fuel loading (7 T/ac) was 
less than half of the pre-treatment average.  Some small patches of bluejoint reed-
grass (Calamagrostis canadensis) were noted within the project boundaries, but it 
was not a considered a fuel hazard at the time of treatment.   

The USFS EA for Bean Creek estimated pre-treatment rates of spread in the vari-
ous forested parts of the unit from 9 to 17 chains/hr with flame lengths of 3-10 ft.  
The proposed treatment was expected to reduce both metrics by a factor of 10.   

Fuelbed Characteristics-- 

In 2015 the following stand characteristics were observed:  Tree cover of the plots 
was 20%, average canopy height  was 31.5 ft, and understory layer averaged 0.8 ft 
in height2.  Understory species were comprised of Equisetum horsetail  16%, 

shrubs (especially crowberry) 11%, 
fireweed 10%, grasses 6%, dwarf 
dogwood 4%, fern 4%, and other 
species in lesser quantities. The  
ground cover was 51% downed 
woody material, 21% club moss 
(Lycopodium spp.), 11% each other 
moss and 11% litter.  Duff/organic 
depths averaged 4.2 cm litter, 4.6 
cm live moss, 5.0 cm dead moss, 5.2 
cm upper duff and 6.2 cm lower duff 
for a total depth of 25.1 cm. 

Fire Behavior Trade-Offs 

Analysis 

Point based fire behavior po-
tential modeling was conducted 
using Behave Plus 6 (https://
www.firelab.org/project/
behaveplus)2.  At Bean North, 
modeled fire behavior poten-
tials under average (70th per-
centile) weather conditions (67⁰ 
F, 41% RH) were reduced in 
treated vs. untreated stands 
and crownfire potential was 
much reduced (Figure, next 
page).  See Dot Lake case study 
for a list of fuel models em-
ployed for analysis. 

Representative fuels in North Bean (USFS, 2011). Bean North treatment plot 4E (Chugachmiut, 2015). 

Map: Bean North project map 
from Chugach NF EA1. 
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Citations 
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2Little, JM et al. 2018. Evaluating the Effectiveness of Fuel Treatments in Alaska.  
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Photo:  Bean Creek treatment, plot 10 S (Chugachmiut, 2015).  

Site Treatment Block 1-hr    

<1/4 in. 

10-hr 

1/4-1 in. 

100-hr  

1-3 in. 

1000-hr   

>3 in. 

Total Woody 

Fuel (T/ac) 

BC Fuel Treatment 0.02 0.64 1.63 4.76 7.04 

HG Fuel Treatment 0.04 0.39 5.47 5.09 10.98 

CTF Fuel Break 0.01 0.13 0.54 1.91 2.59 

CTF Shaded Fuel Break 0.08 0.18 1.07 6.59 7.92 

FR Shaded Fuel Break 0.00 0.43 2.16 3.05 5.64 

FR Shaded/burned 0.00 0.67 6.21 8.39 15.27 

FR Masticated 0.00 0.82 3.78 1.41 6.01 

Table: Down woody fuel load (tons/acre) by size class comparison for  Chugach NF  
study sites compared to other southern Alaska sites in 20152. 

Figure: Bean North fuel reduction treatment (orange) and untreated 
reference stand (blue) modeled flame length (ft), rate of spread (chains/
hr), fireline intensity (Btus/ft/s), and fire type chart using BehavePlus 6 
and  70th percentile weather inputs (67°F and 41% RH: based on Broad-
view RAWS, 1998-2018).  The treatment moderated crown fire and other 
fire potential measures, especially at windspeeds over 10 mph.  

Table:  2015 field-sampled fire behavior modeling input data at Bean North2.    

Fuel Treat-
ments 

 Canopy 
Cover (%) 

 Average Can-
opy Height (ft) 

 Crown Base 
Height (ft) 

 Canopy Bulk 
Density (lb/ft3) 

Bean North 
Treatment 

  
16 

  
23.6 

  
2.6 

  
0.0046 

Bean Untreat-
ed reference 

Not      
recorded 

  
64.6 

  
12.7 

  
0.062 
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Hope Gate Fuel Reduction Project 

This multi-phase project is located on the Chugach National Forest at the north 
end of the Kenai Peninsula along the Hope Highway and Palmer Creek Road (map).  
Various treatments were applied to different stands totaling about 900 acres to 
reduce fire risk to communities of Hope and Sunrise.  Treatments evaluated here 
were conducted in 2012 and included thinning dense stands of pole-sized spruce 
to 20’ spacing and dense birch stands to 12’ spacing, along with removing dead 

and dying beetle-killed spruce trees and piling and burning slash.  The action was 
identified as a mitigation strategy in the Kenai Peninsula Borough Community 
Wildfire Protection Plan.   

Treatment Fuelbed Characteristics 

The forest in this area is a mosaic of species and age classes. Overstory trees are 
generally white spruce and mountain hemlock, with occasional hardwoods. Sub-
dominant canopy species include paper birch, quaking aspen, Lutz spruce, moun-
tain hemlock and willow.  Pre-treatment, many of the mature Lutz spruce trees 
were killed by bark beetle infestation resulting in large downed wood fuel loadings 
similar to those reported for the North Bean Fuel Treatment: as high as 50 T/ac in 
spots. Canopy closure was extremely variable as reported in the Hope Gate Fuels 
Treatment Summary.  Patches of bluejoint reedgrass (Calamagrostis canadensis) 
are typical in more open sections of the understory. 

In 2015 the following stand characteristics were observed:  Hope Gate had the 
highest 1000-hr downed woody fuel loadings of the unburned study  sites in 

southern Alaska (see Table on Bean North page) at 5.1 T/ac (on 10 plots).  The 
total of 11 T/ac of downed woody fuel was still much less than pre-treatment.  
Tree canopy cover of the plots was 61% birch (photos) and 1% hemlock. The birch 
averaged 6.4 in DBH and average canopy height  was 69 ft.  The understory layer 
averaged 1.4 ft in height.  Understory species were comprised of fern 8%, shrubs 
(especially Devil’s Club and menziesia) 7%, grass/sedge 18% (9% Calamagrostis), 
dwarf dogwood 9%, small mountain hemlock 7%, and other species in lesser quan-
tities. The  ground cover was 20% downed woody material, 7% club moss 

(Lycopodium spp.), 25%  
other moss and 52% litter.  
Spruce was only present 
in trace amounts.  Duff/
organic depths averaged 
3.3 cm litter, 3.0 cm live 
moss, 5.0 cm dead moss, 
3.7 cm upper duff and 6.2 
cm lower duff for a total 
depth of 21.2 cm. 

Fire Behavior Trade-

Offs Analysis 

Point based fire behavior 
potential modeling was 

conducted using 
data from field plots 
or the Natural Fuels 
Photoseries (in the 
case of untreated 
stands, Table next 
page) with Behave 
Plus 62.  At Hope 
Gate, modeled fire 
behavior potentials 
under average (70th 
percentile) weather 
conditions (65⁰ F, 

Representative fuels in untreated reference plot (Hope Gate UT 1S, 
Chugachmiut 2015). 

Hope Gate plot 5N, many birch (Chugachmiut, 2015). 

Figure: Hope Gate 
fuel reduction pro-
ject areas from the  
Chugach NF. 
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42% RH) were similarly low—mainly surface fire—in 
treated and untreated stands in winds up to about 
25 mph (Figure, right).  Fuel model selection is 
shown in Dot Lake case study table for these units. 
Torching was more likely in the untreated stand.  
Evaluations using 90th percentile weather condi-
tions (75° F, 30% RH) still did not elicit much differ-
ence in modeled fire behavior between treated/
untreated sites.  Treatment benefits are likely more 
related to forest health and productivity, and pre-
vention of downed woody fuel accumulation. 

Citations 
1USFS Chugach National Forest (2009). Hope Gate 

Fuels Treatment Summary. USDA Forest Ser-
vice, Alaska Region 10. 2 pp.  

2Little, JM et al. 2018. Evaluating the Effectiveness 
of Fuel Treatments in Alaska.  Final Report: JFSP 
Project 14-5-01-27, 97 pp.  

 

Photo:  Hope Gate Treatment plot 5S, young hemlock (Chugachmiut, 2015).  

 

Table:  2015 field-sampled fire behavior modeling input data at Hope Gate.    

Fuel      
Treatments 

 Canopy Cover 
(%) 

 Average Can-
opy Height (ft) 

 Crown Base 
Height (ft) 

 Canopy Bulk 
Density (lb/ft3) 

Hope Gate 
Treatment 

  
6 

  
60.9 

  
42.5 

  
0.002 

HG Untreat-
ed reference 

  
Not recorded 

  
31 

  
15 

  
0.009 

Figure: Hope Gate fuel reduction treatment (gray) and untreated reference 
stand (blue) modeled flame length (ft), rate of spread (chains/hr), fireline intensi-
ty (Btus/ft/s), and fire type chart using BehavePlus 6 and 70th percentile weath-
er inputs (65°F and 42% RH, based on the Granite RAWS, 1998-2018).  At the 
Hope Gate site modeled fire behavior potentials were similarly low in treatment 
and untreated reference stands.  
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OTHER FUELBREAKS AROUND ALASKA 

Modifying vegetative fuels to reduce risks to communities and protected sites is 
one of the main strategies available to mitigate intensifying wildfire threats from 
both expansion of the wildland urban interface and a warming climate in Alaska.  
The National Fire Plan initiated in 2000 provides targeted funding for federal agen-
cies to conduct hazardous fuel reduction work on Federal land and to work with 
cooperators on private lands.  It also provides competitive grant funding to States 
to reduce the threat of fire in wildland/urban interface areas via wildfire preven-
tion and education programs, mitigation, and homeowner and community assis-
tance.  Besides the 10 case studies discussed in some detail previously, myriad 
other projects have been completed by federal, state and private land managers.  
This section provides a sampling of some of these efforts, but is by no means a 
comprehensive list of all accomplishments in the state.   

The municipality of Anchorage, State of Alaska departments of Forestry and Fish & 
Game, and Anchorage Fire Department have conducted mitigation work around 
Campbell Tract (previous section) and other locations in the Matanuska Valley.  
Some of these are identified on their CWPP website (http://forestry.alaska.gov/
fire/cwpp/). Alaska DOF has been very proactive around the Fairbanks and Delta 
areas, working with partners to create at least 12 defensible fuel breaks at strate-
gic locations identified in the CWPPs.  Alaska DOF has assisted fuel reduction pro-
jects in more remote areas of the state as well.  Their 2017 Annual Report de-
scribes plans to treat a total of 196 acres that year in McGrath, Takotna, Nikolai 
and Telida in cooperation with local communities1. 

A number of rural village fuels management projects have been conducted with 
assistance by the Tanana Chiefs Conference (TCC) Forestry Program 
(www.tananachiefs.org/sustainability/forestry/) who provide services and tech-
nical assistance to Native allotment owners via the trust services program, and to 
tribal councils, village and regional Native corporations.  TCC assisted projects in 
Alatna, Allakaket (which also had a fuel break funded by USFWS around a subdivi-
sion), Hughes, Koyukuk, Anvik, Minto, Nikolai, Tanana, Tetlin, Healy Lake, and 

Chalkyitsik (landfill). Tetlin’s fuel break 
(photos) is representative, with strategi-
cally placed hand-thinned shaded fuel 
reduction units between residences and 
surrounding forested land, with slash 
piled and burned in the winter.  In 2012, 
fuelbreaks completed near Allakaket may 
have helped protect the village when a 
fire escaped from the landfill incinerator 
and spread to wildlands east of town (F. 
Keirn, pers. comm.). 

One of the first major interagency task groups formed in the state is also currently 
one of the most active.  A dozen agencies actively participate in an All Lands/All 
Hands Plan for the 10 million-acre Kenai Peninsula Borough, with an updated Plan 
due out in 2019.  The effort began in 2004, as funding for community assistance 
became available through the National Fire Plan with passage of the Healthy For-Tetlin 2018 fuel treatment  (TCC). 

Aerial photo and diagram of hazard fuels reduction at Tetlin, with 2017-2018 
treatments in yellow.  Blue-outlined areas slated for maintenance were origi-
nally thinned in 2006 during a USFWS hazard fuel reduction project (TCC). 
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ests Restoration Act of 2003.  This group has worked on several community fuel-
breaks including the Funny River Fuel Break (previous section), and the Sterling 
fuel break (following). 

Other fuels mitigation work has been completed by federal land management 
agencies, including the National Park Service, Department of Defense, USFWS, and 
USFS at facilities they manage or in cooperation with neighboring landowners.  
Some early efforts were summarized by the Alaska Northern Forest Cooperative2.  
The following section includes a few more examples from around the state. 

  

Southcentral Alaska 

Sterling Fuel Break - This project was a cooperative effort between the USFWS 

– Kenai NWR, Alaska  Division of Forestry, Alaska Department of Fish & Game,  
Kenai Peninsula Borough, Chugachmiut Corp., and Cook Inlet Regional Inc. to build 
a fuel break on multiple jurisdictions around the community of Sterling, Alaska.  
Fuels were manipulated using chainsaws or heavy equipment along an 8.5-mile 
stretch along the Refuge boundary, totaling about 250 acres.  The planning for the 
treatment was spurred by the success of previous fuel treatments at moderating 
fire behavior and preventing damage from the  2015 Card Street Fire3 and building 
on the success of fuel breaks constructed along Funny River Road to the south4.  
Also, ADF&G hopes the fuel break will provide opportunities to do further habitat 
enhancement for moose using prescribed fire or wildland fire use after the barrier 
is completed5.  Treatments have been conducted for 4 years (completion antici-
pated in 2019) by Chugachmiut’s Yukon Fire Crew, Kenai Refuge staff, and contrac-
tors from the Alaska Division of Forestry.  

Treatment Characteristics & Anticipated Effects 

The fuel break starts on Refuge lands just north of the Sterling Highway at mile-
post 76, runs north for 2.5 miles, then runs west towards Swanson River Road for 
another 6 miles, around the northeast edge of Sterling community (map, left). The 
fuel break is not contiguous, but is broken into sections and utilizes natural open-
ings or existing man-made barriers that would already influence fire spread6. In 
addition to the 124 acres on borough and private lands, over 20 acres of mastica-

Figure: Sterling fuelbreak sections (colored areas) after 
completion (M. Hill, USFWS-Kenai Refuge). 

Mastication treatment in winter on Sterling fuelbreak (M. Hill, USFWS-Kenai).  

Photos: USFWS monitoring plot before (left) and after (right) mastication on the Sterling fuelbreak (L. 
Saperstein, USFWS-Kenai: KEN_STE_HZ_M24_S). 
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tion (photos) and hand-thinned treatments were completed on Refuge lands adja-
cent to Three Johns Road.  Similar 6-year-old treatments were observed to be 
sufficient to stop the 2015 Card Street Fire on its own in some areas, presumably 
due to the reduction in crown fuels and proliferation of shrubby deciduous vege-
tation with a higher fuel moisture content3.  Monitoring includes 61 plots placed 
pre-implementation, with the first post-implementation visits in 2017.  One of the 
biggest challenges has been limiting trespass by ATVs—a trade-off with fuel reduc-
tion.  Strategic boulder placement is one strategy that is being effectively em-
ployed to mitigate trespass.  Although public criticism due to viewshed impacts 

was anticipated, it 
has not material-
ized as a major 
issue. 

Both thinned and 
masticated treat-
ments have been 
effective in reduc-
ing fire intensity 
and providing an 
anchor point for 
suppression tac-
tics, primarily by 
enabling or im-
proving capability 

to perform burn 
out operations.  
However, model-

ing work shows that fires could still spot across these treatments and spread  into 
communities without active defense by firefighters4.  Presence of a fuelbreak does 
not eliminate the need for landowners to prepare their properties using FIREWISE 
guidelines7. 

Treatment Cost 

The main implementation partners in the project have invested substantial fund-
ing or in-kind matching services in the Sterling fuelbreak project since 2015. For 
example, USFWS-Kenai Refuge has allocated about $750,000 and Chugachmiut 
corporation $2 million in contracts and labor8.  Because of the diversity of treat-
ments, a per-acre cost is difficult to estimate. 

Chugach Electric Fuels Mitigation project (2007) – Alaska DOF received 

a Wildland Urban Interface Fuels Reduction Grant to complete a fuels project by 
Chugach Electric’s multimillion dollar facility and substation outside of Anchorage. 
The site is located in the Chugach State Park adjacent to private land along the 

Seward Highway. The fuel type was pre-
dominantly white spruce forest which had 
been heavily impacted by a recent bark 
beetle outbreak so that many trees were 
still in the flammable red needle phase. 
The project created a shaded fuel break (to 
produce minimal impact to the park and 
preserve the sensitive understory) around 
the Chugach Electric’s substation and out-
buildings. DOF personnel felled designated 
trees and limbed live standing trees to pre-
vent further infestation on about 18 acres 
in Phase I of the project in 20071. Tops and 
limbs were burned on site. Two truck loads 
of the logs were brought to Palmer for 
local milling to use in construction of kiosks 
for prevention information at State Park trail heads. The shaded fuel break around 
the facilities provided a 200’-wide fuel break to help protect high dollar value 
structures and serves as a public demonstration of defensible space.  

Each year the Alaska DOF completes some wildland urban interface fuel reduction 
mitigation work under the National Fire Plan.  See their annual accomplishments 
reports at the Division of Forestry website for more details.  

 

Burning debris in Sterling fuelbreak thinned sections (M. Hill, USFWS-Kenai). 

Chipping (which yielded 150 cubic yds of wood chips) or burn-
ing were used to remove slash during construction of Sterling  
fuelbreak (Photo:  M. Hill, USFWS-Kenai). 

USFWS report on fuel treatment effects4 
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Interior Alaska 

Fairbanks North Star Borough - Community Wildfire Prevention Plans (CWPPs) 
have been developed in cooperation with boroughs and municipalities to prioritize 
areas for fuel mitigation treatments, including the Fairbanks North Star Borough.  
After several threats and evacuations in outlying areas near Fairbanks during the 
severe fire seasons of 2004-2005, a number of fuel reduction priority projects 
were identified in a CWPP analysis and conducted under the leadership of AK DOF.  
One of the largest projects—comprising about 1,500 acres—was constructing 
shearbladed fuel break lines approximately 300’ wide to break up fuel continuity 
along avenues of black spruce-dominated forest that led into residential areas. 
Treatment areas lie along the north side of Old Murphy Dome road, Cache Creek, 
Goldstream Valley near Martin’s Siding, and near the Little Chena river on Chena 
Hot Springs road.  The lines were created in late winter with bulldozers, which also 
pushed material into long piles (windrows). The windrows were allowed a summer 
to dry and were generally burned during the late fall the same year1.  Another goal 
of this silvicultural treatment was to encourage spruce forest conversion to less 
flammable hardwood and shrub stands, with the dual purpose of  improving wild-
life habitat and berry-harvesting opportunities. 

A research team from UAF and Northern Arizona University studied ecological 
impacts on 19  fuelbreaks around the FNSB, including several mentioned above or 
in previous sections.  Among their findings were that deciduous seedlings (mostly 
birch) were most numerous in recently shearbladed stands (averaging 6/m2) 
whereas in thinned stands conifer/deciduous seedlings were about equal in num-
bers9.  Control stands had by far the most conifer seedlings (or “layering” trees)—
just over 1/m2.  If deciduous stands continue on their trajectory of growth and 
development at these treatments, their fast-decomposing leaf litter will tend to 
smother and suppress slow-decomposing mosses—affecting future C balance and 
storage and the properties of surface fuels as well as the insulative value of the 
forest floor.  Another important finding was the documentation of impacts of sea-
sonal thaw depth (active layer): thinned stands were thawed about 13 cm deeper 
than adjacent undisturbed forest but shearbladed treatments were thawed an 
average of 46 cm deeper by mid-July or August9.  In areas of discontinuous perma-
frost, such as the FNSB, where a lot of near-surface permafrost is already ap-
proaching thawing temperature, a surface-disturbing fuel treatment could have 
unintended long-lasting or permanent effects on soil thaw10, drainage patterns, or 
cause unplanned subsidence, so it is an important factor to consider when plan-
ning fuel treatments. 

Cache Creek Research Study - As part of a MS Thesis study11, Alaska DOF estab-
lished research treatment areas in mixed broadleaf stands with spruce understory 
west of Fairbanks.  The pre-treatment mixed forest was analogous to  AKHD 05 in 
the Natural  Fuels Photoseries2 with about 5,000 stems/ac of which 3,000 stems/

ac were small spruce.  Treatments were intended to regenerate hardwood growth 
and reduce conifers, with four different methods to process vegetation:  1) shear-
blading, 2) crushing with a masticating head on a rubber-tired loader (similar to 
hydro-axe), 3) drum-crusher mounted on a bulldozer, and 3) chainsaw thinning.  
The resulting material was then left in place, burned, or chunked and removed. 
Permanent sample plots were installed within  treatments and a control for moni-
toring purposes. Treatments were evaluated for time, cost, and immediate results, 
and follow-up monitoring for hardwood regenerative success was planned.  The 
detailed cost estimate tables are an important contribution of this study11. In 
brief, costs for the test areas ranged from $350/ac for shearblading with no slash 
treatment to $4,830/ac for the mastication treatment.  The most cost effective 
treatment overall was deemed to be the shear, windrow, and burn which was 
accomplished using a D8 dozer ($450/ac) and use of state forestry personnel for 
burning the windrows ($100/ac). 
 
NPS Fuel Treatments & Monitoring - NPS fire ecologists monitor their operation-
al fuel treatments and have developed several recommendations for improving 
them.  Many of these treatments are in remote locations and some have been 
used during wildfires.  One small project on the Yukon-Charley National Preserve 
exemplifies typical practices to protect parcels in roadless areas:  NPS fire employ-
ees and a 19-person firefighting crew created a 50-foot shaded fuelbreak at  the 
remote 160-acre Biederman Allotment in 2014. Spruce trees and  brush were 
thinned and standing trees limbed to six feet to create defensible space around 
the allotment.  
Logistical con-
cerns were chal-
lenging, requir-
ing 3 boats and 
use of a light 
helicopter to 
shuttle in the 
personnel and 
supplies. Three 
16-hour days of 
cutting trees 
resulted in 237 
piles slated to be 
burned during 
the winter, and 
several cords of 
firewood, on a 
roughly 5-acre 
treatment (J. 

Sam Creek cabin still stands after a 2018 wildfire. Note that 
forest around the cabin had been converted to less-flammable 
broadleaf trees (Photo: C. Havener, NPS). 
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Devcich, NPS).  This type of preparation can pay dividends during wildfires.  For 
example, fuel treatments conducted at the historic Sam Creek cabin probably 
saved it from a direct challenge by wildfire in 2018 (photo).  Firefighters were able 
to enter the area and deploy a pump and hose system just before the fire arrived.  

At parks around Alaska, NPS has conducted hand-thinned and mechanical fuels 
reduction projects near their headquarters and on preserve lands adjacent to resi-
dential property.  A Chokosna project in 2010 created a 100-ft wide buffer strip in 
predominantly white and black spruce, with some damage from spruce bark bee-
tles, where birch, aspen and willows were also present.  The NPS Fire Ecology Pro-
gram documented pre- and post-treatment forest structure and fuel loads within 
the fuels treatment area13. Conifers were thinned to increase the space between 
the crowns of spruce trees resulting in about 10’ crown spacing, ladder fuels were 
pruned to 4’ and dead/dying trees were removed. A much more open stand re-
sulted, with just 10% canopy cover—somewhat exceeding the treatment objec-
tives.  Similar treatments were subsequently employed at Wrangell St. Elias Na-
tional Park (WRST) headquarters and near McCarthy.  Treatments aimed to retain 
deciduous trees, but large decadent willows were often cut or had dead wood 
pruned.  The latter produced surprisingly vigorous shrub regeneration, resulting in 
dense, brushy thickets a few years post-treatment (J. Hrobak, pers. comm.). Decid-
uous trees in WRST treatments responded favorably to the opened conifer cano-
pies—with stem densities up to 5x greater within 5 years of treatment.  Results 
and  recommendations from NPS monitoring of fuel treatments can be found in 
their annual Fire Ecology Reports14.  Their 2015 summary report, for example, lists 
monitoring work at 4 treatments in WRST and 2 at other parks. 
 
Donnelly Training Area and Jarvis Creek Fuels Conversion-  The Department of 
Defense (DOD) has a strong interest in managing fire fuels to prevent damage 
from natural and accidentally ignited wildfires, and especially in conversion of 
conifer forest to more fire-resistant hardwood stands. After the 1999 Donnelly 
Flats fire triggered evacuations of the Ft. Greely housing area  and narrowly avoid-
ed large-scale destruction of facilities, the US Army Alaska started a project to 
treat forest fuels in the Jarvis Creek area 2, 15.   The potential for escaped ignitions 
from military exercises, high winds prevalent in the local area, and threats to Delta 
Junction were all considered in planning the treatment blocks.  The BLM Alaska 
Fire Service, DOD, and State of Alaska worked together in planning and executing 
the treatment plan (map, right).  Soil scientists from Salcha-Big Delta Soil and Wa-
ter Conservation District and archaeologists were also consulted15. Swaths of 
treated blocks are generally 150-300’ wide (due to the high wind factor) and vari-
ous levels of soil scarification have been incorporated to optimize rapid regenera-
tion of broadleaf species.  Under average summer wildfire conditions, it is hoped 
that fire intensity would be reduced in the hardwood stands, slowing northward 
progression of a wildfire.  Under extreme conditions, however, the treatments will 
not prevent a fire from spreading onto adjacent lands.  An example is the rapid 

progression of the nearby 2013 Mississippi fire in a 14-year-old burn scar charac-
terized by grass, 3-6’ high brush and downed woody debris from the old fire 
(moved 5 miles in 12 hours overnight)16.  Extreme weather may reduce the effec-
tiveness of broadleaf stands in reducing fire intensity and spread rate17.  

Jarvis Creek stand conversion patches show up as series of blocks south of 
Buffalo Drop Zone between Jarvis Creek and the Alaska highway. (Map: BLM 
Alaska Fire Service). 
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Tanana Chiefs Conference foresters helping Minto construct a shaded fuelbreak 
in 2010 (TCC). 
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