Forest Fuel Reduction and Biomass Supply:
Perspectives from Southern Private Landowners

Jianbang Gan'", Adam Jarrett’, and Cassandra Johnson®

Summary. Removing excess biomass from fire-hazardous forests can serve dual purposes: enhancing the
health and sustainability of forest ecosystems and supplying feedstock for energy production.
Considerable efforts have been made to estimate the quantity of this biomass available on ¢ Qd yet
availability does not necessarily translate into actual supply. This seems especially evident, ofi=
industrial private forests given the diversity of ownership objectives and the lack of im his
study assesses the perception and behavior of private forestland owners in the southe respect
to thinning overstocked forests for bioenergy production. Landowner perceptlom grated with
the USDA Forest Service’s Fuel Treatment Evaluator to estimate the blomas fuel treatments
on non-industrial private timberlands in the U.S. South. Due to competing u'ses Nmber and
pulp/paper products, only about one-third of this biomass source ¢ ﬁ oenergy feedstock.
Between 6% and 66% of landowners would consider thinning oven&ké( for bioenergy purposes
depending upon whether financial incentives and technical assistance are provided. Accounting for
competing uses, landowner willingness, accessibility, and recovery loss, jual feedstock supply from
southern private treatable timberlands is estimated between 1¢million and 12 million dry tons. The
average production cost is proximately $45/dry ton. Govern 0§ shares, biomass market
development, and technical assistance could signiﬁganthnulate private landowners to procure
biomass from fire-hazardous forests while mitig&ting wil@‘isk.
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Excess biomass accumulation on forestlands has created wildfire hazards, posing a threat to properties,
human life, and the sustainability and health of forest ecosystems. Such threats have prompted both
private and government sector: Kate measures to reduce fuel loads on forestlands in the United States.
Woody biomass generate@ores‘[ fuel treatments is a potential source of bioenergy feedstock.
Considerable efforts have be ade to estimate the availability of this biomass (Perlack et al. 2005),
especially on p lic,frcxﬂfmds in western states (Skog et al. 2006). Yet its realistic supply from private
forestlands fémains relatively unknown or uncertain. In fact, there is a lack of large-scale action by
private fﬁsﬂ‘ld ;&rs on mitigating wildfire risk via forest thinning.

%éy be attributable to the challenge in accurately estimating this biomass source and the
lack of actio private landowners. First, there are many private forestland owners in the region, who

on avera?)ossess a small track of forestland and have diverse ownership objectives. Second, incentive
for individual landowners to take wildfire prevention initiatives is lacking because of possible free ride in
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terms of mitigation benefits and the ineffectiveness of individual and uncoordinated efforts in terms of
fire prevention. Third, many landowners do not have adequate knowledge of and resources for wildfire
prevention. Fourth, costs associated with thinning overstocked forest stands are often high, making it
economically unviable. Hence, more accurate estimation of this biomass entails a better understanding of
landowner willingness to participate in this fire mitigation and biomass production process.

This study aims at a) identifying the perception of private landowners on wildfire risk, b) assessing how
the perception translates into their willingness to remove excess biomass to reduce fire hazards and
produce biomass for energy production, c) estimating the bioenergy feedstock supply from this biomass
source. In addition to feedstock supply estimation, we also attempt to identify key drivers ?
impediments for private forestland owners to engage themselves in this process. Such inf tion,will be
of value for guiding bioenergy development and deployment as well as future policy formulationsto
simultaneously enhance the production and utilization of this biomass source and,t e%res‘[
ecosystems. ,\ \‘
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Methods
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Study area and data ( \\jo
This study focuses on the southern United States, which consists of 3,states from Virginia in the north to

East Texas in the southwest. The South is one of the most productive fod regions in the U.S. and the
world. Its 200 million acres of timberlands accumulate 35 billien eubic feet of growing stock, providing
60% of the nation’s total timber supply annually. About 72%of t meerlands in the region are owned
by non-industrial private owners (Smith et al. 2004). Li]mgther regions in the U.S., wildfire has become
an increasing threat to the health of forest ecosystenis an@l to properties and human life with rising
urbanization (Wear and Greis 2005). N N

The data on landowner perception were c&llqctaw a landowner survey conducted in five states
including Alabama, Georgia, Florida, Mississippi, and South Carolina (Jarrett 2008). Emphasis was
placed on 21 counties where there are rich fi eStaresources, looming wildfire threat, and diverse
landowner composition. A carefull Q survey questionnaire was mailed to a randomly selected
sample of 2,500 non-industrial and }%itutional private forestland owners who possessed at least 10
acres of forestland using the Dillfhan (2000) method. Five hundred and eighty-five valid responses were
received, with a responsg rate,0t.24.7% (excluding 127 landowners who could not be contacted due to
wrong addresses or did not.want to participate in the survey).

The average ag&f thv&spondents was 61 years. They in general were well educated with a median of
college edueation afid ha relatively high annual household income with a media between $70,000 and
$89,999‘"£h WeMominated by white (91%) and male (72%). These characteristics of respondents
closely‘resemb those of the population of non-industrial private forestland owners in the South (Birch
1996;"B 1:2004). Although the survey focused on five states (because of our original intention to
stu ildfire), but the information collected on landowner perception and willingness in forest fuel
treatment and biomass production would be applicable to the entire southern region due to similarities in

landowner characteristics, forest resources, and market conditions.

Biomass supply estimation

Several factors such as biomass available on the ground, competing uses, accessibility and recovery
limitations, and landowner willingness determine the biomass supply for energy production from private
treatable timberlands in the South. All these factors were accounted for in our biomass supply estimation.
The RPA Fuel Reduction Treatment Tabler (USDA Forest Service 2002), which is based on the Fuel
Treatment Evaluator, was used to estimate treatable timberland area and available biomass. Treatable
area and biomass quantity were derived for each fire regime condition class that measures the degree of



deviation from the historical fire regime. From class 1 to class 3, the departure from the historical fire
regime increases and a higher level of restoration treatments is needed (National Wildfire Coordinating
Group 2003). Available biomass was calculated in terms of total amount on the ground and the portions
of sawlogs and total merchantable wood (including sawlogs and pulpwood logs). Competing use of
forest biomass can reduce its availability for bioenergy production. Only the difference between the total
available and merchantable amount could be used for bioenergy production as long as the biomass
feedstock price is below the pulpwood price. Feedstock supply for bioenergy production can increase to
the amount equivalent to the total less the sawlog portion when the biomass price rises to a level between
the pulpwood price and the sawlog price. When the biomass feedstock price reaches or surpasses the
sawlog price (unlikely in the foreseeable future), all available biomass could be used for en@

)

production. @

Not all timberlands are accessible due to terrain and road constraints. Also, not Ql?fo S can or
should be recovered because of machinery limitations and concerns about the impdet on long-term soil
productivity by excessive biomass removals. Based on existing studies (Perl t a2 , 80% of

private timberlands in the South was assumed to be accessible, and the bioma recoyery rate in fuel
treatment thinning was estimated at 85%.

Another factor that needs to be considered in estimating biomass supply &rivate timberlands is to
identify and incorporate landowner willingness to participate in productiv From our landowner survey
data, we derived the percentage of landowners who would ca ut forest fuel treatments under various
policy scenarios. These policy options include none (no incegvxhssistance), establishment of
biomass markets, government cost shares, and techllical ms'stance,

Combining these considerations leads to the estﬂha@ﬁlass supply (S) from southern private

treatable timberlands as follows: Y

Ve
S = OAw(A 5 M)
o
where 0 is the accessibility rate, A is ss recovery rate, w is the proportion of landowners who are

willing to participate in procuring biomass,for energy production from fire-hazardous timberland, A is the
amount of biomass available off the grotind, and M is the amount of the merchantable portion (competing

uses). \ ‘

Linkage betweendandowneriinterest in bioenergy and their demographics

We also attempted to landowner interest in pursuing biomass/bioenergy opportunities to their
perception, prerlelfce, and demographics. Such relationships could help design more effective
landowner outréach programs and policies to enhance forest fuel treatment and bioenergy production.
Binary‘logi ti&egﬁsion was used in modeling. The model takes the following form (Greene 2008):

L @\

J Logit(p):ln(lp J:a+X’/3

where p is the probability for a landowner to show his/her interest in pursuing biomass/bioenergy
opportunities; In is the natural log operator; X is a vector of independent variables representing landowner
perception, experience, and demographics; and a and f (vector) are regression coefficients.

The stepwise backward (Wald) selection method in the Statistical Package for the Social Sciences (SPSS)
was employed to estimate the model. The model was validated using several statistical tests including the



Wald test for significance of individual variables and the log likelihood and Hosmer and Lemeshow tests
for overall goodness-of-fit.

Results

Landowner willingness to participate in bioenergy production

Survey respondents overwhelmingly perceived wildfire risk. Ninety-two percent of them believed that
wildlife posed a threat to their forest resources. As a result, many (71%) had taken various fire prevention
measures, including constructing fire line, removing excess biomass, using prescribed burning, and
purchasing fire insurance (Table 1). Yet, without additional incentives and assistance, less of
private landowners would thin overstocked forest stands (Table 2). The most effective incehtivesitos’
encourage private landowners in the region to thin fire-hazardous stands would be the deyelopment of
biomass markets and government cost shares, which each alone would induce over 1m wners
and both together would stimulate 40% of landowners in total (including individ nw‘[ effects) to
carry out forest fuel treatments. Another policy option, though less effective%eﬁﬁpl ented alone, is
to provide technical assistance to landowners. With the provision of cost shar an(%echnical assistance
and the emergence of biomass markets, about two-thirds of landowners w; ¢'willing to engage
themselves in thinning fire-hazardous forest stands. N

Approximately one-third of landowners did not think the development ou)mass markets, governmental
cost shares, and technical assistance would be sufficient to e age them to initiate forest fuel treatment
on their properties. These landowners tend to use other fire ;c;c\i measures like constructing fire
line, adopting prescribed burning, purchasing fire in‘suraﬂss or just doing nothing.

Estimated biomass supply ~ a0\

There are 139 million acres of private treatable iml%&n the southern 13 states, accounting for 89%
of the total treatable timberland in the regbm(TW Alabama has the most treatable acres, followed
by Georgia, North Carolina, Arkansas, Miisissippi, irginia, Tennessee, Kentucky, Louisiana, Texas,
South Carolina, Florida, and Oklahoma. The, total biomass (merchantable and non-merchantable)
available on the ground from southe \%treatable timberlands was estimated at 2.45 billion dry tons,
including all live, rough, and rotten trees (Table 4). Wildland-urban interface (WUI) areas account for
26% of the total available bionfass, Additional 9% and 14% are respectively on the timberlands classified
as fire regime condition ClasSes'3.and 2. Fire regimes on these three groups of lands have either been
significantly or moderately.alteted from their historical ranges and/or posed a significant threat to life and
properties, and restoration tr ents are urgently needed. The remaindering 51% is on the timberland of
fire regime conéion class 1 (Figure 1), where the deviation from the historical fire regime is less severe
and prescribed burnfng instead of mechanical thinning could be a treatment option (National Wildfire
Coordinating rou\)03). However, more biomass will be accumulated on class 1°s lands if treatments
are delaﬁ:ﬁ. ith a‘treatment cycle of 30 years (Perlack et al. 2005), some 4.6 million acres (82 million

d@smneated annually.

Yet, not all biomass available on the ground would be supplied as bioenergy feedstock. Due to

constraints on accessibility and biomass recovery, only about 68% of the biomass available on the ground
could be procured. Competing uses for sawtimber and pulpwood would further reduce biomass available
for energy production. Of biomass available on the ground, 720 million dry tons are classified as sawlogs
and 920 million dry tons can be used as pulpwood. Excluding these competing uses and accounting for
accessibility and recovery limitations leave a maximum of 550 million dry tons that could potentially
used as bioenergy feedstock.

The actual feedstock supply from this biomass source could be further reduced due to the lack of
incentives for private landowners to participate in this production process. Without technical and



financial assistance, only about 31 million dry tons in total can be supplied as bioenergy feedstock.
Assuming the fuel treatment frequency is 30 years (Perlack et al. 2005), this is equivalent to an annual
supply of 1.0 million dry tons. Government cost shares, biomass market development, and technical
assistance can significantly stimulate landowner interest in thinning overstocked forests for bioenergy
production. With these incentives and established biomass markets, 364 million dry tons can be supplied
in total with an estimated annual supply of 12.1 million dry tons (Figure 2).

The estimated supply is also price sensitive. If the feedstock price is comparable with the pulpwood
price, even without technical and financial assistance feedstock supply from southern private treatable
timberlands would increase to 67 million dry tons in total (2.2 million dry tons annually). Wi nical
assistance and governmental cost shares, the supply would rise to 781 million dry tons in tetak(2 )

million dry tons annually) (Figure 2). \
NN

Production cost -
The costs of forest fuel treatments are influenced by terrain slope, diameters ihe&istribution of
trees to be removed, volume of different diameter trees, and road networks (é%g ctal. 2006, Prestemon
et al. 2008). The estimated treatment costs in the South range from $17/ac t0.83,699/ac with a mean of
$771/ac (Prestemon et al. 2008). Assuming that biomass is evenly(stri oss all treatable
timberlands, the average procurable biomass (including merchantableéswood, small diameter trees, and
residues) on southern private timberlands is 17.6 dry tons per acgé: Consdring a biomass recovery rate
of 85%, on average some 15 dry tons per acre can be produc hus, the average production cost is
estimated at about $45/dry ton ($2.6/GJ) for all merchantable merchantable biomass. This cost is
quite comparable to the production costs of many other t-based feedstocks (Gan and Smith 2006). If
the benefits associated with fire risk reductions are ﬁgco ed for, it appears to be a viable feedstock

N
source. N

Landowner interest in biomass for energy.pro o

Landowner interest in learning more about ferest biomass for energy production is attributable to several
factors including their information sourées for wildfire prevention; perception about the roles of
governments, markets, and technical’assi ; possession of forest management plans; and experience
with natural disturbances; among oth le 5). Landowners who had received fire prevention
information from state agencie§, used the federal government as a major information source, thought state
governments should proyide them with fire education or other assistance, perceived biomass market
development would.stimulate reatment, resided on forestland, managed their forest for recreational
purposes, and possessed a forest management plan tend to be more likely to engage themselves in
producing biomés t;r(Nlergy production from treatable timberlands. On the other hand, those who
usually got fire preventionrinformation from county extension agents; purchased fire insurances; did not
think cost shares; bNass market development, or technical assistance would enhance biomass for energy
productionjanddiad'hot experienced any major natural disturbance on their properties are less likely to

se@o@poﬂunities.

Amongthose factors that have a positive impact on landowner interest, having a positive attitude toward
biomass ﬁrket development, choosing federal agencies as their major information source for fire
prevention, and possessing a forest management plan have large odds ratios. This suggests that
landowners with these characteristics will be more inclined to produce biomass from treatable
timberlands for energy production. Interestingly, the odds ratios associated with the variables that have
negative impacts are generally small. Thus, their impact on discouraging landowner interest in
biomass/bioenergy production would be modest.



Conclusion

There is a significant amount of biomass on private treatable timberlands in the South, yet competing uses
for sawtimber and pulpwood and landowner willingness to participate in production could dramatically
reduce its supply as bioenergy feedstock. Of the total amount of available biomass from private treatable
timberlands in the South, 29% can be used for sawtimber and additional 38% for pulpwood. This leaves
only one-third of the total available amount for possible use for energy production.

Landowner unwillingness to produce biomass from treatable timberlands for energy production.would
further reduce its potential as bioenergy feedstock. Without financial incentives and techni %ance,
less than 6% of landowners would be willing to thin fire-hazardous forest stands for energxg% ion.
With biomass market establishment, government cost shares, and technical assistance, two-thirds.of
landowners would consider producing biomass from treatable timberlands for biaenem S.
Among these stimuli, cost shares and biomass market development would be mughg?-ﬂe 1mportant and
effective than technical assistance. The estimated annual biomass supply fro th ivate treatable
timberlands ranges from 1 million dry tons to 12 million dry tons (with an ag&i el treatment cycle
of 30 years) depending upon whether government cost shares and technlc \ Me are provided.
These estimates could be more than doubled if the feedstock prlce w with the pulpwood
price.

Although only a handful portion of private forestland ownersshewitheir readmess for thinning
overstocked forest to supply feedstock for bioenergy productc ominant majority of these
landowners are interested in seeking and learning more t bioenergy opportunities. Landowner
interest in forest bioenergy is clearly related to thei?gerce@l, information sources, and possession of
forest management plans. - N

Our findings have several implications fo&bi,oerelopment and deployment as well as for future
policy formulation. First, in terms of feedstock supply from forests, biomass available on the ground
might not necessarily translate into what cambéwetually supplied. For bioenergy deployment decision
making, it is the actual feedstock su; atters. Second, competing uses for forest biomass and
landowner willingness to participatc%uction could significantly reduce the amount of forest
biomass from treatable timberl@nds, that'ean be used for bioenergy production. Thus, landowner attitudes
and market interactions bmée‘o’nergy and traditional forest products cannot be neglected. Though
feedstock prices cangplay a.pi role in allocating forest biomass among different uses, provision of
financial incenti es and technigal assistance to landowners seems to be more critical to boost landowner
participation in 1nn11N/erstocked forests to supply feedstock for energy production under current
conditions. «Suchincentives would not only promote biomass for energy production but also enhance the
heath of priv. fore\, which in turn would secure sustainable ecosystem services to society. Third,
targetinng spez&c andowner groups, particularly those who believe the helpfulness of biomass market
develop \ to federal agencies for fire prevention information, and hold a forest management plan,

d be effective than broad efforts to work with all landowners. Finally, there are few
landowners who are aware of biomass/bioenergy incentive programs, yet the majority of landowners
show interests in learning more about bioenergy opportunities. This calls for expanded and more
effective landowner outreach efforts on disseminating incentive and technical information on biomass for
energy production as well as wildfire prevention and mitigation.

This study can be expanded in several aspects. Our landowner survey was concentrated in five states.
Though our work sheds light on landowner perception in the five states and possibly for the South (given
region-wide similarities and the fact that the five states cover almost the entire spectrum of all states in the
region in terms of treatable timberland area and biomass as shown in Tables 3 and 4), a call for a region-
wide survey is in order. Additionally, given the complexity in estimating biomass production costs for



each treatable site and separating the costs between merchantable timber and biomass feedstock, we leave
more comprehensive cost estimation for future work. Such work will be able to derive a biomass supply
curve from forest fuel treatments, revealing a more detailed relationship between the quantity of feedstock
supply and production costs. Nevertheless, because timberland is generally quite accessible in the South
(much more accessible than in the West), with the exclusion of inaccessible timberlands (20% of the total
treatable area) in the analysis our feedstock supply and average production cost estimates should be of
value for planning purposes while serving a foundation for further studies.
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Table 1. Landowner perception, experience, and mitigation of wildfire

Variable

% of landowners

Believe wildfire is a threat to their forests

Have experienced wildfire on property (last 10 years)
Have experienced property loss to wildfire (last 10 years)
Have taken some wildfire prevention measure

Are aware of bioenergy incentive programs

Are interested in learning more about biomass/bioenergy opportunity

92.1
24.6

21.4

O .
\ 71.1
N r\Qf’ 5.1

"\\J 82.8

W\

Table 2. Landowner preferences of forest fuel treatment sti u'\
Stimulus Pﬁpt ofilandowners
e 4o
None (no stimulus will be needed) g N 5.7
Technical assistance (TA) ’ ( M 6.0
Ability to sell biomass (ASB) \ ]\ 13.3
Government cost share (CS) Q 13.3
F o
TA + ASB "\\ ) 2.6
>
TA +CS (~. 33
ABS+CS g {\ 133
TA + A & ™~ 8.8
J

offecsivg
No stim*s will help 33.7




Table 3. Private treatable timberland area in the southern U.S. (1,000 acres)

Condition Condition Condition
State Total class 1 class 2 class 3 Other (WUI)
Alabama 15,601 (94)* 5,479 4,014 2,532 3,576
Arkansas 12,958 (81) 6,546 1,337 1,588 ,488
Florida 6,635 (79) 4,493 442 0 \\ ,7‘01
Georgia 15,409 (91) 8,101 3,557 \2h 3,456
Kentucky 10,007 (92) 6,438 335 X\§\1 2,886
Louisiana 9,615 (91) 6,664 & \5\100 1,812
Mississippi 12,034 (89) 5,071 Zé 165 2,838
North Carolina 13,455 (90) 5,709 C %&9 1,811 3,746
Oklahoma 4,893 (91) 1 U O 718 376 1,938
South Carolina 8,159 (89) \‘) 740 126 2,488

Tennessee 10,717 (88) \ ’\ M 417 32 3,558

g,
Texas 8,288 (93 0\,310 542 1,095 1,342

Virginia 11,521 (8 4,380 1,577 1,949 3,615

Total® 3&@) 71,567 20,073 11,211 36,442

* Numbers 1Me Nltheses are percentage of private treatable timberland area in the total treatable
O

timb?rl ea‘across all ownerships.
b Figureﬁa ot sum to total due to rounding.



Table 4. Available biomass from private treatable timberlands in the southern U.S. (million dry

tons).
State Live trees Rough Rotten Total (live + Total - Total -

rough + sawlog  merchantable

rotten)
Alabama 254.73 12.89 0.68 268.3 188.50 94.45
Arkansas 189.69 6.78 0.37 196.84 158.63 \Q ‘82.9
AN
Florida 101.91 5.06 0.40 107.37 \golle‘\ 38.1
Georgia 201.06 7.63 1.29 209.98 ﬂxw 8.92
Kentucky 145.24 1.44 0.64 14732 ¢ 1&27 66.88
Louisiana 150.39 6.39 0.53 (3\\3 112.01 59.39
Mississippi 165.82 5.79 0.67 C* 172. 2” 135.37 74.13
North Carolina 319.18 v{ 3&) 329.62 220.07 99.64
Oklahoma 60.00 533 . 7 65.8 59.10 33.84
®
g,
S
South Carolina 141.68 %Q 0.70 149.6 90.08 33.19
F
Tennessee w\ ’ 18.54 1.15 249.66 171.24 81.64
Texas > IM 4.42 0.36 120.41 91.08 4791
Virginia ‘XS.26 10.21 0.94 279.41 197.58 87.01
™

Total® gmy, \ N\’343'57 100.80 9.56 2,453.93 1,731.70 808.04

\

*F iguredight not sum to total due to rounding.



Table 5. Logistic regression results of landowner interest in biomass for energy production

Independent variable Estimated Odds Wald  P-value
coefficient ratio

Have received wildfire prevention information from 2.242 9.42 8.533 0.003

state agencies

Usually received wildfire prevention information from -5.568 0.01 10.283 0.001

extension agents \ )

Usually received wildfire prevention information from 5461 235.23 6‘.‘ 8% 0.011

federal agencies ‘\ N

Have purchased fire insurance -7.215 OQN .875 0.001

Perceive that the state government should provide fire 2.781 ‘%\ : 8.021 0.005

education to landowners (' \ 5

Perceive that the state government should provide - 3.09IJ 2.00 6.660 0.010

landowners with fire prevention assistances other than \

education, technical assistance, and cost share C \\

Perceive that biomass market development would, \v’\ 6 16.174 480.00 12.484 0.000
.

encourage forest fuel treatment \“
Perceive that none of technical assistance@gvew

cost share, and biomass market development \gould

-4.721 0.01 4.108 0.043

encourage forest fuel treatment Q

Reside on rural land Py 2.301 9.99 4.937 0.026
Manage forestland for remﬁw’)oses 1.704 5.50 3.766 0.052
Have a forest management plan 5219 184.74 10.979 0.001
Have not exper(r;csfi natural major disturbance on -2.465 0.09 6.810 0.009

the property ™ \
P \ Py,
-2(g'1i%@&‘ 48.83

P-value of [Hosmer-Lemeshow test 0.937

Percentage of correct prediction 91.5
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Figure 1. Available biomass on southern private tre e timberlands by competing use and fire
condition class. ®
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