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ABSTRACT

CRISES UNWASTED: HOW POLICY ENTREPRENEURS LINKED REBST BIOMASS TO

ENERGY SECURITY IN COLORADO, 1998-2013

Colorado’s forests are facing threats from wildfirmsect and disease epidemics and
human encroachment. At the same time, Colorada&&aeing energy security problems from
fossil fuel price volatility, unintended consequesdrom continued fossil fuel dependence,
problematic alternative, non-renewable fuel proomagiand a struggling renewable energy
industry. Subsequently, natural resources manag&slorado are facing two imposing
challenges simultaneously: 1) the need to restoest health and 2) to manage energy resources
sustainably, equitably and with public safety imthi

Policy entrepreneurs invested in forest energydoways to link forest health
emergencies to energy security crises. This dessentis a study that explores how that link was
forged and what happened in Colorado as resukjigat the actions taken by the four major
federal land management agencies (U.S. Forestc@e®ureau of Land Management, National
Park Service and the U.S Fish and Wildlife Servig)s study also traced briefly how the State
of Colorado responded to these crises, too.

First, this study qualitatively surveyed literatimethe forest history and policy arenas
and energy history and policy arenas to chart hoar pvents led to current conditions. Media
articles were tabulated and coded to quantitatigalyge how salient their respective issues were
over time. Using Multiple Streams Theory, policyndows were identified. Second, the
Punctuated Equilibrium Theory was applied to theryimg forest energy policy arena during
the time frame identified by the policy windowsné&idly, interviews and meetings were held with

employees at the federal, regional/state and legals and with members of state government to



determine how the increased saliency of foresteanmalgy issues translated to forest energy
policy actions on the ground in Colorado.

This dissertation concludes that federal land meament agencies took greater interest
and made significant efforts to promote forest gném Colorado between the years 2000 and
2013. This increased interest resulted in incre&seding, regulation and project development
and implementation in the state. However, whilévagtincreased, opportunity for additional
actions remains. Coloradans would be wise to faalditional public-private initiatives and
work to promote forest energy among large grougzratimal forest communities. Inevitably,
as fossil fuel supplies decrease and prices ineréasorado, along with the rest of the country,

will in part be forced to return back to its “robtsd Dukert’s notion of “the future behind us.”
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DEFINITION OF UNITS

Board foot: A board foot (bd ft) is a unit of wood volume om®f long by 12 inches wide by
one inch thick or 144 cubic inches. A board foatoigghly equivalent in size to a large kitchen
cutting board.

British thermal unit: A British thermal unit (Btu) is the amount of engrgeeded to heat or
cool one pound of water by one degree Fahrenhésteluivalent to 1,055 joules in the S
system. It is roughly equivalent to the amountrérgy released when one strikes a kitchen
match. A fully loaded coal car contains roughly Bidion Btus or enough Btus to meet the
annual energy needs of about eight Coloradans. ®w@Hion people call Colorado “home.”
Cubic foot: A cubic foot (cu ft) is a unit of wood volume edjirasize to a cube with one foot in
each dimension. On paper, one cubic foot is equaPtboard feet (bd ft). However, due to saw
kerf (saw blade thickness) and machining varighittie conversion factor is more often one cu
ft equal to somewhere between 5.7 and 8.3 bd ft.

Energy: Power integrated over time. A 100-watt light blgfi on for 24 hours will have
consumed 2.4 kWh of energy (electricity). Energyadg power multiplied by time.

Kilowatt: One thousand watts (kW). Electric utility rates aften billed at a rate of so many
cents per kilowatt-hour (kWh).

Megawatt: One million watts (MW). Megawatt measures powepattestimates at the
Gypsum forest energy power plant suggest one meagafveapacity can meet the energy needs
of between 800 and 1,000 homes. Power plants ta@ iraterms of megawatts (MWs). Over
half of all coal power plants in the United States between 100 and 1,000 MWs in capacity;
another roughly 42 percent are less than 100 MWisstMuclear power plants are rated between

500 and 1,500 MWs. The forest energy power pla@ypsum, Colorado, is rated at 11.5 MWs
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(USDE EIA 2014a; USDE EIA 2014b). To avoid confusipower plant energy sales are given
in terms of megawatt-hours (MWh), i.e. the poweamploutput rating multiplied by the amount
of time power was produced at that rating. Sometithe quantities are large enough that
outputs are in terms of larger units, like gigawsdtrs or terawatt-hours.

Power: The rate at which electrons are transmitted iniateeously. A battery that can provide
250 amps at 12 volts can provide 3,000 watts dN3ok power at a moment. (Power equals
current multiplied by voltage i.e., amps multiplieg volts.)

Watt: Basic unit of measurement for instantaneous poWer (
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CHAPTER 1:WHERE FOREST HEALTH AND ENERGY SECURITY MEET

"And by that destiny to perform an act / Whereo&tighpast is prologue, what to come / In yours
and my discharge.”
— Antonio, The Tempest (Shakespeare 1604)

1.1  Introduction

Nothing was particularly ominous about the weatbading up to the Colorado Front
Range’s 2010 wildfire season. The spring and eangmer were wetter and cooler than normal.
Rain showers near Boulder, Colorado, frequentlyglpced quarter-inch totals between March
and July and several storms between April and éach dropped over an inch (Western
Regional Climate Center 2012a). Temperatures wevets increase in the late spring; the
colder weather delayed the anticipated snowmelb¢Bl2010a; Bunch 2010b). Yet on average,
temperatures from January through July were figrekss Fahrenheit lower and precipitation
totals were only about four inches higher than etguk(Graham et al. 2012, 16-18). Cooler,
wetter weather during the Spring is not out ofdhdinary for locations like Boulder that are
influenced by a continental climate as peak préatijoin occurs during April and May and
temperatures approximate the annual average (Ci#&8 59; Western Regional Climate
Center 2012b; Graham et al. 2012, 8).

The weather pattern changed in August. Typical FRange wildfire seasons are
characterized by temperatures exceeding 80° Faditenélative humidities remaining below
20% and winds speeding more than 20 miles per mph) (Graham et al. 2012, 8). The change
for 2010 was more severe as an unusually dry amchwaeeather pattern settled over the region.
While rainfall totals were above normal prior todsiimmer, the largest rain event in August was

a half-inch burst on the 9th (Western Regional @enCenter 2012a). The National Climatic



Data Center’s Palmer Z Index, which gauges shom-tirought and wetness conditions, fell
from “moderately moist” in July to “severely dryylthe end of September (Graham et al. 2012,
20). Fire danger levels increased from normal kwelnid-August to record-breaking levels by
September. During August and September, the aveéeageeratures for Boulder, Colorado,
increased by over six degrees Fahrenheit and axenagthly precipitation levels were two
inches below normal. In just two months' time, average temperature increase and average
precipitation decrease were almost the exact ofgosihe respective averages from the year’s
first seven months (Graham et al. 2012, 17-18).

On September™, in the midst of this weather pattern inversepkinteer firefighter
burned some scrap wood in a fire pit on his Folstipitoperty, about six miles west of Boulder,
Colorado, and one mile northeast of Sugarloaf MaimnfAfter completing his burn, he doused
the pit and stirred the drenched ashes with a $hbieerepeated the procedure the next day—a
process more intensive and thorough than what agetmperform on a campfire—and assumed
the embers were extinguished. They were not. Acdlg front moved through the state late on
September 5th, creating strong winds. These witwapined with the previous day’s record
high temperatures and low humidity, exacerbatediteelanger. By 10 A.M., wind speeds
exceeding 40 mph scattered embers from the chdaieds igniting nearby parched grass. By
the time the resulting Fourmile Canyon Fire wastamed, over 3,500 people were evacuated,
169 structures lost, over 6,000 acres burned awdance claims exceeded $217 million, making
this wildfire the most expensive in state histosyod September 201QGraham et al. 2012;

Meltzer 2011; Bounds and Snider 2010).

! The 2012 wildfire season’s costs would dwarf thé@season. Please see the Epilogue for a briefieweof the
2012 and 2013 fire seasons’ preliminary impactSaforado.



Meanwhile, as Colorado struggles with severe widdéieasons, the state also faces fossil
fuel price spikes due, in part, to growing demaauad uncertain supplies stemming from
population increases and from global political @aadnomic instability. One approach Colorado
has adopted to mitigate the economic impacts tsuwmers is to focus on extracting its domestic
deposits by nurturing a “home-grown” oil and giaslustry. The results are impressive. The
number of active oil and gas wells has more tharbtbal since January 2002, from roughly
22,500 active wells to over 51,000 active well©rtober 2013. Clusters of derricks and
“horsehead” pumpjacks are common along the Intex&% corridor north of Denver, in Weld
County and in Garfield County. Colorado’s daily pibduction has more than doubled since
hitting a production low in 1999 and natural gagydautput has more than tripled since 1995
(Colorado Oil and Gas Conservation Commission [CQ{52D13).

These accomplishments are not consequence-freeamdeDollie Prather drove to their
cabin on Logan Mountain, northeast of the Town efE2que, Colorado, on May 30, 2008. After
they arrived, Ned poured a glass from the tap amplegl most of it. Immediately, his throat
burned, his head and stomach ached and he hadettanglathing. He filled a bottle with tap
water, drove to the nearest staffed gas well akddaghe workers what he just drank. After
smelling the bottle’s contents, the workers saej/tid not know but offered Ned some bottled
water to ease his throat pain. Dollie drove Nedua®0 minutes west to a hospital in Grand
Junction, Colorado, where initial tests showedmmediate, permanent damage. Ned waited
nearly three weeks for the COGCC to test his whterearned he consumed a mixture of

hydrocarbons commonly used in fracking, a processrgvlarge amounts of high-pressured

2"Gas" refers to "natural gas" used in heatingkigy some power and some transportation appliegtio
"Gasoline" refers to the liquid hydrocarbon fuedddo run internal combustion engines.



water, sand and chemicals are used to crack rookatmns to release the gas contained within
them. The hydrocarbon concentration in his tap mags 20 times higher than the safety limit
for groundwater (Lofholm 2010; Wadholz 2010).

Accounts like the Fourmile Canyon Fire and the litret’ contaminated drinking water
are becoming more frequent. Western and nationdlarieequently feature forest health crises
by highlighting catastrophic wildfires and the cdimhs, such as drought and insect and disease
epidemics, that engendered them. In Colorado, agamws broadcasts show trees exploding
and homes burning while explaining how bark bekilled trees and record triple-digit heat
exacerbate the fire danger in the state’s unheé#ittegts. The morning papers tally damages in
terms of numbers of lives lost, millions of acresried and billions of dollars spent on wildfire
suppression and insurance claims. Follow-up stoai@gsmonies spent on post-fire restoration
and flood control and also on the revenues lostwvideral forested campgrounds are closed
because congressionally appropriated mitigatiodduare insufficient to ensure public safety.

Energy development stories on national media kaittention to the consequences of
exploration while a burgeoning group of YouTubeead show rural homeowners using butane
grill lighters to ignite the dissolved carcinogehidrocarbons in the well water streaming from
their taps. Pressures to expand domestic drilhiegeiase as gasoline price spikes, shown on
station marquees, are captured on the evening beasicasts. Some stories feature analysts or
venture capitalists promoting the role alternatizesld play in alleviating dependence on non-
renewable energy sources. Critiques from fosslldegelopers are just as quick to cast doubts
on these Promethean solutions by disseminatingeaealof alternative energy technologies’
unintended environmental consequences. Furtherrdeve]oping countries' burgeoning

economies put additional pressures on scarce ressuncluding fossil fuels but also on critical



or rare-earth materials. These materials are highlyght after by the developed nations as they
are crucial for manufacturing alternative, renewakchnologies.

Incentives in the forest policy and energy policgreas further complicate the issues.
While billions of federal dollars pay for suppresswildfires and treating bark beetle-infested
forests, some renewable energy tax incentives fepaby exclude biomass removed from
federal forests, as in the Energy IndependenceSandrity Act of 2007 (EISA). Western states,
with disproportionate shares of federally manageddtlands, are discouraged from taking
advantage of the same forest management incettigesastern states may enjoy. Furthermore,
federally legislated targets for managing foresldueduction projects or for sustainably
generating alternative fuels are often controvéemd subject to periodic or annual revisions
and, subsequently, fights. When federal forestebgéle for incentives, the dollars often cover
tree removal but no provisions exist for taxpayersecoup the cost through manufacturing
forest products. Thus, instead of developing a etabksed mechanism to pay for the work, the
federal government is merely subsidizing businegsesmove the material.

In another instance, the federal Production TaxdiC(@TC) incentivizes electricity
generation from renewables like forest biomass, thetincentives are different depending on
the form of the biomass consumed (e.g., open-l@oglesed-loopor dedicated energy crops)
and can be less generous for some forms of biomlass compared to other renewables, such as
wind and solar. Conversely, as with federal for@stsestern states, eastern states that lack

access to renewables are at a disadvantage asiwesdiavor those regions that have access to

3 Closed-loop biomass refers to biomass that istethand designated for use in a qualified factitgenerate
energy (electricity in the tax code). Open-loopnhéss, where forests are concerned, typically rédensill
residues, pre-commercial thinnings and other haezerduels material. The term can also incorporalie svood
wastes (e.g., pallets, construction and demoltielris, etc.). See Bracmort (2012, 8) for moreitieta



these resources (e.g., corn ethanol in the Midwast in the West, solar in the Southwest, etc.).
Finally, the chances for creating parity amongetiewable energy sources remains uncertain,
especially as the PTC is subject to periodic remightions and each of the various renewable
energy lobbies has disproportionate strengths wberpared to the amount of energy they
contribute to the national energy consumption ptdf

Incentive inequality is not limited to just the &rdl government. Some state-level
policies are increasingly geared toward incentngzalternative, renewable energy production.
However, most of these policies favor electricitgguction. Renewable electricity standards
(RES) or renewable portfolio standards (RPS) tylyicaquire a utility, often an investor-owned
utility (I0U), to produce a certain percentagelddit electricity using renewables by a specific
year. In Colorado, for instance, forest biomasgsd$anpme restrictions (e.g., the definition of
biomass does not allow for “trees”) and other resilges, like solar, have a credit multiplier,
which causes solar to appear more attractive flitieg to meet the standard per kilowatt-hour
generated.

The results from these misaligned incentives tetashto uncertainty and inequality for
other sectors. When not left at the mercy of uaierconomic conditions as globalization
increases, the U.S. forest products industry isgfdto make long-term plans based on short-
term, intermittent annual federal budget cyclesstnad which over the past decade have relied
increasingly on continuing resolutions (CRs) wihaleiding the occasional government
shutdown. Less affluent environmental non-govermalerganizations (ENGOs) may feel

ostracized as media accounts from the past decddied energy-related political scandals,

*The PTC ended on December 31, 2013 as Congréas faireauthorize it in time. The disparity betweke credit
received by closed-loop (2.3¢ per kWh) and opemp-loiomass (1.1¢ per kwWh) remained until the PTCrexp



including one administration’s questionable puld&n practices to a donor-related solar energy
venture and the “privileged” dealings of its preetesor’s pro-fossil fuel energy task force.

Thus, while the physical and political pressuresarvast and energy resources increase
with no signs of subsiding, two imposing challenfges®e natural resource managers: 1) restoring
forest health and 2) managing energy resourceaisabty, equitably and with public safety in
mind. Mangers will need direction from decision-raek The traditional approach for decision-
makers to address these issues is to identifylagroor problems and then to develop,
implement and evaluate political solutions—a preadsn to using the scientific method to
make policy (Nakamura 1987, 144). Some researduerseptualize this process as linear,
consisting of various stages or steps that propgsrfelow when developing solutions (e.g.,
Cubbage et al. 1993). Policy solutions may beaglior part of a solution set generated through
iteration. The solution sets tend to be contingeat,only on how problems are defined but also,
in some cases, on how and who assigns culpabdityincingly (Rochefort and Cobb 1994, 1-
31; Stone 2002, 188-209).

In contrast, this dissertation subscribes to Kimgsl¢2003, 122-123, 168-169) notion
that the reverse is more accurate. Proponentsliolymmtrepreneurs develop solutions and then
search for problems to which they attach their fadasolutions. For the purposes of this paper,
the hypothesis is that proponents for FBU in Caloreeframed FBU as a solution to emerging
forest health issues and energy crises. FBU beeanwsgy to reduce overstocked forest fuel loads
and reduce the risk of catastrophic wildfires wipiteviding a cheaper and cleaner energy source
and increased economic security for proximal rachmunities. Thus, FBU proponents in
Colorado attached their preferred FBU solutiorh® pproblems of frequent forest fires and

simultaneous energy supply problems.



FBU has received little serious attention until past decade and is becoming more
salient. A number of trade publications and arti@gist but the majority of this work describes
FBU's technical aspects (i.e., moisture contentgidd Thermal Unit (BTU) value equivalents,
etc.) and quantifies potential amounts. More reeffotts attempt to determine what material is
physically and administratively accessible whilelegically sustainable. More specifically,
FBU policy is largely neglected. The Government Accountabiiffice (GAO) analyzed the
barriers and federal FBU efforts to overcome saidiérs (GAO 2005). The federal agencies
that were interviewed mentioned steps they wernaddbut little has been written about FBU
policy by the GAO since these initial recommendationgrfPeviewed publications covering
FBU policy often select either the forest policytloe energy policy arenas but rarely, if ever,
address both policy arenas simultaneously. Foamtst, Nicholls et al. (2008, 8) analyze FBU
policies affecting the Western United States batgblicies covered are limited to major federal
forest-centered legislation, excluding major camwflfederal energy policies. Others (e.qg.
Benjamin et al. 2009, 129-130; Solomon et al. 2d@2-424) cover FBU energy policy but
exclude forest policy developments. Some efforteelzegun integration (e.g., Becker et al.
2011; Guo et al. 2012, 2013; etc.), but studyindgyFB it pertains to both forest policy and
energy policy, i.e. restoring forest health anchgghe material to meet energy needs, demands
more analytical integration between the forestqyoéind energy policy arenas.

This project uses a tripartite procedure. Firsg gaper reviewed media accounts and
pertinent literature looking for evidence whereeklrfires and energy crises captured national
attention. It also searched for proponents whdfshil crafted or framed “problems” that
favored FBU. Simultaneously, it searched for effdat place FBU on various public and

government agendas. Second, data collected frarviatvs with key policy arena participants



were used to determine and analyze which policygsnere followed and which policy images
were adopted to advance FBU. Finally, data fronfitsetwo phases was used to construct case
histories for four federal land management agenthesU.S. Forest Service (USFS), the Bureau
of Land Management (BLM), the National Park Ser{ld€S) and the U.S. Fish and Wildlife
Service (USFWS). These case histories detailedfaderal-level FBU translated into on-the-

ground actions and results in Colorado.

1.2  Forest Health in Colorado

Forests are the largest land use category in Gidai@olorado Governor’s Energy Office
[GEQ] 2009a, 64).They occupy roughly one out of every three agrassing the total land area
used for crops, grazing or urban areas and occg@yspace approximately the same size as the
state of Maine (U.S. Census Bureau 2010; Colorddte $orest Service [CSFS] 2002, 6).
Although trees can be found almost anywhere irstag and at almost any elevation, most
forested acres are concentrated along the FrorgeRanound the Continental Divide and
throughout the Western Slope (CSFS 2010a, 7, 1Bj)leVibrested acres exist on the Great
Plains in naturally occurring riparian zones (segife 1.1), other forests are synthetic plantings
designed to mitigate harsh climatic conditions.(esgndbreaks, shelterbelts, etc.) for crops,
livestock and transportation (CSFS 2012a).

More striking than the sheer forest acreage totasiever, is who manages these acres
and to what end(s). First, most forested acresoior@do are managed by the federal

government. Nearly half of all forested lands (46)&re managed by the USFS with another

® Although forest land is technically the singleglast land use category (22 million acres), agnicaltiands (28.5
million acres) exceed forested lands as the GEOrtegparated pasturelands (17 million acres) ftoop lands
(11.5 million acres).



17.3% managed by the BLM. Other publicly held ftsese managed either by additional
federal agencies (1.9%) or by state and local gowents (3.0%). Tribal forests constitute 1.7%
of state forests. About 186,000 private ownersrbi29.8% of Colorado’s forests. This total
includes both non-industrial private forestland®N) owners and corporate owners, although
the total NIPF acreage is much larger proportidgdben total corporate holdings (CSFS 2010a,

14-16; Smith et al. 2009, 155).

- Spruce-Fir - Aspen - Ponderosa Pine - Pifion-Juniper - Plains Riparian
- Lodgepole Pine [:] Mixed Conifer - Montane Riparian - Oak Shrubland - Introduced Riparian

Figure 1.1: Forest Types of Colorado, 2010
Source: Adapted from CSFS (2010a, 7).

Harvesting does not occur on many of these forpstdjc or private. Colorado sustains

an annual net forest growth of about 1.5 billiomfabfeet (BBF) (CSFS 2007, 3). However,
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Colorado only harvests about 6% of this growthlzou 86.5 million board feet (MMBF) of
sawtimber each year (Hayes et al. 2012: 22). Tihesjmited timber removals do not
significantly reduce the “interest” nor do they ¢buhe “principal,” even though both continue
to grow unabated (CSFS 2007, 3).

Managing forests for timber and other uses tendetproblematic because portions of
federal, state and/or local lands are typicallyéitocked or intermingled” (Clawson 1983, 232),

with private lands (see Figure 1.2).
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Figure 1.2: Map of Federally-Managed Forests in Calrado, 2010
Source: Adapted from CSFS (2010a, 15).
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Complicating forest management further is the matdrthe forests themselves. Colorado forests
aredisturbance drivenmeaning that indigenous tree species co-evolvddayclical, natural
disturbances such as stand-replacing wildfiregansepidemics, disease outbreaks, etc. (CSFS
2002, 3). These disturbances rejuvenate foresenbyring diversity in forest types, age classes
and densities across the landscape (CSFS 2007;)12tdwever, wildfire suppression,

combined with restricted timber harvests over tast gentury, has dramatically altered these
cycles. Decreasing timber removals combined withdascale disturbance-suppressing activities
cause significant amounts of forest biomass touscdfBU proponents, aware of such accruals,
would therefore be naturally inclined to frame &irbealth issues in such a way that would

encourage others to see FBU as a solution to thbese issues are summarized below.

1.2.1 Human Encroachment on Forests in Colorado

In the mid-nineteenth century, mining, logging @ndzing provided economic incentives
for settlement within the forest. However, minimgvhs were subject to resource-related boom-
and-bust cycles creating a transient populatiaayéimnants of which still punctuate the state's
landscape. Later, recreation opportunities provigigabrtunities for people to visit public
forests, but still, a sufficient economic basisroore permanent forest settlement was lacking.

The post-World War 1l economy began to provide saitiasis. The need to reintegrate
returning soldiers created a demand for housingeamployment opportunities. For housing in
particular, forest resources (lumber) were slabegiipanding suburban environments (e.g.
Levittowns, etc.). Timber-dependent communitiesdoetp coalesce near national forests lands
as the nation began to rely more on national ferstmeeting the housing lumber demand.

Simultaneously, the increased incomes and leisme [ed to increased demand for recreational

12



opportunities; this increased demand led to conmeases and recreational communities
establishing themselves also near national fofests.

For Colorado, the economic boom of the 1990s plexvithe resources that allowed more
people to move to Colorado’s “Red Zone” (see FiduB), an area characterized as high-risk for

catastrophic wildfires.
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Homes in Red Zone:
370,000 (1990 Census)
474,000 (2000 Census)
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6,300,000 (2000)
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Figure 1.3: Colorado’s “Red Zone” Map, 2004

Source: Adapted from CSFS (2004)

This rural growth signaled a demographic shift sintre people were now settling than
visiting, leading to an increase in forest ecosysteagmentation. The CSFS (2002, 9) reported

that between 1990 and 2000, the number of indivedoaning at least one acre of forested land

® More on the conflicts between timber and recresfimest users can be found in Chapter 4.
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increased from less than 50,000 people to ovel0BOOyhile the number of forested acres under
private ownership remained constant.

A more precise gauge for measuring human encroachmay be to examine the growth
of the Wildland-Urban Interface (WUI), a land atednere urban development presses against
private and public wildlands" (Theobald and Romri872, 340). Nationally, the WUI expanded
by 52%, with Colorado being one of the top 16 stébe WUI growth. In 2000, the Colorado
WUI contained over 715,000 acres (CSFS 2008b).edtly;, one out of every five people in
Colorado, one out of every four homes in Coloraadad about 90% of Pitkin, Teller and Summit
counties’ populations reside in the WUI (Kodas &hubbard 2012). The WUI is expected to
grow by 300% to nearly 2.2 million acres by 203@adorado was one of the anticipated top six
states for largest WUI growth over the next 30 y€@SFS 2008b; Theobald and Romme 2007).

The land use patterns in Colorado matches trendgeirest of the Rocky Mountain
region. The number of housing units in the WUI eaged by 68% from 1990 to 2000
(Schoennagel et al. 2009, 1). The US Fire Admiaigtn (2002) reported that 38% of new home
construction was adjacent to or intermixed with\#gl in the Western United States. Kusmin
(2007) noted that the growth rate in rural or nogtnmpolitan areas nationwide was three times
higher between July 2005 and July 2006 than itiwdsily 2000, suggesting an increasing
migration from metropolitan areas to less-developedl areas. For Colorado, population
growth rates were highest along the Continentald@ihand throughout the Western Slope—the
same areas where the highest concentrations of&das forests are found (Kusmin 2007).
This demographic shift suggests a significant iaseein human encroachment and forest
ecosystem fragmentation, leading some to idenk#yd conversion" as the most significant

threat to forest ecosystem integrity (25x'25 Caali011: 16).
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1.2.2 Forests and Fire in Colorado

In Colorado, Native American tribes used fire tivelror attract forest game; to
rejuvenate soils; to communicate; or as a weapahive away competing tribes. While fire was
also a tool for Euro-American settlers, it quicklgcame viewed as more of a problem than a
benefit. Forest fires could enhance resources alpddonvert forests to meet human needs (e.g.
grazing, open areas for settlement, etc.) but toeyd just as easily deny access to those
materials or even kill. Several large fires reicfa this notion during the mid-to-late-19th
century e.g., a “first” deadly fire near CentratyCiColorado in 1859, the Peshtigo Fire in
Wisconsin in 1871, etc. The need to preserve ratemads, specifically timber, from
exploitation and wildfires (whether naturally, int@nally or accidentally set), prompted the
creation of the forest reserves in 1891—but nobteeht least two dozen notable fires had
burned along the Colorado Front Range during tfer palf-century (Veblen and Donnegan
2005, 53-54, 56, 113-114, 142-144; Steinberg 26647; Noel 2012).

The impacts from these forest “protection” efforégsy. At the lower life zones in
Colorado (below ~7,500 ft), and to a limited extenthe upper montane life zone (below ~9,000
ft), wildfire suppression had its most significamipact, although one should note that the effects
of wildfire suppression are not the only impactstw@onsidering (Veblen and Donnegan 2005,
65; Kaufmann, Veblen and Romme 2006, 4-6). As fivese suppressed, smaller, weaker trees
and dense underbrush that would normally have Ipstissurvived, causing forest fuel loads to
accrue (Veblen and Donnegan 2005, 65, 120-121)opka, park-like stand conditions gave
way to dense, young stands of Ponderosa piimei§ ponderosgdrees in the lower montane.
Trees in these denser stands are prone to stress dompetition for resources (soil, water,

sunlight, etc.). This stress increases tree subdégtto insect epidemics, such as the mountain
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pine beetle, and parasites, such as dwarf mist{@@euthobiunspp.) (Veblen and Donnegan
2005, 120).

With upper montane lodgepole pirféirfus contorta forests, fire suppression impacted
stand conditions but not with the same efficacyils lower montane stands. Euro-American
miners increased the rate of logging and fire©ilate 19-century in Colorado. Large areas
were cleared in a short period of time. As the midesed, trees regenerated and over time
created swaths of even-aged stands. With few Isegée disturbances occurring during the past
century, few younger-aged stands developed. Thatirgg forest stands are homogenous and
near the end of their 100-to-150 year life-cyclewgver, they are still within the forests’
historic range of variability, and the current fstréealth impairments may not be as abnormal
(Veblen and Donnegan 2005, 123-124).

Over the long run, fire suppression at higher glema may not initially translate into a
direct exacerbation of the wildfire threat but atisre like an accessory that creates conditions
conducive to large insect and pathogen outbrésdsin turn, aid widespread, high-severity
wildfires. At lower elevations, fire suppressioffiogfs constituted a vicious negative feedback
loop resulting in conflagrations that, during thespdecade, burned longer and hotter and caused
more damage (Pyne 2001a, 75, 150-151; Pyne 2008k2729; Arno and Allison-Bunnell 2002,
16-22). This feedback loop appeared to reach aniintapeXin Colorado in 2002 when the
state experienced its worst wildfire season onneféront Range Fuels Treatment Partnership
2006). For instance, one of the year’s low elevatices, the Hayman Fire, burned nearly

138,000 acres and cost more than $200 million (BLer acre) to suppress. This total includes

" Initial costs for the subsequent 2012 and 2018fisl seasons are being tallied at the time ofimgijtbut these
seasons are expected to be some of the most expedsstructive and deadliest on record for Color&lease see
the Epilogue.
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costs incurred by industries (e.g. tourism, insceamtc.), which continued to accrue in 2003 at a
rate of approximately $22 million per year or ng&160 per acre per year (Lynch 2004). The
Western Forestry Leadership Coalition (WFLC) (206&loged similar accounts from other
fires in 2002.

Costs for largely reactive solutions (e.g., extisbing established wildfires) are
expensive; costs for more proactive approaches pikscribed burns and mechanical thinning,
used to reduce forest fuel loads are lower by coispa but are still high enough to discourage
their widespread implementation (Lynch and Macka@3). Proactive thinning treatments that
used the wood for product for the lower montanesatong the Colorado Front Range can
range from $679 to $1,085 or more per acre (LymzhMackes 2003). Conservatively assuming
an average of $1,000 per acre as a base treatosrdarad then multiplying this cost by the
footprint of the 2002 Hayman Fire gives a total dtyyetical proactive treatment cost of nearly
$138 million. Considering the initial $200 millimost figure for a reactive response to the
Hayman Fire, which included the death benefit pgekdor five firefighters and excludes the
projected $22 million increase for just the firgly after containment, the lower $138 million

fixed cost associated with the proactive approachbargain by comparison.

1.2.3 Parasitic Insects and Plants in Colorado

In addition to wildfires intensifying, the lack afje class diversity, due in part to fire
suppression, enhances the impact of other foredthhinreats. The mountain pine beetle
(Dendroctonus ponderosae HopKimsthe most visible insect agent in terms of angaacted.
Whereas forest lands in Colorado cover an areaitigeof Maine, the area impacted by the
mountain pine beetle (MPBs) spans 3.3 million a(@3FS 2012b, 8), or slightly larger than

Connecticut (see Figure 1.4).
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While significant in size, the current MPB epidens@lso a time-sensitive matter.
Beetle-killed trees may remain on the stump anduligar solid sawn wood products for up to
five years and weight losses for trees that haea Iséanding dead for a decade may be as little

as 1%.

R j 1598~ 1998 MpE (@ 2ou2. 2004 el 2008 2010 MPB
- Lpve- o0t mre el 2005 - oorwee @ 201 MPE

Figure 1.4: The Mountain Pine Beetle Epidemic in Ndh-Central Colorado, 1996-2011

Source: Adapted from CSFS (2012, 7). The red aaemsew attacks from 2008-2011 while
shades of orange and yellow are attacks from 199%¢2

Wood pellets and forest energy products may hdeager window of opportunity—perhaps
over a decade. However, while standing dead tregsremain economically valuable for some
time, some will blow down within two to three yeafser mortality and 90% of them will be on

the ground within 15 years (Lewis and Hartley 2QI), Once on the ground, the industry’s
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costs to remove the material from the forest ineeess the timber, which usually falls in a
jackstraw pattern, requires additional, specialdfiag. Consequently, the amount of
accumulating material and the timber loss valual tmduld be substantial. For instance, in Grand
County, Colorado, timber value losses are estimateder $1 billion (Mackes et al. 2010).
Given the limited resources available for foreshagement, agencies are unable to
counteract or mitigate an epidemic of these progast thus, planning for the next forest instead
may be appropriate (Kaufmann, et al. 2008, 9-1F&£3007, 4-6; CSFS 2008a, 20-27). Plans
could focus on diversifying age classes throughtatjic patch cuts to break up monoculture
lodgepole pine stands. In addition, with an esteadd&0% of all Colorado lodgepole pine stands
and 20% of ponderosa pine stands infested with fdwitletoe (a parasitic plant) plans should
also incorporate tactics to eliminate infesteddreereduce the likelihood carrier trees could

infect saplings in the future (CSFS 2005, 7; CSB867218).

1.2.4 Public Safety in Colorado Forests

With more people moving to the forests combinedhwitreasing fire severity from
unmanaged stands and years of “catastrophic” (RenRO08) beetle-killed tree mortality rates,
the risks to public safety are increasing. Foransg, the start to Colorado’s 2012 wildfire season
saw over 500 homes destroyed, over 100,000 acresdband six people lose their lives. Most
of these losses were sustained in just two firesHigh Park Fire, which began outside of Fort
Collins, and the Waldo Canyon Fire, which startatsime of Colorado Springs but quickly
found its way into the city, forcing more than 3X)Qoeople (or about one out of every 13
residents) to evacuate (Parker 2012; Udell 201&)is8ue for the High Park Fire was the
thousands of beetle-killed trees. As it churnedtwasl, the fire entered stands that were 70%

beetle-kill, dashing hopes for quick containment@hee 2012). While a tree’s fire risk
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typically declines within two-to-three years afteortality due to the shedding of their needles
and fine branches, these forested acres were headested. This recent mortality meant the
trees still had their highly flammable dead needlesheir branches. Even if the High Park Fire
had not burned these temporarily highly flammat#eg, the intermission between fires might
have been short. The beetle-killed trees will ewaly blow down. New saplings establish
themselves between the jackstraw logs and theisikewill increase again as the new saplings
can carry the fire into fallen trees, making fitgppression more difficult, more hazardous and
more expensive (CSFS 2010b, 31).

The increasing human presence in forests heavilphinsect and disease has increased
the risk for injury and fatalities beyond the threawildfire. On September 8, 2009, a USFS
sawyer and spotter were removing trees in GrandypCGolorado. The sawyer had just begun
felling one tree when a second tree, which wadédé@dted, began to fall. Luckily, the spotter
saw the moving tree and pulled the sawyer out ohisaway. The beetle-killed tree landed
precisely where the sawyer was standing only mosnlegfiore. The fallen tree had previously
been evaluated for defects and none were detdatteds not in contact with the tree the sawyer
was working on and winds were below five miles lpeur so the saw crew did not detect any
obvious hazard. A photo of the scene immediatebyr dfie incident is shown in Figure 1.5
(McFall 2010). From the photo, one can see thatrdess base was completely rotten but this
defect would not have been visually apparent tcstveyers.

Others have not been as lucky. Kevin Pellini, aygygn Grand County, Colorado, was
interviewed by local media in early July 2007 abiinat need to reduce forest fuel loads,
particularly trees threatening residential areatld more than a year later on October 24,

2008, Mr. Pellini was piling slash from a beetlddd lodgepole pine stand he was treating near
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Grand Lake, Colorado. The winds intensified while Rellini was working and knocked down
one of the remaining trees. The tree struck Midifekilling him. His death is the first beetle-

kill-related fatality of the current MPB epidemiRénoux 2008, Bublitz 2008).

Figure 1.5: Photo of a Near-Miss Involving the USF$ Grand County, Colorado

Source: McFall (2010). Note the orange wedge remgion the target tree’s stump.

Other impacts are indirect but stem from the pugdifety concern. In 2007, the USFS
proactively closed two Colorado campgrounds, eaithh 300 camping sites. The USFS lacked
the funds to remove the dangerous beetle-killegstreaking the closure necessary to protect
recreationists. The closures cost the agency c4@0,800 in revenue. In 2009, 32 campgrounds
were closed, with 17 closed for two weeks, 14 ddse the summer and one closed

permanently—all due to the MPB epidemic. As the hanof rotting and falling beetle-killed
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trees increases, estimated up to 100,000 stengagar more in the MPB epidemic’s footprint,
the impacts and risks to public safety will increas well (Renoux 2007; Sorensen 2010;

Dickinson 2010; Finley 2010).

1.2.5 Climate Change and Colorado Forests

Climate change refers to a phenomenon in whichajleleather patterns are altered by
changes in the Earth’s solar radiation budget. @ienchange occurs when short wavelength
radiation from the Sun enters the Earth’s atmosphEre radiation is then re-emitted from the
Earth’s surface as long wavelength radiation. Afphesic greenhouse gases (GHGSs) trap this
radiation in the form of heat. While GHGs do ocnaturally, the levels of anthropogenic GHG
contributions to the atmosphere, particularly affter Industrial Revolution, are increasing at a
rate faster than the rate at which these gasesm@@ved through natural processes. Many GHGs
last only a few years in the atmosphere while atlsan last thousands of years. Given that
synthetic sources of GHGs include electricity pretehn, transportation emissions, heat
production and land use changes including defaiestaemission rates are not likely to decrease
in the near future (Leggett 2007; Leggett 2009;ivkieimer et al. 2008, 125-128).

Because climate change stems in part from defdr@stand because climate change also
impacts forests, it is an important consideratimmférest health in Colorado. A significant
increase in temperature could have substantiabgmall impacts. For instance, warmer
temperatures could lead to decreased precipitatitgrms of rainfall and/or snowpack. This
drop is significant. Due to increasing populati@olorado will see an increased demand for
water from its forests but a decreased supply fiteraltered climate. Forest habitats could
migrate “more than 2,000 feet in elevation or 20@snorth” in the Rocky Mountains, which

would eliminate the habitat for some plants andrahs, extirpating them or removing their
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range from the United States (Malmsheimer et @82Q30). Warmer temperatures might also
help pests, such as MPBs, expand their range,aserene frequency of their attacks and/or
increase the duration of their outbreaks (Malmsieeiet al. 2008, 129-130).

Indirect impacts to other forest-dependent concamght be just as significant. While
increases in carbon dioxide may actually increaseamount of forest biomass available, the
resulting temperature increase from the GHGs wally negatively affect skiing and water-
based recreation (e.g. stream fishing, lake-basa@ation, etc.) or alter leaf chemical
composition that negatively affects herbivore Headl¥armer weather may help increase the
frequency and intensity of wildfires, which mayturn affect human health from emissions,
destroy vital habitat for endangered wildlife, cl@gervoirs with increased soil erosion and/or
reduce recreation receipts—similar to what Colorexjeerienced during the 2002 wildfire

season (Malmsheimer et al. 2008, 129-131).

1.3  Energy Insecurity in Colorado

Colorado consumes tremendous quantities of eneayy2011, each Coloradan
consumed about 289 million British Thermal Unitsu® (U.S. Department of Energy [USDE]
Energy Information Administration [EIA] 2013a). Mus-90%) of the BTUs consumed came
from coal, natural gas and oil/petroleum (see FEdu6) and each fuel type dominates a market
niche. Petroleum/oil is used to meet almost al®Apéf the state’s transportation and other liquid
fuel needs. Coal-fired power plants generate no&%) of the electricity used in the state.
Natural gas (“gas” from here on) meets most of @ulo’s heating needs (~75%), although
some (~25%) of it is used to make electricity arstnall fraction is used for transportation.

Renewables meet about 5% of Colorado’s energy négdsopower and wind contribute the
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most to electridy generation while biomass, both agricultural éovést, contribute the most
heating and liquid fuels production (USDE EIA 2018ISDE EIA 2013c; USDE EIA 200¢
Unlike forest resources, Colorado uses substanuihtities of its own fossil fut
resairces. The state produced over 39 million barre®011, which is part of an increasi
trend in production beginning in 1999 (USDE EIA 2d1COGCC 2012). Despite produci
large quantities and exporting nearly $280 milliorcrude oil products in 20! (Svaldi 2010)

the state overall is a net petroleum impc

: Solar
Wind 0.12%
3.47%
Biomass
Geo
2.04% 0.05%

Renewables

—~—__ 5.08%

Figure 1.6: Colorado’s Energy Consumption by Source, 2011 (Estiate)

Source: USDE EIA (2013b\ote: EIA reports 0.0 trillion Btus for nucleenergy and 59.
trillion Btus for the net interstate flow of eleicity (not shown). Totals may not equal 100%
to rounding.

The state consumes almost three times the amoyetiaiieum it produces each year and
deficit is met with imports from Texas, Oklahomalaff'yoming (USDE EIA 2013e; USDE EI

2009). For coal, Colorado is a net exporter, protyaround 27 million strt tons of coal eac
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year and exporting about 57% to the Eastern UrStates, Mexico and Europe (Carroll 2012,
1). Colorado uses about 40% of the natural ga®dycres (USDE EIA 2009).

Most fossil fuels exist in deposits located inio&g or geographic basins that are at lower
elevations than most forests. Coal deposits erdéuabout 30% of the state’s surface land. The
Western Slope has most of the coal containing ihieelst amounts of energy per unit (e.g.
anthracite and bituminous coal) with high concerars between Grand Junction and Glenwood
Springs, near Craig, and around Durango in thehsgegt and Walsenburg in south-central

Colorado (see Figure 1.7).
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Figure 1.7: Coal Deposits and Power Plants in Colado, 2011

Source: Carroll (2012).
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Almost all of Colorado’s coal mines are locatedastern Colorado and producers must
normally transport product long distances by railldoth domestic consumption and export. Oil
and gas deposits are located in eleven distindbgeobasins throughout the state which wrap

around the state’s mountainous middle (see Figi®e 1

s [
SandWash Basin

Denver (DJ) Basin

Basin

EXPLANATION

Oil and Gas Basins
Outline
0il, Gas, and CO2 Fields
#t MNatural CO2 Deposit
® Gas Dominates Production
w0l Dominates Production

Figure 1.8: Oil and Gas Drill Sites and Basins in Glorado, 2002

Source: Wray et al. (2002).

8 The referenced map is available onlinép://geosurvey.state.co.us/energy/Qil/Pages/Qilsspx(accessed
July 25, 2012). However, an update by the Coloi@dological Survey and COGCC will not be completatil late
2012. Self-generated maps are available from th&CO but they cannot distinguish between wells phhatiuce
mostly oil versus those that produce mostly gas.
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Gas production dominates in these areas and dralativity continues to increase. According to
the COGCC (2013), over 51,500 oil and gas wellseveetive in Colorado, up from a little over
22,500 wells in January 2002, with 87% of all agtivells located in six counties, most of which
are located in just Weld and Garfield Counties.

Like coal, oil and gas production has increasetthastate’s population (demand)
increased. Gas production increased from 1.52hillubic feet per day in 1995 to an estimated
4.69 billion cubic feet per day in 2012. Petrolepraduction more than doubled from 52,900
barrels per day in 1999 to 135,300 barrels perin2p12 (COGCC 2013). With production and
prices increasing and with Colorado heavily depanda liquid fuels, any emerging problem
involving these fuels will affect the state’s paogtibn. Proponents might be inclined to frame
such emerging problems in such a way that foreshass is perceived as a solution, whether in
opposition to or congruent with contemporary fofis#l use and development. For instance,
forest biomass could be converted to activatedara(bio-char) to decontaminate oil and gas
well pads. Forest biomass can also be convertedaistibstitute liquid fuel or used as a

substitute heat energy source.

1.3.1 Fossil Fuel Price Fluctuations

One of the more easily recognized problems of &t gecade concerns fossil fuels’
price volatility. Whether for electrical energyqliid fuels or thermal energy, prices can shift
suddenly, often leaving consumers with little dedimmary income and forcing them to choose
between necessities (“heating or eating”). Forainsg, the real price for regular conventional
gasoline in the U.S. tripled between December 20@LJune 2008. Prices reached a low in
January 2009 only to quickly rise again by Aprill200n the national level, prices mirrored

Colorado’s own experiences as shown in Figure USOE EIA 2013f; USDE EIA 2013g).
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Record high retail prices for residential naturas gemained consistently volatile, ranging in
Colorado from a low of $5.27 per thousand cubi¢ (8#CF) in February 2003 to a record high

of $15.96 in August 2008 as shown in Figure 1.188 EIA 2013h; USDE EIA 2013i).
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Figure 1.9: Real Retail Price for Regular Gasoline2000-2013

Source: USDE EIA (2013f; 2013g). The blue line with marks indicates US real retail price;
the red line indicates Colorado real retail prideeal prices in 2013 dollars were calculated by
the author using the Consumer Price Index.

Energy price spikes are regressive, which are msigreficant for people in lower socio-
economic brackets. According to the Colorado Fifadicy Institute, one out of every five
families in Colorado lives below the Self-SufficgnStandard, which is the income level a
family of four would require to avoid relying onIplic or private assistance and could be
considered a more inclusive and detailed measupeadrty than the federal poverty line
(Pearce 2007, 4). More recently, the National HogiSonference’s Center for Housing Policy

(Viveiros and Sturtevant 2014, 4) found that 20%lbfColorado families spend at least 50% of
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their income on housing costs. As fuel prices iaseg families living below the Self-Sufficiency
Standard and facing high housing costs endurertregay hardship as a proportionately larger
percentage of their limited incomes are used feidoaecessities than those families maintaining

a higher standard of living.
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Figure 1.10: Real Residential Price for Natural Gas2000-2013

Source: USDE EIA (2013h; 2013i). The blue line witk marks indicates US real retail price;
the red line indicates Colorado real retail prideeal prices in 2013 dollars were calculated by
the author using the Consumer Price Index.

1.3.2 Additional Consequences of Continued Fossil FuéhRee

While price spikes can influence consumers’ behathey can also influence producers’
behavior. Increases in fossil fuel prices increasentives for energy producers to expand.
However, energy development can be expensive akg aind the results can be unpredictable.

Another problem with fossil fuel dependence is t@hmunities developing around energy
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production are subject to the volatile economicantp from market, social and environmental
changes, positive and negative.

Garfield County, Colorado, is the quintessentiaragle. This Western Slope county
experienced a natural gas development boom gotoghe 2000s, which helped keep
unemployment levels below the state’s and natiamatage unemployment rates (see Figure
1.11). The period of low unemployment, about twocpat less than the state’s rate, continued
until the gas price drop in 2008 (Garfield Countgrfaing Commission 2010, 10). Still, the

county enjoyed prosperity for a time and benefigaldstantially from the increased

development.
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Figure 1.11: Unemployment Rates for Garfield CountyColorado; Colorado; and the
United States, 2000-2013

Source: USDL BLS (2013).
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Oil and gas property tax revenues constituted ab8ui of the total property tax base for
Garfield County in 2011 (Garfield County Financep@gment 2012, 7). The top 10 taxpaying
energy development companies’ valuations excedulffin (see Table 1.1).

Table 1.1: Top Ten Largest Oil and Gas Taxpayers iGarfield County, Colorado

Company 2010 Assessed Valuation
Williams Production $877,643,020
Encana $366,842,110
Bill Barrett Corporation $153,967,320
Petroleum Development $68,926,510
Bargath $72,829,530
Oxy USA $57,977,080
Noble Energy $53,073,370
Enterprise GasProc. $52,473,310
Chevron $48,358,220
Antero Resources $31,414,070

Source: Garfield County Finance Department (2012, 8

In addition, these companies are philanthropists.ifistance, the EnCana, Williams and Shell
Oil companies contributed $4.6 million to buildiaghew Colorado Mountain College campus in
Rifle, Colorado. Williams and EnCana also split st of a new $36,000 electronic sign for the
Garfield County Fairgrounds. Housing permits inl®ifColorado, jumped by 50% and average
housing prices, in the midst of the ongoing natidnwaising crash, increased from $250,000 to

$300,000 over the course of one year (Tharp 2009).
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This substantial economic growth has come wittwgrg pains. The school system
student population, which was historically incregsby 1.5 percent each year, faced a 6%
annual increase starting in 2002. The aforementianamatic increases in housing prices have
priced teachers (and other social service provjdmrsof home ownership. In 2007, Garfield
County Schools lost 54 teachers with many citingdag costs as the reason for leaving. While
renting might be an alternative, it is no guaramteaffordable housing. In Battlement Mesa,
Colorado, one resident saw her rent increase aylerfriom $750 to $1,000 per month (Tharp
2009). Population increases are also straining @h@al services. Garfield County hired 15
new deputies in 2002 to address a 600% jump irulissand substance abuse incidents. Rio
Blanco County faced a more significant crime prabkes incidents in the Piceance Basin
increased from a mere five cases in 2003 to 1,686xin 2007. Increased truck traffic has led
governments in Rifle, Colorado, and Garfield Coutylorado, to seek hundreds of millions of
dollars for infrastructure improvements that widl beeded over the next few years (Tharp 2009).

Reported negative environmental impacts also dedm increasing. Energy
communities’ residents have reported feeling siblemvexposed to drilling waste, whether those
free flowing wastes are absorbed by children playincreek beds, ingested by residents with
their well water or inhaled by employees while wagkoutside. Wildlife in the region is also
impacted. In Wyoming, reports have shown that ndeler populations in proximity to the
Pinedale Anticline gas field decreased by 46 péréerother report showed oil and gas drilling
development forced pronghorn off their winter raigearp 2009).

Certainly environmental impacts are not isolatetheWestern Slope. As shown earlier,
tremendous amounts of drilling and pumping occuiVeld County, particularly in the

southwestern portion of the county. Water wellsenbgen contaminated by a variety of
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hydrocarbon compounds and are suspected to have from oil and gas development
activities, especially given the high concentrasioh pollutants near wells. Seeping chemicals,
allegedly from at least one leaking gas well, @datater so polluted that it sets off carbon
monoxide detectors as it emerges from the tap ande ignited. In at least one case in Fort
Lupton, Colorado, a couple risked having their h@axplode from well water that is 73 percent
dissolved methane (Hemmat 2009a, 2009b, 2010a,2010

Additional impacts are statewide in nature. Sudoéssmpanies removed one million
dollars’ worth of product from Colorado wells evet§ minutes in 2009. While revenues are
substantial and removed products taxed at thalaisibn point, for the consumer, the tax
exemptions for producers reduce Colorado’s effectverance tax rate to the lowest of all top
energy-producing states. For instance, wells thadyce less than 15 barrels of oil per day or
that produce less than 90,000 cubic feet of nagaalare called “stripper” wells; these wells are
exempt from severance taxes. Almost all of Coloksadib wells (>95%) and roughly 75% of
natural gas wells are stripper wells; they prodé@% of the state’s oil and 20% of the state’s
natural gas. Because these products are not stibjseterance taxes, Colorado forfeits over $62
million annually in lost tax revenue. To place thuss in perspective, one year’s worth of
recouped severance tax revenue would pay for infietsire improvements to cover impacts to
roads and services from increased drilling actiintiRifle, Colorado, for five years (Minor and

Jones 2008, 1-3; Tharp 2009).

1.3.3 Alternative Fossil Fuels
Price increases not only stimulate additional evgtlon activities but they can also
stimulate the search for substitute or alternagivergy. For example: when energy price shocks

occurred in the 1970s, Presidents Nixon, Ford aadeCenacted measures to promote greater
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energy independence for the United States. Pdhtesk reform efforts promoted alternative and
alternative, renewable energy technology developmesubstitutes for fossil fuels. One of
these technologies was the development of oil sbale (Scamehorn 2002, 163-166, 180-187).
Oil shale is an umbrella term referring to any seghtary rock that contains kerogen, which is a
substance that releases petroleum-like liquidsnataral gas-like emissions when exposed to
high temperatures (~650-900°F). The material malydaged (“retorted”) either after it has been
removed from the ground through conventional serfaming techniques or while the material
is left in place (“in situ retorting”). Both optisrhave strengths and weaknesses (USDI BLM
2006; USDI BLM 2008; Bartis et al. 2005, 11-23).

Oil shale is significant for the United States hesmit could provide economic benefits
through royalties, increased employment and deedceaspenditures on imported fuels. Oil shale
also could benefit national security by diversityithe nation’s energy portfolio meaning the
United States would be less beholden to otherroidipcing countries whose policies and
interests may run counter to its own (Bartis eR@D5, 25-33). Colorado stands to benefit more
so than other states because the Western Slopam®stignificant quantities of oil shale.
Estimates from the USDE EIA (2009) suggest thahary as one trillion barrels of oil may be
recoverable from Western Slope shale; in other sjd@lorado oil shale could produce more
recoverable oil than the world’s current total pFowil reserves.

However, recovering oil shale is difficult. Forerhashale-derived oil is not a perfect
substitute for crude oil. Kerogen is missing thenponents that make up natural gasoline and the
heavier hydrocarbons that industry can processgasoline. Shale-derived oil is more suitable
for other products such as diesel fuel or jet {@eldrews 2008, 5). Also, recovering shale-

derived oil will necessarily involve substantiahthimpacts. Extraction for surface retorting will
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require miners to remove 1.2 to 1.5 tons of shale¥ery barrel of shale-derived oil. Crushing
extracted shale, part of the surface retorting ggscwill increase the material’s volume by 15
percent to 25 percent meaning that processed, shata will not all fit when returned to its
original space. In situ retorting will disturb lesarth but will still require “a decade-long
displacement of all other land uses and of preiagdtora and fauna at each development site”
(Bartis et al. 2005, 35-37; Andrews 2008, 5).

Oil shale recovery could also lead to higher airssmons for criteria air pollutants (e.g.
NOy, SQ, VOCs, PM and CO) and also for toxic metals swghraenic, mercury, cadmium and
selenium. Methods exist to control these air erarssbut their efficacy and costs in Western
Colorado may be difficult to determine as the mesent studies date to the early 1980s.
However, even the potential for emissions may lmeigh to discourage shale development.
Carbon dioxide, a GHG, is emitted by the fossil§umnsumed to heat the oil shale and through
other steps in the manufacturing process and #msssions in total may be 1.5 to five times
higher than those released by conventional petnoletoduction. These higher emissions are
cause for concern as the Energy Independence anditgé\ct (EISA) of 2007 prohibits the
United States government from buying oil that wasdpced using methods that create more
greenhouse gas than standard extraction of regulde oil using a life-cycle analysis. Thus,
federal incentives for oil shale extraction arekiag (Bartis et al. 2005, 38-40; Andrews 2006,
21-23; Andrews 2008, 11-13).

Water quality and quantity could be impacted bysbile recovery operations. Oil shale
operations could leach salts and toxic metalslotal watersheds. As with air emissions,
methods exist to address potential water contammatsues but the current body of knowledge

is insufficient to determine how effective thosethogls would be over a long period of time.
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Also, water quantities will likely be impacted. Euxers typically requires between 2.1 and 5.2
barrels of water for every barrel of shale-deriedgroduced. Water for this purpose would need
to be shifted from the Colorado River Basin. Subsadjy, any successful oil shale effort may
disrupt water consumption patterns in the Colofdder Basin as mining, processing and
reclaiming oil shale all require water (Bartis et2905, 40-42; Andrews 2008, 13-14).

Finally, the economics of oil shale production nmayder efforts. Current state-of-the-art
surface mining can operate in surface retortingatpms but these operations typically require
oil prices in the range of $75 to $90 per barrddediscally feasible. In situ retorting may be
more competitive with conventional petroleum preoeg when prices are roughly $30 per
barrel. Shell Oil's experimental Mahogany Resed&tatject in the Piceance Basin claims to be
successful on a small scale but larger commereialahstrations will require additional
research, time and funding. Even if the experimgnacess proves successful, large-scale
commercial applications will take decades to dgv¢Rartis et al. 2005, 22, 44; Shell Energy
North America 2007).

Price comparisons with conventional oil are usafitlonly in gauging economic
feasibility but in describing Colorado’s experiemveigh oil shale. At least three boom-bust cycles
have occurred in the state during and, for a teftey key crises: World War |, World War Il and
the Energy Crises of the 1970s. In each instaheepeérceived petroleum shortage, followed
closely by accompanying price spikes, dramaticaltyeased interest in developing oil shale on
the Western Slope. However, in all three instamuesest deflated soon after the price spikes as
the market was flooded with cheap petroleum caugsiagpooms to bust (Scamehorn 2002, 146-

147).
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The experiences of the most recent boom-bust eyalebe most telling for Colorado.
After the initial energy price shocks of the ed70s, the federal government, as noted above,
began a number of programs to promote energy imtlgmee, including subsidizing oil shale
recovery. A number of large energy companies usesktincentive programs to foster oil shale
operations in Colorado despite untested recovehnit@ogy, a nonexistent labor force and no
guarantee of returns (Scamehorn 2002, 180-187 p12209).

However, the high oil prices that had been sugtgithe rush petered out in the early
1980s. By early 1982, oil companies realized tbiéishale efforts would not be economically
feasible without increased subsidies. On May 22188own on the Western Slope as “Black
Sunday,” Exxon USA withdrew from its oil shale grofs quickly. The boom transformed into a
bust—literally overnight as about half of the 5,0@6idents of Rifle, Colorado, were laid off.
The mayor of Rifle reported that his home depredadty $40,000 in one week. About 10,000
workers lost their jobs over the following weeksajt Colorado energy companies suddenly
found themselves out of work. The emergence of gipedroleum devastated energy
communities in the Western Slope and related imdssstatewide (Scamehorn 2002, 180-187,

Tharp 2009).

1.3.4 Renewed Interest in Intermittent Renewable Energy

In addition to problematic unconventional fossiéfg} price increases combined with
potentially devastating social and environmentglacts from continued oil and gas operations
encourage the development of alternative and reileviaels. Alternative, renewable energy
projects are typically expensive to implement. 8yspayback periods are calculated by
comparing expenditures on the renewable energgrsyshcluding fuel, to the status quo i.e., the

fossil fuel system currently in place. Thus, insesin fuel prices make previously infeasible
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alternative and renewable energy technologiesudhicy forest biomass, more attractive as cost-
benefit analyses show shorter payback intervalsraardased likelihood of a return on
investments.

To further encourage renewable energy projects;ypoicentives can be created to help
with market development and subsidize technologleakelopments. These incentives in effect,
can help place renewable energy projects on a suural footing with their fossil fuel
counterparts. Colorado, for example, has promuthsgéeeral incentives over the past decade.
While most of the attention focuses on solar anabvechnologies, some efforts also address
other technologies, including biomass, hydroelend geothermal.

One of the first incentives passed in 2004. Colansdsoted favorably on Amendment
37, making Colorado the first state to enact a Reibée Portfolio Standard (RPS) through the
citizen initiative process. An RPS requires engngpducers to either produce or obtain a certain
percentage of their electricity from renewable sear The Colorado RPS (“Renewable Energy
Standard”) stated that by 2015, 10% of electrifiityn large, investor-owned utilities (I0Us)
would have to be produced by alternative, renewabérgy sources, including biomass. Given
the progress made by utilities, in 2007 Colorad#eseral Assembly increased the RPS
percentage to 20 by 2020, with additional regutegitior rural electric co-operatives and smaller
utilities. In March 2010, the General Assembly alskiB 1001 that again increased the required
percentage in the RPS. By increasing the percemtagjectricity from IOUs from 20 to 30,
Colorado enacted one of the most aggressive RBf® inatiort. In 2013, the Colorado General
Assembly promulgated additional RPS-related requars for electric cooperatives as well as

generation and transmission cooperatives (Colo&elmeral Assembly Senate Bill 252).

® Currently, Hawaii has the most aggressive (40%psRPS requirement. California is second at 33%.

38



However, the increased attention to renewable gregrces is not evenly balanced. In
the initial two RPS bills, the legislation contaiha substantial set aside for solar energy. Of the
total percentage generated, about 4% of the eddgthad to come from solar sources and half of
that amount had to come from solar-based elegtrileét was generated at customers’ facilities.
In the last iteration, the 4 percent set-aside stiagped in favor of pushing direct generationi.e.
encouraging consumers to generate solar powersdnaivn property. Given that the entire
second half of the 2010 legislation addressesehdication of photovoltaic system installers,
the preferential treatment given to solar energgisin obvious. Also, the RPS uses a series of
credit multipliers, which means that one kilowattdh (kWh) generated by a specific provider
will count as more than one for meeting the requerts of the RPS. For example, a solar
electricity project commissioned by a cooperativenanicipal utility before July 1, 2015 will
earn a 300% credit multiplier, meaning every kWH @ount as three. With such inflation,
Colorado is not a “True 30" state i.e., Coloradtualty produces less than 30% of the power it
consumes from renewable energy sources.

The push to promote solar and wind through taxntiges in Colorado is understandable
given the state’s access to the resources bumiitency becomes a potential pitfall. Solar
panels are useless at night and wind does not sedgdlow around the clock. When an RPS
begins to call for market penetration rates thaeer 20%, stability problems may occur with
the electrical grid. These problems may includedratnot limited to: destabilization of the
electrical grid through disruptions in the powenggtion (e.g. clouds over solar panels, wind
speeds suddenly decrease, etc.), an increased déondransmission line construction to carry
new generating capacity from remote locations taeatrated consumers, decreased number of

favorable sites for generating solar and wind enargl excess electrical power generation that
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the grid cannot transport. Some of these probleansime ameliorated with so called smart
technologies (e.g. smart grids, advanced poweag#otechnologies, etc.) but such approaches
are still in their infancies (Enslin 2009; Char309; Hoogwijk et al. 2007; Denholm and
Margolis 2007a; Denholm and Margolis 2007b; Che@20With so much attention paid to
intermittent resources, forest energy proponentglaviikely suggest room exists for more
reliable alternative electricity-generating methédsn sources that are not subject to large-scale

power interruptions or that alternatives to elegtytonly incentives should be considered.

1.3.5 Afterthoughts on Efficiency

As some policies, such as the RPS, target utibtyganies’ electricity portfolios, laws
and regulations often overlook or neglect enerdjgiehcy measures. However, their potential
contributions are too significant to ignore. Retiigj oil shale, an oil shale plant that could
produce 50,000 barrels per day would cost betwé&drilllon and $6 billion if using surface
reclamation or between $3.5 billion and $4.5 hillibusing in situ recovery (Scamehorn 2002,
181). Those same 50,000 barrels would roughly aqomiate what the United States consumes
every three-and-a-half minutes. Instead, if mileeffieiencies for all automobiles in the United
States were increased by 2 miles per gallon, thatepwould conserve 20 times as much fuel
and save consumers $100 billion at the pump (UdadlAndrews 2005).

Energy efficiency measures could also apply tsifdgels and intermittent renewable
energy resources. In one instance, researchersatethfesults from a hypothetical $1 billion
investment in electricity production in Montanangsicoal versus wind. They also compared an
identical investment spent on energy efficiency. ¢aal, an investor would pay for a 500-MW
coal plant built over a period of four years, cieg3,900 plant-related jobs paying plant

employees slightly more than $50,000 per yearwkod, an investor would pay for two 250-
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MW wind farms that could be built within a yeargate 265 farm-related jobs and workers
would earn around $39,000 per year. With energgieffcy improvements using the same
investment to improve residential construction08,jobs would be created with workers
making just slightly less than a wind farm workite{cher 2010). While these numbers do not
include mining for coal or manufacturing for wirtle stark difference in number of high-paying
jobs created during a period of high unemploymeggssts that improving energy efficiency
might be more effective at stimulating the econ@ang reducing consumption than favoring one

energy production platform exclusively.

1.4 Research Questions

With the increased attention paid simultaneouslptest health and energy issues,
policy entrepreneurs have an opportunity to addoesis sets of issues at the same time. One of
these efforts has targeted the use of residuadtfonaterial to produce energy. The purpose of
this dissertation is to analyze efforts to encoartdng four largest federal land management
agencies, according to number of acres managedlte.tyS Forest Service, the Bureau of Land
Management, the National Park Service and the Wb &nd Wildlife Service), to use forest-
based energy in their respective jurisdictions andetail how those efforts have manifested
themselves in Colorado. Research questions addrassas dissertation include:
¢ How and why have federal-level forest energy poilimentives emerged?
e How and why are the incentives, approaches antktgtes for woody biomass use different

among the four federal land management agefiae€olorado?

9 While the Bureau of Indian Affairs and the Depaetinof Defense could have been included, naticeairity
law and Tribal law would need to be considered.ddmhately, their omission from consideration wasessarily
deliberate to keep the project manageable withimbdished constraints.
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e Do state/local governments influence agenda-sefbngBU policies? If so, how?

e Do private citizens influence agenda-setting falefal FBU policies? If so, how?

1.5 Plan of the Dissertation

Chapter Two discusses the potential and pitfallSRIf) for energy in Colorado. Chapter
Three reviews the pertinent literature on modetedgral land management agencies behavior
and identifies a tripartite approach to apply. Geapour catalogs major developments in forest
policy and how those developments have impactedr@adb. Efforts are made to track the
saliency of forest health issues in the state had tease out the streams and policy images and
venues. Chapter Five mimics Chapter Four but stiiiocus to energy policy. Using
interviews from policy entrepreneurs identifiedGhapters Four and Five, Chapter Six
constructs case histories of each of the aforeimead four major federal land management
agencies with regards to FBU as a merger of fgreksty and energy policy. Chapter Seven
summarizes the dissertation’s findings, identiieme related policy implications and suggests

directions for future forest energy research angrowements for implementation.

1.6  Chapter Summary

Forests are the largest land use class in Colaadanost forests in Colorado are
managed by federal public agencies. These forestsralergoing dramatic change largely due to
encroaching human settlements, catastrophic withfeia events, insect and disease outbreaks
and global climate change. At the same time, Cdlm@nsumes large quantities of non-
renewable energy. As supplies become scarcer, epangs increase. Price spikes encouraged
additional oil and gas drilling in the state, sé@< for alternative, unconventional fossil fuels

and developing and promoting alternative, renewabkrgy resources.
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One way to address both forest health issues agrgjerssues at the same time is to
consider options that include public-private parsh@s and decision-making mechanisms for
managing forest resources that could also meeggmereds. Forest energy projects can, in part,
help reach those objectives, although with someifstgnt potential drawbacks. A number of
governmental policies have been promulgated recémgiromote forest energy project
development in Colorado. This study will analyzevitbose policies are implemented on the

ground and suggest improvements.
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CHAPTER 2:FOREST ENERGY IN ANUTSHELL

“As a people, we have the problem of making ouedts outlast this generation, our iron outlast
this century, and our coal the next; not merelyanatter of convenience or comfort, but as a
matter of stern necessity.”

— President William Howard Taft in 1908 (U.S. Senb®11, 5184)

2.1  What is Forest Energy?

Colorado faces threats from unhealthy forests aedgy shortages. Continued expansion
of communities into dense forest stands, increasleffire risk due to millions of insect and
disease-killed trees, reduced revenues availalpahbc safety agencies and altered climatic
conditions threaten forest ecosystems. Meanwhietuating fossil fuel prices, dwindling fossil
fuel stockpiles, discouraging drawbacks from akéne fossil fuels, accruing unintended
consequences from renewable energy technologiddaeking energy efficiency promotions all
do little to improve energy security. These isseespbined with the political problems
enveloping conventional forest products and endegelopment, ensure that solutions will not
be easily or quickly developed or implemented.

One means of concurrently addressing forest hesdtles and energy issues is to harvest
forest fuels (forest biomass) and use them to medmergy. Definedprest (or “woody”)
biomassconsists of “the trees and woody plants, includimdps, tops, needles, leaves and other
woody parts, grown in a forest, woodland or rangelanvironment, that are the by-products of
restoration and hazardous fuel reduction treatamis can be usedd produce the full range of
wood products, including timber, engineered lumpaper and pulp, furniture and value-added
commodities and bio-energy and/or bio-based pradswth as plastics, ethanol and die@dl'S.

Department of Agriculture [USDA] et al. 2003, 2prEst biomass sources include forest growth,
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dedicated short-rotation woody crops (SRWC, e.dow;j hybrid-poplar, etc.), logging and
related residues, fuel treatments, land clearifugs,wood, forest products industry wastes (e.g.
mill residues) and urban wood residue, which inekittee, wood and paper waste streams
(USDE 2011, 8-9, 16-51; National Association oftStaoresters [NASF] 2008, 14; Solomon et
al. 2007, 417; Bowyers et al. 2003, 469). Forest@nis produced when forest biomass is
converted into energy for human consumption. Faastgy can take one of several forms: heat
(thermal energy), electricity (power), liquid fuels some combination of these three forms
(NASF 2008, 4; Zerbe 2006, 8-12). For this dissenta forest energy projects are defined as
facilities that consume forest biomass to produmr@y. Note that the forest biomass consumed

may or may not come from Colorado’s forests.

2.2 Overview: How Forest Energy is Produced
Producing forest energy involves a four-step pret¢esring material from stump to

shelf (see Figure 2.1).

r)“|
Feedstock > Biomass > Bioaneargy
Supply Conversion Distribution

_L/

Figure 2.1: Biomass-to-Bioenergy Supply Chain

Bioenergy

End Use

Source: USDE EERE (2012a, 1-1).

The supply chain figure’s simplicity belies how qolex forest energy production is and the
myriad economic and environmental factors that rbestonsidered. Furthermore, the chart does
not show the social inputs, i.e. stakeholders, Wwinclude coordinating and collaborating inputs
from among “the general public, the scientific/@sf community, trade and professional

associations, environmental organizations, thestment and financial community, existing
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industries and government policy and regulatingoizations” (USDE EERE 2012a, 1-2). Also
not shown in the figure is an overriding concemdostainability. Previously, the federal-level
effort to define sustainability involved “the trgpbottom line,” where the three factors
(economic, environmental and social) are visualagthdependent and sustainability exists

when all factors are properly accounted for andrggct as shown in Figure 2.2. This model is

also known as “weak sustainability” (USDA FS 20L2).

=0

Figure 2.2: Weak Sustainability Model
Source: USDA FS (20114, I-2).

Following this model and the definition of sustdorigy outlined by Executive Order 13514, the
USDE EERE created a weak sustainability-type mtudslincorporated additional details about

other areas where the factors overlap (see Fig@je R project is sustainable when it is
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environmentally sound, economically defensible jguts that "pencil out") and socially
acceptable. Additional characteristics exist: eahlé (economic benefits are distributed equally
among society), habitable (society has healthygsldc live and work while ecosystem integrity
and services are maintained) and feasible (profeatseduce negative environmental impacts

and promote economic benefits should be compeli{ly8DE EERE 2012a, 2-96 — 2-97).

Social
Promote social goals,
rural development, and
workforce training;
reduce oil impons

Equitable Habitable
SUSTAINABLE
Economic Environmental
Lower costs and Feduce negative
enhance economic environmental
opporiunities for all X impacts (greenhouse
stakeholders along the Feasible gases and fertilzer
supply chain; improve runoff) and promote
fuel properties benefits (biodiversity and
land-use change).

Figure 2.3: USDE EERE Sustainability Model

Source: USDE EERE (2012a, 2-96).

A new approach to sustainability employs a “streagtainability” model (see Figure
2.4). This model envisions the same three facteisefore but they are interdependent instead of

independent. The largest factor, the environmsrd|liencompassing as it “is the foundation of
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strong sustainability because the environment pies/natural goods and services that cannot be
obtained through any other means” (USDA FS 201, Bociety depends on the environment
for products and the economy depends on sociaddrions that involve trading scarce

environmentally derived goods.

Environment

Figure 2.4: Strong Sustainability Model
Source: USDA FS (2011, 1-2).

Forest energy projects are no exception. The emwviemt provides the raw material (i.e., trees)
for forest energy projects at a given rate. Sodatyests these trees and converts them into
forest energy using, ideally, the best availabbbt®logy. Human social interactions determine
how and where those forest energy projects mayds# efficiently located and operated.
However, sustainability means that these exchaagebmited by the rate at which the

environment provides the raw materials, often cagotun pricing mechanisms.
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2.2.1 Feedstock Supply
Following the supply chain figure and the strongtainability model, the first step in
developing a forest energy project is assessimgsteek supply availability and determining

how to move that material to a biomass conversaailify for manufacture (see Figure 2.5).

Feedstock Supply
Feedstock
Production f
L . i i Preprocessing .
- ' Harvest . ) Pre-canversion | .
' o And » Shorage B g —", | Transportation | | Blomass 1
- 5| collection | o Puraaton | Comversiond
- A X — o | "
Resource b
Assessmant Feedstock Logistics

Figure 2.5: Feedstock Supply Diagram

Source: USDE EERE (2012a, 2-9).

Feedstock resource assessments (“supply studiéBamibility studies”) are critical for
determining the amount of biomass that is sustéyrealailable, at what distance from the
facility and at what cost per unit. Provided theject is feasible, project designers must then
determine how to remove, transport and store thienmhand if and how the material must be
physically converted to a form compatible with fbeest biomass conversion factory. The
storage stage is particularly vexing for projedigeers because of the large amounts of water

that wood can contain (see Section 2.4.1).

2.2.2 Biomass Conversion

Once forest biomass meeting the necessary spdigfisas transported from the forest to
the facility, then it can be converted into foresergy. Conversion is accomplished through one
of two primary process platforms: 1) thermochemaa?2) biochemical (see Figure 2.6). The

thermochemical platform uses varying combinatioinseat, pressure and oxygen to create fuels,
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chemicals and power from forest biomass. The bimeted platform converts the forest biomass

into sugars, which can then be fermented into diduel and solid co-products.

Binchemical
* Hydrolysis I Swgars and kermediales

* Fusls
s Chemical’ Materiale

Figure 2.6: Conversion Routes from Biomass to Bio@emngy

Source: USDE EERE (2012a, 2-28).

These platforms are distinct in their approach @sdlts but can be complimentary during
energy generation since products from one platioamhelp fuel the other, as in integrated

refineries (USDE EERE 2012b, USDE EERE 2012c, UEBRE 2012d).

2.2.2.1. The Thermochemical Platform

The thermochemical platform includes at least thiisgnct processes: direct
combustion, gasification and pyrolysis. The fifgrimochemical process, direct combustion, is
the oldest and simplest conversion technology.dditembustion applies heat energy directly to

the feedstock to produce carbon dioxide, wateraaititional heat energy (e.g., campfires)
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(Klass 1998, 191-192). However, modern combusty@tesns have evolved beyond the
campfire: a typical large, automated combustiotiesygequires transported forest biomass to
conform to a specified fuel form (e.g. wood chipsrdwood, pellets) for immediate use or on-
site storage for later use. A conveyor system mtvediomass as needed to a wood boiler or
firebox, which is often paired with emission coidtavhere the feedstock is ignited and
combusted. The heat energy generated via diredbgstion is then applied to a liquid, usually
water or water with a hydrocarbon (glycol) additisrea holding tank for steam production. The
steam is then distributed to a building or campetsvork via conduits or specialized pipes.
Smaller systems are typically furnaces or stovasrtiay be able to accept a variety of fuel types
and then use convection, fans or ducts to movéadhéed air (USDA Forest Service [FS] Forest
Products Laboratory [FPL] 2004, 1; Malmsheimerle2@08, 136; Bergman and Zerbe 2008, 2,
6; Zerbe 2006, 7, 9; Kemp and Sibbing 2010, 11).example, New Earth Green Depot in
Lakewood, Colorado, is a distributor of modern watmlves and wood pellet stoves, which use
direct combustion technology.

Direct combustion can assume other forms. Co-fjiaginstance, involves burning
forest biomass in tandem with another feedstogkcally coal, to produce electrical power. A
small portion of the main feedstock, no more th@#Xo 15% by weight, is replaced by forest
biomass in the combustion mix and then burnedadysre steam for operating a turbine
(Bergman and Zerbe 2008, 2; Kemp and Sibbing 202)0,As an example, the W.N. Clark
power plant in Cafion City, Colorado, was permitiader Title V of the Clean Air Act (CAA) to
co-fire up to 5% wood by weight with their totalatdeedstock prior to its retirement on

December 31, 2013 (Prokupets et al. 2003, 204;n@ssiWire 2014).
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Closely related to co-firing is co-generation, whis also known as combined heat and
power (CHP). As the name suggests, CHP projects fouest biomass to produce thermal and
electrical energy at the same time. Much like tineal combustion systems, forest biomass is
used to heat a liquid and produce steam, but idsiEanly providing heat, some of the steam is
used to operate a turbine to produce electricifP@rojects are more efficient because one
process yields two products while using less faahtthe separate operations would require
individually (Bergman and Zerbe 2008, 7; Zerbe 2005. In Colorado, the Town of Nederland
purchased a system that was designed to produbesta@m heat for the town’s community
center while at the same time running a microtwlior producing electricity for the building
(Colorado Governor’s Office of Energy Management @onservation [OEMC] 2005, 1, 8).

Gasification is a second thermochemical processifiGation involves converting
biomass material to a gaseous state through peatmabustion, i.e. oxygen is present in the
combustion chamber but, unlike direct combustiba,amount of oxygen is intentionally
restricted. Gasification makes either “synthetis"da.k.a. “syngas”), which is mostly carbon
monoxide and hydrogen and requires the use of@urgen or steam for production, or it makes
“producer gas,” which does not have the higher eatrations of carbon monoxide and
hydrogen because it uses an air mixture. Makindyer gas tends to be cheaper than making
syngas; however, because both gases have improvaoustion qualities compared to biomass
solid fuels, energy production efficiencies forifjaation tends to be higher than direct
combustion. Gasification systems can be used teerhaht, electricity, sustain a CHP operation,
or even produce liquid fuels (USDA FS FPL 2004Kimes 2007, 11-12; Bergman and Zerbe

2008, 10; Huber et al. 2006, 4052).
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A simple gasification project design is shown iglte 2.7. Ideally, the delivered biomass
feedstock should already match the project’s sjpatibns, i.e. typically clean, woody material
with low ash and moisture contents. If not, theamnat may require additional processing and
handling and subsequently incur additional expense.

Feedstock Bicfuels
Supply Distribution

Balance of Plant

Feedstock | 5 cai i
Procesaing and | Gasilication Gas Cleanup Fuel Synthesis
Handling j J e |

Thermochemical Process Integration - Gasification

Figure 2.7: Simplified Diagram of a Gasification Poduction Process

Source: USDE EERE (2012a, 2-42).

Next, the material is subjected to low oxygen aigth lneat, causing the material to transform
into a gaseous product. The gas is then reformeehtove impurities such as tars, ammonia,
alkali metals and particulates. Finally, the gasosditioned by reducing levels of hydrogen
sulfide and adjusting the hydrogen-to-carbon ratithe gas for optimal fuel synthesis (USDE
EERE 2012a, 2-42 — 2-43). In June 2012, RenewalrlesFEnergy and Pagosa Land Company
in Pagosa Springs, Colorado, was awarded the Pé&gead_ong-Term Stewardship Contract
(LTSC) by the USDA Forest Service (USFS), wheredbmpany will remove trees between six
and fourteen inches in diameter and then use gasdn to make electricity.

Pyrolysis is a third type of thermochemical proc&sgolysis methods use thermal
energy to convert woody material into forest enenggn atmosphere completely devoid of

oxygen (see Figure 2.8). Through pyrolysis, martufaes can produce solids (e.g. charcoal,
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bio-char), gases (e.g. hydrogen, methane, etc.)iguids (e.g. bio-oils). The desired end
products are important considerations becausey/fieedf pyrolysis used determines what
products are produced and in what proportions @ahet al. 2007, 9; Bridgwater 1994, 6;
Huber et al. 2006, 4063).

Feedstock Biofuels |
Supply : Distribution

Balance of Plant

Feedstock I } ]
Bio-0il Fuel
Processing and Pyrolysis -
Handling Stabilization _ Processing

Thermochemical Process Integration - Pyrolysis

Figure 2.8: Simplified Diagram of a Pyrolysis Prodwtion Process

Source: USDE EERE (2012a, 2-44).

Pyrolysis methods are classified by the amouninoé the feedstock is exposed to heat. Labels
such as “flash,” “fast,” and “slow” or “conventioliiare often attached to the pyrolysis label,
however, these terms lack standardized definitsanthe labels researchers attach to their
method could be “arbitrary” (Mohan et al. 2006, B5Be forest biomass’ heat exposure ranges
from as little as a fraction of a second to dayBigh heat, with temperatures ranging between
400-degrees to 1,000-degrees Celsius. Low heaieg,rrelatively low temperatures and long
residence times in the heat maximizes the productisolids (roughly 35% of the final product)
while high heating rates, medium temperatures aod sesidence times maximizes the
production of liquids (roughly 75% of the final jphact) (Bridgwater 1994, 7-8; Bridgwater

2001, 979). High temperatures are indicative oasifgcation process, though pyrolysis does
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produce similar gases that are collected and tberbasted to provide heat energy in order to
sustain the production process (Ebert 2008; Gayall 2009, 34-36; Mohan et al. 2006, 853-
855).

While pyrolysis appears similar to gasificationpeokey differences between the two
processes exist. Faster forms of pyrolysis (esd, fash, ultra) require a dry feedstock while
slower processes are more forgiving. Like syngagasification, the bio-oil generated by
pyrolysis must be conditioned to make it suitaloleuse in a petrochemical refinery; water, ash
and particulate contents must be filtered andxigyen content and its acidity must be reduced.
Finally, once cleaned and stabilized, the feedsi®skiitable for processing into hydrocarbons

suitable for renewable fuel applications (USDE EERE2a, 2-43 — 2-44; Ringer et al. 2006, 6).

2.2.2.2. The Biochemical Platform

Using forest biomass in thermochemical platformcpeses to produce heat is much
more efficient than converting forest biomass quiilils via the biochemical platform (Zerbe
2006, 13-14). However, the United States’ tranggmn industry currently “relies almost
exclusively on refined petroleum products, accoumfor over 70% of the oil used” so the
biochemical platform provides a useful alternatimecrafting liquid fuels suitable for meeting
demand while helping to maintain the nation’s staddf living (USDE EERE 2012a, 1-5). The
biochemical platform, sometimes referred to as'shigar process” or “sugar platform,” converts
forest biomass feedstock into liquid fuels throtigh fermentation of sugars. Using forest
biomass, the biochemical process could producalosit ethanol. Cellulosic ethanol is a liquid
fuel identical to grain-based (i.e. corn-derivetijamol except for one major distinction: the
feedstock for cellulosic ethanol can be derivednftoees, whereas grain-based ethanol is

typically derived from agricultural crops or food#s, such as sugar cane (Brazil), sugar beets
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(Europe) and corn (United States). Also, one ofayy@roducts of the biochemical process is
lignin, a solid “leftover” that can be burned thghuthermochemical means to provide heat to
fuel the biochemical process or a complimentaryieehemical process.

A simplified illustration of a typical biochemicaltoduction process configuration is
shown in Figure 2.9. Although the platform faces shme feedstock supply constraints as its
thermochemical counterparts, the fermentation e must also address its own
technologically sophisticated challenges. A trdésceall is composed of cellulose and
hemicellulose surrounded by a lignin sheath. Tis §tep, pretreatment, must separate the lignin
from the cell wall while also disrupting the struicl integrity of the cellulose crystalline fibers
(see Figure 2.10). The liberated five-carbon swg#ulose is what the platform needs for

subsequent fermentation and liquid fuel production.
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Figure 2.9: Simplified Diagram of a Biochemical Prduction Process

Source: USDE EERE (2012a, 2-29).

Pretreatment may use hot steam, acids, bases, amoranechanical means to remove the
lignin and break down fibers. Because the cell walicture is resistant to pretreatment,

processing costs are high, as much as 17% ofriakgdroduction cost. After pretreatment, the
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feedstock undergoes hydrolysis, where enzymessae to convert the cellulose and
hemicellulose into the sugars glucose and xylasspactively. Using either enzymes or
chemicals, the sugars are then fermented intodifpel, such as ethanol. Fermentation is

difficult because no single enzyme can fermenitidure of five- and six-carbon sugars.
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Lignin ¥ ¥ Callulose enzyme accessible substrate

Amorphous
Region

e -'lq-\ !
e i T
‘- .,

Crystalline | f|
Region ||
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4 Hemicellulose

Figure 2.10: Impacts of Pretreatment on a Plant CéMWall

Source:National Academy of Sciences et al. 2009 (123 dapted from Mosier et al. 2005,
674).

The resulting fermented liquid product must berredi and residual solids (mostly lignin) are
concentrated in a centrifuge for CHP processesnatatly converted into intermediate
chemicals, converted into syngas or pyrolysis pbthey are distributed with the liquid fuels for
off-site end-uses (EERE 2012a, 2-29 — 2-31; NatiAnademy of Sciences et al. 2009, 121-130;

Mosier et al 2005, 673-686; Schnepf 2010, 41-44).

2.2.2.3. The Integrated Biorefinery Concept

One additional platform is the “biorefinery” or tegrated biorefinery” platform. An

integrated biorefinery is a conceptualized secosegation refinery that integrates both
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thermochemical and biochemical platforms at a simggtallation (see Figure 2.11). Mimicking
petrochemical refineries, integration means bioefes could achieve greater efficiencies and
increase the likelihood of commercial success bez#uese new refineries would be capable of
producing a larger array of products, includingety chemicals and materials and heat and
power” while also remaining flexible enough to guice variety of biomass feedstocks (Kimes

2007, 9-10; USDE NREL 2009; USDE EERE 2012a, 1-572- 2-61; Dudgeon 2010).

Biopower

Simplified, generic
conversion pathways

Se—— _
# ‘ Biofuels
‘ » # ﬁ Bioproducts
t l Q Biopower

Biopower to Grid

Figure 2.11: Integrated Biorefinery Diagram

Source: USDE EERE (2012e, 2).

2.2.3 Forest Energy Distribution

Once forest energy is produced in a usable forethind step is distributing that energy
to the consumer. Distribution is achieved by trueld, barge, pipeline or power transmission
line. Trucks are best used for short distancetharcase of ethanol, truck hauling distances are
currently limited by economics to about 300 mifeBarges can carry substantial payloads (1.3
million gallons of ethanol vs. 8,000 gallons perck) but are limited to waterways. Trains are

the most economical means for non-power forestggnenoduct distribution but given the

1 Using data from Jenkins et al. 2008 (see slideantBB44), one would spend roughly the same amdunbaoey
trucking 8,000 gallons of ethanol from Denver t@@t Junction, Colorado, as shipping the same anafathanol
by rail from Denver to Las Vegas, Nevada.
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predicted increase in ethanol production and itrfuasure limitations (e.g., railcar manufacturers
are facing a 1.5-year backlog), railway distribotwill likely be impeded. A 12-inch pipeline

can move up to 4.2 million gallons per day, but¢hemical properties of ethanol (e.qg., affinity
for ambient moisture, corrosive to pipes, etc.) tradlack of currently existing available
infrastructure are significant drawbacks. Additiopigpelines could be constructed using the
right-of-ways developed for petroleum but at castdigh as $1-$2 million per mile (National

Academy of Sciences et al. 2009, 227-239).

2.2.4 Forest Energy Consumption

The final step occurs when consumers use the ferestyy. None of the applications
listed above is theoretical; consumers are curyersing forest energy to meet heating, power
and liquid fuels demands in addition to converfioiggst biomass to other petroleum-derived
chemical substitutes (USDE EERE 2012a, 1-5 — E@est energy consumers range from
small-scale residential users (e.g. pellet stoierge-scale industrial purchasers (e.g.
municipal power plants). However, while the ranfeansumers is diverse and biomass is the
largest energy source of all renewable technologjresoverall contributing percentage to the
national energy portfolio is still low (4.1%), atthgh forest biomass constitutes the majority of
total biomass-derived energy (roughly 65% or al2ou®o of the national energy portfolio)

consumed (USDE 2011, 8).

2.3  Some Advantages of Forest Energy Projects

Given the various possible products that could céroma harvested trees, forest energy
projects provide a number of advantages for busegeand consumers, forest ecosystems and
neighboring environments and for communities andsien-makers. These strengths can be
organized based on the significance of forest greegonomic, environmental and ecological
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and sociopolitical impacts. Economic impacts foonghe availability of resources, such as the
capital, labor and raw material, necessary for @nm@nting a forest energy project. Ecological
and environmental impacts are those physical ceralihns that affect land health, including but
not limited to impacts to ecosystem integrity. Hiyyasociopolitical impacts stem from social
values or political developments that may encouragsiscourage forest energy project
development and implementation. Note that someiderations listed below could fit in more
than one category; for brevity’s sake, consideratiare listed once where their contributions are
considered most significant. The following compdatis intended to be illustrative of

arguments frequently encountered in the literatume is not comprehensive.

2.3.1 Economic Advantages

Recent estimates suggest that the raw materiabdgeduel forest energy projects is
abundant. In 2005, the USDA and USDE co-authonegpart analyzing the potential for
replacing 30% of the United States’ petroleum comgion with biofuels manufactured from
biomass by 2030. This report, known colloquiallyttzes “Billion Ton Study,” found that 1 billion
tons of biomass would be needed to complete théby880” objective and that 1.3 billion tons
of biomass, including agricultural and forest resisl, were available annually and sustainably.
Conservatively, about 368 million dry-tons of thatial could be derived from forests (Perlack
2005, 7, 34). Given that the U.S. currently conssineeighly 147 million tons of forest biomass
feedstock each year, the U.S. could consume dtlgasimes more forest biomass than what it
already does to generate forest energy without immgafuture biomass production (Perlack
2005, 17). The report was updated in 2011 and relses found that the “30x30” goal was still
achievable and that advanced liquid fuel targetssiae Energy Independence and Security Act

of 2007 could be met through 2022 (USDE 2011, xxxi).

60



One approach for removing this available matesigdhrough the use of stewardship
contracting. Stewardship contracting consists mfimber of different management tools used by
the USFS and BLM to achieve land management obgs;tiypically characterized by the
agency as trading “goods for services.” In sucbraract, not to exceed 10 years in duration, the
agency proposes a sale that includes land manageinentives (e.g. stream habitat restoration,
etc.). The contractor is able to sell material bated from the sale to pay for the harvesting work
while also offsetting the costs incurred by thetcactor while achieving the additional
management goals. Stewardship contracting alloveggancy to achieve its management
objectives at a reduced cost while providing ecaapportunities for logging contractors.
Receipts remaining are retained by the responaip@cy for additional projects. The program’s
popularity is illustrated by the increase in thentner of projects from 38 in 2003 to 172 in 2007
(GAO 2008, 4).

Removed material, whether through stewardshipraonor by other means (i.e., service
contract), is suitable for forest energy projent€blorado. Given the state’s colder climate,
forest energy projects that generate heat woulalvantageous for meeting communal and
municipal heating needs (Eckhoff and Mackes 20I8¢se projects can be highly efficient,
ranging from 50% to 80%, depending on the projagpe and scale (see Table 2.1). Some
European Advanced Wood Combustion (AWC) systems lefficiencies approaching 90%.
Compared to electrical forest energy projects,ihgatnd CHP projects tend to be less expensive
to construct, cost less to operate and maintairugedewer raw materials to produce energy
(USDA FS FPL 2004, 3; Pinchot Institute for Consgion and The Heinz Center 2011, 31).

For residential consumers, using forest biomasssriergy might also be less expensive.

The Pellet Fuels Institute (2010) tracks marketnmfation for wood pellets and other thermal
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energy sources. Visitors to the institute’s webaite presented with a table that displays the

national average prices for several fuel sourcedyding national average appliance efficiencies

and calculated cost per million BTUs (MMBtu).

Table 2.1: Operating Costs and Efficiencies for Fast Energy Projects, 2004

Type Utility Industry School Commercial
Electrical
Size (MW) 10-75 2-25
Fuel Use (Grn Tons/Yr) 100K-800K 10K-150K]
Capital Costs ($M) 20-150 4-50 N/A N/A
Operating Costs ($M) 2-15 0.5-5
Efficiency (%) 18-24 20-25
Thermal
Size (MW) 14.6-29.3 1.5-22.0 1.5-17.6 0.3-5.9
Fuel Use (Grn Tons/Yr) 20K-40K 5K-60K 2K-20K 2Q0K
Capital Costs ($M) 10-20 1.5-10 1.5-8 0.25-4
Operating Costs ($M) 2-4 1-3 0.15-3 0.02-2
Efficiency (%) 50-70 50-70 55-75 55-75
Co-Gen / CHP
. 25 0.2.-7 0.5-1 0.5-1
Size (MWy (73) (2.9-44) | (29-44) | (29-73)
Fuel Use (Grn Tons/Yr) 275K 10K-100K 5-10K 5K
Capital Costs ($M) 50 5-25 5-7.5 5
Operating Costs ($M) 5-10 0.5-3 0.5-2 0.5-2
Efficiency (%) 60-80 60-80 65-75 65-75

* Sizes for these facilities are a combination leteical and thermal; the figure on top is elatiand the figure
below in parentheses is heat. (Note: 1MWh = 3.428B%/h; 1MWh requires 1.5 to 1.8 green tons of fre
biomass (NASF 2008, 24))

Source: USDA FS FPL (2004, 3).

Users can “calculate” their estimated costs by ghmanthe national average price to what they

pay out-of-pocket (see Figure 2.12). Using natiqumades at the time of writing, when compared
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to competing sources for heat, wood pellets cacheaper than other substitute goods, such as

fuel oil, propane and electricity.

Wood Pellets
Cost per ton in dollars

S 245
Appliance Efficiency &0 %

Cost per million BTU=518.67

Fuel Oil #2 Electricity
Cost per gallon in dollars Cost per kWh in cents
5 3.58 12 C
Appliance Efficiency 78 Qg Appliance Efficiency 100 LTS

Cost per million BTU=533.25

Cost per million BTU=535.16

Natural Gas LP Gas / Propane
Cost per therm in dollars Cost per gallon in dollars
5 139 5 2.83
Appliance Efficiency 78 o Appliance Efficiency 78 LT

Cost per million BTU=517.38

Cost per million BTU=539.72

Hardwood (air dried) Coal
Cost per cord in dollars Cost per ton in dellars
5 200 5 250
Appliance Efficiency | 60 QU Appliance Efficiency 75 LTS

Cost per million BTU=516.66

Cost per million BTU=510.89

Figure 2.12: Online Comparison of Fuel Prices in Bts, 2012

Source: Pellet Fuels Institute (2012).

In order to sustain these types of forest energjepts, an adequate, continuous fuel
supply must be available. One way to help enswematerial availability is to develop a market
for it. Some policy tools (e.g. loans, grants, iteoentives) promoting forest energy production
have been promulgated at the federal and staté(digeussed below) so conditions could be
favorable for market creation. Lynch and Macke®O@@73) conclude that markets for products

using sub-merchantable and non-merchantable forsistues should plan to include nearby
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processing facilities as that route is the mosheanacal method for treating acres under a well-
designed timber sale.

Market creation might be more efficient, thenafdst energy facilities are located close
to or even co-located with solid-sawn wood produmegsufacturing plants. As an example, when
local mills produce wood products (e.g. Morgan TemBroducts in Laporte, Colorado, or
shavings from Renewable Fil&an Fort Lupton, Colorado, etc.), waste materighisduced.

This material could be used to power forest energjects (USDA FS 2005, 9). Congruently,
local economies should also benefit from the ineedaeconomic symbiosis. The Western
Governors’ Association (WGA) estimates biomass pagulents could create 4-5 jobs per
installed megawatt and that biomass power plamtsypically the largest property taxpayers in
their rural communities (WGA 2006, 26). As theslesjovould require workers to be on site, they
would have to be based locally and thus imposs$@taitsource.

A market that increases demand for new productstnmgentivize private industries to
retool in order to handle the smaller timber ariet tadvantage of the forest biomass market that
was fiscally less attractive. Estimates suggesti@dio spends at least $4 billion on forest
products annually (Lynch and Mackes 2001, iii). Hoer, between 90% and 100% of those
products, depending on the product line, are ingabfitom other states or countries. Substantial
portions of Colorado timber could be used to meat lemand (Lynch and Mackes 2002, 3). In
short, Colorado has the raw material but lacksathkty to convert this raw material to meet its
own forest product needs, including the demanddi@st energy. Consequently, the state

continues to export its monies and environmentakequences to meet its growing forest

12 Carl Spaulding, owner of Renewable Fiber and Begsiof the Colorado Timber Industry Associatioote that
the “lowest price wood chip rides on the back @kd” (Gaul 2010).
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products demand. A robust forest products industjyivenated by a forest energy sector, might
help reverse this trend and encourage state d#iftsacy.

A strong forest products industry might also hedffraly the expense of treating forested
acres. Forest treatments in the Western Unite@$tatn cost as much as $1,000 or more per
acre (USDA FS 2005, 11; Lynch and Mackes 2003, .IMd)tiplying the per acre treatment cost
by the 1.6 million acres that are in the WUI ane aliso within two miles of a community yields
a total cost of $1.6 billion to treat those acrealmout 25% of the FY 2009 USFS budget (USDA
FS 2010). A vibrant forest products industry reliated by a forest energy market might help
reduce taxpayer burdens while also addressingtfbesdth conditions simultaneously. As a
result, industry would reduce fuel loads and tresthtosts would be shifted from taxpayers at-
large to forest energy consumers purchasing aisabta, domestically produced product.

The biorefinery concept could also reduce treatroests for managing Colorado’s
forests. Rather than relying on a single feedstgpk, an integrated biorefinery located
strategically along the Colorado Front Range wdnddble to take advantage of a variety of
feedstocks. Such an installation could use fomstgtock (e.g. residues, short-rotation woody
crops (SRWC), etc.) from restoration projects altreggeastern side of the Continental Divide
along with agriculture residues from the Easteairf3l counties and material diverted from
municipal waste streams (e.g. construction and ¢ieam urban wood waste) from the heavily
urbanized Colorado 1-25 corridor. Also, installasorelying on a variety of feedstocks might be
better insulated from market shocks, i.e. if a #eck’s price dramatically increases, then the
installation could purchase more of another, cheaobstitute feedstock instead. Finally, the
technology and expertise needed to build bioreiiasdnave already been developed by the

petroleum industry (Sims et al. 2010, 1577; USDIRER012e, 2).
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Forest biomass that does not meet the specifieatfar forest energy projects may be
suitable for other purposes. For instance, the Bl .Mike Havasu Field Office removes forest
biomass from in and around campsites, bundles #termal and then sinks it, creating new
aquatic habitat (Cook 2006). The National Park Bety Western Area Fire Management
Program in Alaska partnered with a coal companyréate defensible space around the NPS
structures in Denali National Park and Preserveebyoving accumulated forest fuels and then
transporting the material to a coal mine for sgelamation work. The NPS saved over $363,000
in transportation, removal and labor costs (Mi2@04). Mackes and Lightburn (2003) found
that wood could be used as a coal substitute whmfuping cement by pulverizing the wood
and introducing it into the coal stream. Small &hf@iomass systems can function as living snow
fences (Johnson et al. 2007, 16). Lynch and Ma(2@32) cataloged a short list of products that
could be made from raw leftover forest energy mijeedstock. In short, forest biomass has no

shortage of additional, non-energy applicationslevan or off the stump.

2.3.2 Ecological and Environmental Advantages

Wildfires generally produce substantial quantibésir and smoke emissions. However,
forest energy projects are typically much cleangnimg. When compared to wildfires, wood-
fired boilers have been shown to reduce nitrogadesxemissions by roughly 85% and also
reduce hydrocarbons, sulfur oxides, carbon monoaiakparticulate matter emissions by 94%
or more. In addition, of all forest residue disgagzerations, wood-fired boilers’ air pollution
emissions can be drastically lower than those leflpirning, prescribed burning and open
burning when measuring particular matter, volatilganic compounds, nitrogen oxides and

carbon monoxide emissions (Malmsheimer et al. 2088). The Fuels for Schools Program
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(2007) reported similar percentage reductionsripaliutant levels when forest biomass was
consumed for thermal energy in Montana wood boilestead of open-burning or wildfires.

Furthermore, forest energy projects may help redpweenhouse gas (GHG) emissions to
a point where forest energy projects could be daned “GHG negative.” Methane is a
particularly potent GHG and, pound for pound, igiB8s more potent in the atmosphere for
temperature increases than carbon dioxide (Shietlell 2009, 717; Henderson 2009). Forest
biomass may produce methane when disposed conmahyithrough landfill decomposition.
However, if forest biomass is used in a controftae@st energy project, the methane can be
converted into water and carbon dioxide, the ldiegng a much less potent GHG. Thus, forest
energy projects could contribute to a “net reductio GHG emissions (California Public
Utilities Commission 2006, 18-19). Although a peaonomical choice for nitrogen oxides or
sulfur oxides reduction, co-firing coal with bionsasould be an attractive option for “significant
near-term reductions in [carbon dioxide]” emissigRsebinson et al. 2003, 5087).

Removing forest fuel loads would improve forestllieby lower the competition
between trees for scarce resources i.e., accesslight, water, and soil nutrients. As a result,
trees free from competition would be healthierdraed would have improved resistance to
insect attacks and other pathogens. Declining tresgivity would mean less use of expensive
and non-specific insecticide spraying while deareathe number of falling beetle-killed trees
potentially injuring or killing people (Harrison 20). Less insecticide spraying would mean
fewer chemicals are released into Colorado watdssHeesticides kill waterborne insects, which
in turn shrinks fish populations. Forestry contoastwere applying pesticides to healthy trees to
protect them from MPB attacks in Summit County,atlo. However, researchers discovered

some contractors were illegally dumping leftovestpmde in sewers or drainages, killing aquatic
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insects and eliminating a food source for trout attebr prized fish species (Haythorn 2008).
Less pesticide use should also reduce impropeicpistisposal.

Further advantages for water quality involve retlisediment contamination from forest
biomass harvesting as compared to other foresdbdiseirbances. Forest operations, especially
road building, often involve disturbances that cantribute to run-off pollution and sediment
contamination. Harvesting biomass for these fogastgy projects will, in some cases, require
access roads which could lead to sedimentation.edewywhen the impact is compared to
runoff from other disturbances, the numbers palimparison. Prescribed burning produces
roughly 1.6 times more sediment than a comparabgdshinning operation for forest energy
fuels and a wildfire produces 70 times more sedinid8DA FS 2005, 14-15).

Forest energy projects may provide indirect besafi terms of land management. Forest
residues that are burned instead of buried av@adst of landfill disposal. For instance, Ward
et al. (2004) analyzed the possibility of shiftpayts or all of the municipal solid wood waste,
construction and demolition, primary and seconaerpd product residue and forest thinning
residue streams from landfills to more construcpueposes. They found that at least 100,000
tons were available annually for such purposesgibea Colorado Front Range. In a closer
inspection, Nash (2008) found that approximateBo4s¥ the urban forest residues in the Fort
Collins-Loveland-Greeley triangle area were beirgpadsed of in landfills—a potential resource
stream for forest energy projects while reducingre demand for additional landfills and open
land.

Finally, the use of short-rotation woody crops {(8R) can be environmentally
beneficial, even on marginally productive lands: the purposes of this paper, the definition of

SRWC will be limited to fast-growing trees planiadhe margins between productive
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agricultural lands and naturally occurring fore&sme SRWC systems do not require large
guantities of nutrient supplements given their @i@-sutrient recycling processes. Typically,
minimal site preparation and efforts to establighraquired, meaning less land is disturbed. As
habitat, SRWC areas are shown to sustain wildbjgutations that are equivalent to less
intensively managed plantations and greater thaghhering agricultural fields. SRWC

plantation edges are ideal raptor habitat. As coatpto old-field conditions, SRWC systems

can provide improved ecological contributions sashncreased soil stabilization, organic matter

inputs and soil and water filtration via extensiget systems (Johnson et al. 2007, 13-18).

2.3.3 Sociopolitical Advantages

FBU should also reduce the risk for catastrophidfikes while restoring forests to “a
condition that is resilient with the effects ofefi( WGA 2006, 17). One of the least expensive
ways to remove forest fuel loads is by prescribaching. However, prescribed burns are often
restricted due to air pollution and smoke emissitatk of permissible weather conditions,
limited access to scarce resources (e.g. labadjrignetc.) and overgrown fuel loads (USDA FS
2005, 10). Mechanical removals may be more acckptaial possibly cheaper provided markets
exist for the removed forest material. In certainaions (e.g. dense fuel loads located near
dense population centers), mechanical removal waddce fuel loads with substantially lower
risks to humans than prescribed burning while alsninating concerns over impaired air
guality from smoke emissions (Nicholls et al. 2008¢ducing fuel loads would also return
forest stands to conditions more in line with thestoric range of variability while possibly
allowing safer fire reintroductions (USDA FS 2008lechanical thinning might be a preferred
alternative for communities that are reluctanttst fire as a management tool because they fear

that fire could escape (Brunson and Evans 2005taNet al. 2002; Winter et al. 2004).
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Part of the increasing interest in renewable tozesrgy is because of its versatility. As
discussed previously, forest biomass can be buordabth heat energy and electricity. More
importantly, it is the only alternative, renewablgergy resource that may be converted into a
liquid form i.e., biofuels, bio-oils, ethanol, efthis feature is critical because forest energydou
be used to, at least partially, maintain curreamgards of living while minimizing financial
impacts to consumers, as fossil fuels continuadcease in price. Gas and liquid substitute
products can be manufactured using forest feedstoek non-edible feedstocks, so they avoid
the fuel-or-food dilemma. Forest feedstocks caméaecombined with coal in the gasification
process to reduce harmful air emissions. Finatiypmducts can be captured, processed and
subsequently marketed in order to increase thentevesturn on forest energy projects (National
Academy of Sciences et al. 2009, 1, 165-166; Sinat 2010, 1577).

Furthermore, these gas and liquid products andtbeproducts have sociopolitical
benefits of their own. Synthetic gas (syngas) fgasification can be used to manufacture many
different products (see Figure 2.13). For energygas could be used to produce electricity in
CHP designs and, in some cases, these operat®osstrcompetitive with comparable natural
gas systems. Syngas can also be converted dinetlitydrogen gas for ammonia and
hydrocarbon synthesis, which is currently the mag® for syngas, and can also be used in fuel
cells. Finally, syngas can be refined into gasatindiesel (via Fischer-Tropsch technology) or it
can be distilled into ethanol or used to make methavhich in turn can be converted into
hydrogen gas (Klass 1998, 271; USDE EERE 2011;tEX088; National Academy of Sciences
et al. 2009, 164-165; Huber et al. 2006, 4056; Kuetal. 2009, 571-575).

Pyrolysis produces at least two major producth wignificant benefits. First, bio-oil, or

pyrolysis oil, is a thick, brown liquid (“liquid sake”) that can be used in a variety of
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applications and is particularly attractive givelow sulfur, low nitrous oxide and low

particular emissions.
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Figure 2.13: Possible Product Lines from Syngas
Source: Ebert (2008).

When combusted in furnaces, burners, or boilerodired with fossil fuels, bio-oil can produce
heat and/or electricity. It can be used in diesglies with efficiencies of up to 45% to produce
power or for CHP installations. Bio-oil could besdsin properly designed aircraft or industrial
gas turbines to produce the same energy produatsdessel engines. Bio-oil could also be
upgraded to make transportation fuels. Finally Biyngas, bio-oil can be used as a building
block for manufacturing petrochemicals as it camgdragments of 400 different substances,

including adhesives and food flavorings (Mohanle2@06, 884-888; Karaosmanoglu and Tetik
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1999, 1093; Bridgwater 2003, 98; Huber et al. 2@@&1; Bergman and Zerbe 2008, 8; Czernik
and Bridgwater 2004, 592-598; Ringer et al. 203623).

Second, bio-char (or char) is a solid form of albpmge carbon that is co-produced with
bio-oil in pyrolysis, although the proportions desdvary with the recipe. For energy, if the bio-
char is not recycled into the pyrolysis procesentth can be burned in any installation that
currently burns waste biomass (e.g. sugarcane sagets.) or pulverized coal. Bio-char can also
be used to make briquettes or mixed with biomassade in high-efficiency fuel boilers. If the
supply of bio-char exceeds demand, it can alscskd to increase crop yields as a soill
amendmernt, help meet the demand for activated charcoaltiafion, use in the construction of
high-strength carbon fiber nanotubes, or, becatigs lmngevity when buried in the ground,
used as a potential carbon sink to reduce GHG @nssalthough the data supporting this
particular application is experimental (Kram 20@07GA 2006, 40; Goyal et al. 2009, 40; Laird
et al. 2009, 551-559; Reijinders 2009, 2840).

From the biochemical platform, cellulosic etharsdiclear, liquid fuel that functions like
grain ethanol but provides several advantagesits/reorn-derived counterpart. Cellulosic
ethanol can be derived from a wide variety of noodf fuel stocks, uses less water during
production, has carbon dioxide emissions that eeg mero, reduces GHG emissions on a
comparable per gallon basis with gasoline by apprately 90% and delivers a positive return
on energy invested, with estimates ranging fron® 4046.61 units of energy returned for every 1
unit of energy invested, which can be as high astimmes more than grain alcohol on a per

gallon basis (Soloman et al. 2007, 417; Wang 200Hill et al. 2006, 11208-11209;

13 At the time of writing, Colorado’s recreationaldamedical marijuana industries were just beginmingud.
Coincidentally, manufacturers have learned theyelamgrowing appetite for bio-char.
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Malmsheimer et al. 2008, 138). Finally, cellulostbanol production creates lignin as a by-
product; lignin could be combusted through therneoeical methods to provide energy for
sustaining the cellulosic ethanol production pred@ansby 2007; USDE EERE 2008;
Virkajarvi et al. 2009, 1729; Johnson et al. 20®)7 Cellulosic ethanol also can take advantage
of the current grain ethanol distribution netwakowing consumers to use a renewable, liquid
fuel that requires fewer resource inputs than ¢em. fertilizer, water, energy, etc.) while using
marginal croplands and reducing air emissions (l¢oand Abraham 2009, 26-27; Hill et al.
2006, 11208). Colorado, for instance, has ovey 85 (fuel that is 85% ethanol and 15%
gasoline) fueling stations that are largely depahde grain ethanol i.e. corn-based ethanol
(Simpson 2009). As second-generation fuels sudelidosic ethanol mature and gain
widespread adoption, the liquid fuels could takeaalage of the E85 infrastructure already in
place (National Academy of Sciences et al. 2009).11

Using alternative, renewable energy helps promat®nal security by weaning the
nation off fossil fuels. Almost half of the petrala consumed by the U.S. is imported, split
almost evenly between OPEC and non-OPEC counEasst energy could help offset
dependence on imported fossil fuels, which cortstitie bulk of the country’s imported energy.
Of the 98 quads of energy consumed by the UnitateSin 2010, renewable resources account
for just over 8% (less than half of which came fravood) of the total while imported fossil fuels
accounted for approximately 30% (USDE EIA 201118,147, 291).

FBU can also help protect national forests and/Aftud from terrorism. For instance, the
Federal Bureau of Investigation uncovered a pl@Qd63 where Al Qaeda had planned to attack
a number of Western states, including Coloradaditing small-diameter material in national

forests on fire. The terrorist organization conoefly planned to plant timed incendiary devices
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in key locations to maximize the economic impacthef blazes. The rationale was that by
inflicting economic harm on tourism-dependent aeiry-dependent states, the fires would
induce citizens to lobby for changes to U.S. fangiglicy (Slivka 2003)* Montana media noted
an Al Qaeda magazine advocated for a similar plgfeting the state’s forests in 2012 (Florio
2012). Reduced forest fuel loads courtesy of foeastrgy projects may reduce the likelihood and
success of such an attack and promote nationatiseas well as economic security for a state
that depends on forest-based tourism revenue fghtg $14.6 billion annually (Dean Runyan
Associates 2011, 6). The threat from fire, whetradural or synthetic, shows that forest biomass
is the only renewable energy resource that caraligtoarm society when it is not used.

The threat from forest biomass extends beyondriemo For instance, U.S. Army Corps
of Engineers (ACE) policy authorizes the removatreés within 15 feet of levee toes and
floodwalls because vegetation growth threateng #taictural integrity. The relevance of such a
policy, especially in a post-Katrina era, is thatlee ACE seeks to strengthen its flood control
efforts by removing trees that could damage stoomtrol structures (Grissett 2010, Holden
2008), conceivably, the removed material could $edias forest energy feedstock while also
being removed from the urban wood waste stream.

Forest energy also is advantageous in that it doepossess the disadvantages of other
renewable energy technologies. For instance, femstgy can be generated at any time of day;
solar energy depends on sunshine, which only odougsart of the day and requires cloudless
weather. Solar panels must typically be installedouth-facing surfaces in the United States.

Therefore, installations must occur on south-fasioges; failure to account for slopes and

14 An attempt was made to obtain the actual memo freBI’s office in Lakewood, Colorado. Howevéret
public information officer was unnecessarily hastind told the author that she could not find tleenm and that
even if she could, she would not distribute itfte public, even after 7 years and regardless @fctéxh.
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shadows could potentially reduce power generatjothé cells by 90%. Manufacturing solar
cells can be costly, too, as thin film solar cedlguire the use of gallium and indium, which can
be difficult to obtain (Jung and Wagner 2009; F&yd2010, 5).

Other rare-earth metals, such as neodymium, eré@al component of wind turbines’
magnets. A standard wind turbine will consume ®&@ pounds of the element and over two
tons of other rare-earth metals. China produces 8f7t#te world’s rare-earth metal tonnage and
controls almost half of the world’s proven raretkanetal reserves. Furthermore, China often
restricts rare-earth metal exports; companies mesté in China but the chief export is typically
the finished product. For instance, in the secaadtidf 2010, China reduced rare-earth metal
exports by 72% (Jung and Wagner 2009; Taylor 20R@vided that the raw materials could be
obtained, wind has additional problems. Like soland energy is intermittent: while the
possibility for increased wind production reducessil fuel dependence, what can actually be
produced is, on average, only about one-third efflceplate wattage (Fridley 2010, 6). Wind
turbines can negatively impact aesthetics as onsene lands are towered over by wind
turbines and the spinning blades create noisen8grblades can also interfere with military
operations by producing false radar echoes andlsarkill endangered migratory species, such
as eagles and bats (Nelson 2010; Streater 2010).

Other low-carbon energy technologies suffer disathges that biomass does not.
Geothermal energy is restricted to where accestiblenal pockets exist and is plagued by
potential air emissions from released undergrouathls. Also, geothermal energy harvesting
can lead to ground subsidence or sinking. For ex@amftihough the USDE EERE (2006) touts
geothermal energy plants’ longevity by listing Néealand’s Wairakei field, New Zealand’s

Ministry for Culture and Heritage (Stewart 2009}e®that in the time between the plant’s
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completion in 1958 and up to 2005, the land surdmgthe Wairakei field sank 46 feet as
underground water supplies were exhausted. Hydrepmasimilarly limited to where water
currents exist, but installations can also haveiBgant environmental impacts. For instance,
hydropower structures can impede the ability ofratigyy fish species to reproduce. Dramatic
reductions in salmon populations and catches irfPdwfic Northwest illustrate the impacts that
dams, among other anthropogenic causes, can hgveT@ylor 1999, etc.).

Finally, the option to use forest biomass can engga@nsumers to consider alternative,
environmentally friendlier products. Guber (2008ygests that Americans respond favorably to
actions deemed necessary to improve the environmbatenvironment typically rates high
when Americans are polled. However, when acticeagsired and subsequently costs are
incurred, voters often relegate the environmetast with one exception: voters often respond
favorably to economic incentives that allow thenmtake their own informed decisions.
Provided with the option to purchase environmewntaiendly alternative products that improve
one’s bottom line through sheer self-interest, kot often make decisions when allowed to
use their own money i.e. they often “vote at thehcaegister” (Guber 2003, 184). If alternative
heating products were manufactured that were baakfor the environment i.e., sustainably
produced wood pellets, then consumers might béexatito vote with their wallets by either
augmenting or switching their current heating syst¢o a wood-fired system as a way of
making an expedient political decision. To illustreseveral Denver-area Costco stores carry
Colorado-made wood pellets.

Empowering consumers may also suggest that fonestg has the potential to become
one of the more democratic fuels. Mitchell (2014pleres the political history of switching

from coal to oil. He argues that switching from lcmeoil undermined democratic processes,
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especially for labor, as the geophysical charasties of oil (e.g., containerization, pipelines,
etc.) removed skilled and unionized labor and thbility to protest via strike and sabotage.
Large numbers of workers are not needed as muaih & compared to coal because the liquid
fuel has fewer critical junctures. Conversely, sifarest energy can be relatively easily and
cheaply obtained by consumers—some need only stepheir backyards with a saw—the
technology offers an increased potential for demtxation as opposed to more limiting fossil
fuel substitutes.

The number of forest energy projects has increaspdrt due to significant policy
changes at all government levels. For instancheafiederal level, the Production Tax Credit
(PTC) has stimulated interest in forest energyqutsj The PTC is a tax incentive providing a
monetary benefit for every kilowatt-hour (kwh) prmeéd using renewable energy. For example,
open-loop biomass facilities, which obtain foresinbass feedstock and other woody resources
that were not originally designated for energy picithn i.e., not planted crops, can claim a 10-
year credit of $0.011 per kwWh ($0.0075 per kwh983 dollars inflated to the present)
generated. In addition, the Renewable Fuels Stdr@&kS) has been amended to provide
increasing quantities of renewable liquid fuelsd&nthe 2007 Energy Independence and
Security Act (EISA), the total amount of requirddrided renewable fuel increased from 7.5
billion gallons by 2012 to 36 billion gallons by 228, with 21 billion gallons required to come
from “advanced biofuels,” which includes cellulosithanol=®

At the state level, the number of renewable pbafstandards (RPS) has increased

markedly over the past quarter-century. An RPSireguutilities to use renewable energy or

> The US EPA recently promulgated adjustment to RE&s that are below the original EISA targets.ro
information about EISA, its history and its targate in Chapter 5.
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renewable energy credits (RECs) to account fori@icepercentage of their retail electricity

sales -- or a certain amount of generating capac#agcording to a specified schedule”

(Database of State Incentives for Renewables afcldficy [DSIRE] 2010a). In Colorado, large
investor-owned utilities (I0Us) are required to glypat least 30% of their electricity using
renewable energy resources (DSIRE 2010b), makingr&to’s RPS the second most aggressive
in the nation next to California’s (33%). Even lbgavernments have taken the initiative to pass
their own RPS. In 2003, the City of Fort Collingl@ado, passed a standard that required 2% of
the utility’s electric power to come from renewabhey 2004 and a total of 15% by 2017 before

adopting the state’s RPS in 2009 (City of Fort @elUtilities 2009, 3).

2.4  Some Disadvantages to Forest Energy Projects

While forest energy projects enjoy a number of atkges, these projects also suffer
from a number of drawbacks. Most significantly,téas such as resource access, cost, supply
issues (e.g. quality and quantity), net environraleimpacts and social acceptability may be the

most discouraging for proponents to address. Thendmmg segments address these issues.

2.4.1 Economic Disadvantages

While the raw material exists, questions persdbahe degree of abundance and
sustainability. Forest biomass is a renewable gr&slyition to the fossil fuels crisis, albeit a
partial solution at best. The billion-ton studyeatipted to replace 30% of petroleum demand by
2030 with biomass. Based on the study’s assumptibagossibility to substitute exists but the
30% could be met using almost exclusively “agrigtdt residues” (Perlack et al. 2005, 38).
Forestry could also contribute an additional 370iom tons to agriculture’s one billion tons, but
this total does not constitute a 100% substitutibpetroleum demand, so even with biomass,
fossil fuels must still be a part of the nation'eggy equation. Furthermore, the estimate may be
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problematic. White (2009) identified four econontligéased approaches to estimating available
forest biomass using different lenses. While W(2@09) does use some Perlack et al. (2005)
data, he also notes instances where the estimatgberhigher than what is actually possible.
For instance, Perlack et al. (2005) estimated windder harvesting residues were “technically
available” but overestimated what is “economicaNgilable” (White 2009, 13). In another
instance, Perlack et al. (2005) suggested greal@ngnmesidue availability from increased
timber mill production due to heightened hazardiogs reduction work, but the estimates did
not consider timber mills’ improving efficiency i.eore efficient mills will produce less residue,
which suggests, again, that the 370 million toaltotay not be a conservative estimate (White
2009, 15). Thus, forest biomass availability estesarary depending largely on what economic
perspective a researcher assumes.

Other estimates also call in to question how nfoobst biomass material is available. A
report by the International Council on Clean Tramtgtion (Searle and Malins 2014) suggests
that estimates for biomass yields could be exagggtay as much as 100%. The report suggests
the reason for exaggeration or overestimation estduesearchers examining a limited number
of research plots that are small, intensively ategl and weeded and carefully harvested by
hand. More conventional biomass harvesting teclesigielded results that were significantly
lower?®

The availability of raw forest biomass materiaedmot mean the material can be
removed. For instance, in Colorado, a private tgpesducts contractor working along the

Colorado Front Range would expect a timber saladlode primarily small-diameter material.

' The authors were also quick to suggest that osialefforts need more supportive policies, nas.|@hey simply
want the policies to be based on more realistip gield projections.
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Given the weak markets and the sparse number iifiescable/willing to accept such material,
the likelihood of a contractor submitting a bidsoiccessfully completing the project is low. In
many instances, timber sales in Colorado have edlue to a lack of bids. Furthermore,
because stewardship contracts can span multipis ytbe risk to the contractor increases as
budgets may change from year to year. Furthernaostewardship contract’s anticipated costs
can easily dwarf a district or field office’s emtibudget. Subsequently, reluctance to use
stewardship contracting exists, both inside andidatof the administering agencies. Inside the
agency, lack of access to information and guidaocepounded by high turnover rates can
discourage adoption. Outside of agencies, disraptio budget cycles and changes to county-
level payments add increased risks to contraceogs government contract cancellation due to
unexpected budget shortfalls, etc.) and thus meweasdship contracting less attractive (GAO
2008, 44-46). Finally, forest energy project fini@ng expect a minimum of a 20-year guaranteed
supply; the decade limit on the stewardship cotitrg@uthority combined with the year-to-year
federal budget cycle are regulatory barriers tggutadevelopment (Pinchot Institute for
Conservation and The Heinz Center 2011, 3).

Also, the material may be referred to on a macedesas “forest biomass” but the
resource should not automatically be considereddgemous. The physical properties, including
strength, stiffness, BTU content and other propestrtiiffer between tree species. Not knowing or
recognizing the difference can have disastrous@oanresults as, anatomically, wood fibers
and structures are basically identical betweenigpdmt working properties can vary
considerably (Bowyers et al. 2003, 216-217). Famegle, the former Rocky Mountain Pellet
Company plant, located in Walden, Colorado, spesifinat it only accepts lodgepole pine. In

one instance, a truck-load of subalpine fir logsidentally entered the processing stream. The
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processed pellets were of poorer quality and latkecddhesiveness of the lodgepole pine logs.
Fortunately, the pine-fir mixed pellets disintegihin their bags before being sold to consumers.
Furthermore, trees removed for forest energy ptejed| vary in size but most of these
trees will have small diameters. In a study of $bteecatments conducted on research plots
scattered randomly along the Colorado Front Rainge;h and Mackes (2003) found that the
majority of material (in at least one instance, %06f the material) removed from forest
treatments was small-diameter i.e., less than d2es in diameter-at-breast-height (dbh). Such
material constitutes a “liability from both a fuezard standpoint as well as from a financial
standpoint” as removal costs regularly exceede@tlb@omic value of removed material (Lynch
and Mackes 2003, 173; Patton-Mallory 2008, 1; USE$A2005, 7) and the energy costs
involved in removing smaller material can deteegtrenergy proponents (Pan et al. 2008, 30).
Even if forest biomass removal became cost-effectivis biomass often requires
additional treatment due to its substantial moesttontent i.e., a large portion of the tree’s
volume will be filled with water and the additionaeight will make facilitating handling and
transport more difficult and expensive. For examaleord (128 cu ft) of ponderosa pifanus
ponderosae spplogs, freshly cut, weighs an average of 3,600hpsuOnce seasoned (dried),
that same cord weighs roughly 2,336 pounds. Thas@of green firewood can weigh 50% or
more than a cord of seasoned firewood on a dryftéigsis. This extra weight can cause
dramatic increases in transportation costs as érgckre hauling substantial quantities of water
(Kuhns and Schmidt 1988). Either the material sthtned seasoned (i.e., left to dry) before
transport or else the material will have to bengaed at the energy project site—either case

requires additional processing time and thus aalthli expense. Failure to allow the wood to dry
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may adversely impact the combustion process byiniagusupplementary fuels or interfering
with the self-sustained biomass combustion profi€sss 1998, 197).

One way to defray the costs of extracting smalhukter, lower-value material is to also
include larger trees in the sale as the largerstman be converted into higher-value products
(e.g. boards as opposed to chips) and thus ofést$ mncurred by the logger (USDA FS 2003,
13; Perlack et al. 2005, 34). Yet using largergneay engender unfavorable public opinion and
risk potential increases in carbon emissions a$afest ecosystem is disturbed or destroyed
(Perlack et al. 2005, 34; Ingerson 2009, 17-18).

Market creation for forest energy is key for addieg several forest health threats. First,
the influx of new raw material to meet new market@nd could provide a necessary stimulus
for Colorado’s declining forest products industite CSFS (2010c) noted that since 1992,
Colorado has lost 16 sawmills, with a total losewdr 500 jobs. Additionally, two Wyoming
sawmills, employing 150 people each that purchasech of their material from Colorado
forests have shut down. Since the early 1970s,r@dis forest products industry’s capacity has
shrunk by over 80% (Colgan 2011). Colorado’s largasvmill went into receivership in May
2010, leaving the largest timber producer as arraspll in the state’s southwestern corner at
that time (Associated Press 2010 ). In Septemb#2,20e sawmill was purchased and resumed
operations but it still has difficulty obtaining adequate timber supply; timber sale volumes
from the Grand Mesa-Uncompaghre-Gunnison, MediBiow-Routt, Arapaho-Roosevelt and
White River National Forests, while double whatytiagere in 2000, are less than half of what
they were in 1985 (Larsen 2013). Throughout USF§idRe2, timber sale volumes are only

about 70% of what industry needs (Fishering 2014).

82



Long-term timber supply uncertainty is a problesriang-term business planning is
difficult given the amount of material actually @ahle to the timber industry from national
forests varies. For instance, national forestsigdem/90% of the timber harvest for Colorado in
1974; in 2002, this percentage had fallen to 38%r@dn et al. 2006, 23). In 2007, the
percentage increased to nearly 50% (Hayes et &2, Z2). Any federal forest shortfall must be
made up by the mills via contracting with privaa@diowners, interstate or international imports
and other industry members. However, given theslagmbers of private landowners scattered
across the state who are concerned primarily wighstmall-diameter material on their property,
attracting mill interest in large numbers of snsalles of low-value material is difficult.

If energy efficiency does not improve, then theoant of energy demanded will increase
with population. One way to meet the increasedgndemand is to build large-scale energy
plants. However, because of the aforementionedisases and energy efficiencies, forest
biomass is typically a poor choice for large-saéztrical power generation. Electricity-only
forest energy plants tend to require larger amooitsel; are often more expensive to build,
operate and maintain; and have lower generatingeities. Revisiting Table 2.1, efficiencies
range from 18% to 25% for major forest biomasstatsad power plants, with an average
efficiency of 20% (Zerbe 2006, 10). To place thiggeres in perspective, fireplace efficiencies
range between 5% and 18% and modern day fossipfiweér plants are around 35% efficiént
(Johnson 2007, 9, Zerbe 2006, 8, Skog and Watter384, 744; USDE EIA 2011). By

comparison, thermal forest energy applications sicb.S. Environmental Protection Agency

" Fossil fuel power plant efficiency was calculabsddividing 3,412 Btu/kWh (a constant) by the ElAistorical
heat rates. Of note: fossil fuel power plant efficiy increased from 22% in 1949 to 30% in 19574t&% in 2008.
Essentially, efficiencies have remained flat far gast half-century. Colorado promulgated a la@dh0 mandating
conversion of coal-fired power plants to natura pawer plants. However, without improving the caistion
mechanism, efficiencies could remain flat thougturad gas energy conversion efficiencies could egdsvice that
of coal-fired plants.
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(US EPA)-certified wood stoves and pellet stovesminimally 72% and 78% efficient,
respectively (US EPA 2011a).

While wood pellets may enjoy higher efficiencyaadensified wood feedstock, they cost
more per Btu than some of the more conventionalcesusuch as coal and natural gas, which
tend to be cheaper because they can be transpoiteder quantities. For instance, while
natural gas is typically delivered continuouslyotigh a pipeline and coal is often delivered by
rail in 10,000 ton shipments, wood is typicallynsaorted by truck in 20-ton shipments (Gaul
2010). With a lack of an economy of scale, forestrgy projects will have a difficult time
competing in areas serviced by natural gas digtabypipelines or in urban areas connected by
rail to coal mines.

Related to accessibility are issues involvinggpanting forest biomass. Humans are
moving into the wildland-urban interface thus dedh&or forest products in these communities
should increase. Thus, the stronger demand for wwooducts will remain in urban areas,
particularly along the Interstate-25 corridor, wh80% of Colorado’s population lives. Moving
the raw material from the stump to shelf requirasgportation. Furthermore, depending on the
product line, between 90% and 100% of the wood yectedused by Coloradans are imported
(Lynch and Mackes 2001, 23). Importing wood produdoim other states or countries similarly
incurs expense and requires the use of (fossilggrte transport goods over the vast distances.

The implications are two-fold. First, Coloradaes/ing on, or seeking out, Colorado
wood products will find limited availability. Trapsrtation costs, combined with harvesting

costs, will limit the feasible delivery radii tonmaximum of 50 miles (Bain et al. 2003, 2-5; Klass
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1998, 206)¢ As gasoline prices increase, the radius will attaccordingly as fuel cost
increases are passed along to the consumer. Seberftkavy dependence on wood product
transportation, foreign and domestic, requires tsuttisl quantities of fossil fuels. Bulk
transportation (train or ship) would provide moraterial at reduced cost as compared to
trucking. Given the proximity of Colorado Front Rggncommunities to railheads and the
increasing cost of trucking during an economic dimnm the competitive edge belongs to the
rail transport. Those producers and suppliers &atatose to railheads i.e. Canadian wood
products producers and those mills in the PacibdiNvest will enjoy the advantage.

Colorado forests are characterized by small-dianstems. However, most forest
product mills are geared toward producing tradalomood products with larger sized stems and
are not adapted for small-diameter material. Acdwftom using the material for traditional
wood products (e.g. lumber, etc.) would requir@sicant efforts and capital to retool industrial
facilities so mills could participate in a foresteegy industry. With heightened economic
sensitivities due to market uncertainties plusch taf available credit, such expenditures seem
unlikely in the foreseeable future.

Given the lengthy cold weather spells in Coloradood fuel storage is a necessity.
Storage areas or holders may incur additional spadeexpense. For example, an average 2,000
square foot home with a single pellet stove woelglire a 6- cubic foot bulk storage space for

heating during an average winter (Confluence En2@$9). Such requirements may discourage

18 The “50-mile” radius appears several times inlileeature but the earliest publications dates oedwen gasoline
prices were half of what they are at the time dfljwation. This radius is likely smaller.

9 The exception to this rule is the new wood biontesating plant on Colorado State University’s Falsth
Campus. Project managers decided not to createget@pace for fuel, instead preferring “on-demateliveries of
wood. Provided winter conditions do not impede\dslies, this approach may work over the long tdromg-time
residents of northern Colorado may have their daubt
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widespread adoption in areas where space is a&naiym i.e., densely populated urban areas.
Fuel hoppers may not be aesthetically pleasindaaating/auger systems particularly quiet.

Finally, forest energy will necessarily rely onnkets to develop an adequate fuel supply
but forest energy will still be subject to the wand wanes of market forces. For instance, in
2008, wood pellet plants were constructed in KremmgplColorado, and Walden, Colorado.
Initial demand was strong and the plants operatedgna the clock. However, in 2009 the market
bottomed out as warmer temperatures plus an inetaggoducers left manufacturers with a
surplus. The initial months of 2010 saw an increasgemand, but both mills have undergone
periods where they operated intermittently due éakvmarket demand. However, one should
note that other forest products are subject ta#mee economic constraints as forest energy
products, further impeding activities to reducd foads or address insect and disease epidemics
(Lawrence 2010a, 2010b; Harmon 2010).

Due to its complexity and the current economic aelie obtaining financing for forest
energy projects could be difficult, especiallynétproject lacks community support. Also, the
technologies needed are still in their infancieedstock costs, without an appropriate
transportation infrastructure, might be higher tiraa stand-alone thermochemical or
biochemical plant given Colorado’s sheer size @ndhin. Less-than-optimal performance could
severely impact a project’s long-term viability. tWihe additional feedstocks, sustainability may
be more difficult to attain given the increased twemof factors and constraints to consider.
Finally, the technologies employed may make obtainihe necessary environmental permitting
harder (USDE EERE 2012e, 2)

Forest biomass can be used in a variety of agit@beyond energy. For instance,

Lynch and Mackes (2002) cataloged a number of dppities for entrepreneurs in Colorado
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using small-diameter material, which could be $il@aalso for forest energy installations.
However, using forest biomass for energy will lgngicantly less profitable than almost any
other use for the same material. For instanceamudry 2013, a 40Ibs. bag of wood pellets’ retall
cost is $4.19 at Sutherlands in Fort Collins, Cadiar. If one were to change the wrapper and sell
the wood pellets as a 40Ibs. bag of wood pelléy kiter, the retail cost increases to $20.80 at
PetCo. If one were to change the wood and purchasa-bulk 401bs.-equivalent of hamster
pine bedding, the value of the material spikesli®4$60 at PetCo, assuming customers are not
buying in bulk or at wholesale. Without policy imtres, using the wood for forest energy is

one of the worst uses for the woody material fropugely economic standpoint.

2.4.2 Ecological and Environmental Disadvantages

Forest energy projects may contribute to global33issions. First, as noted
previously, the raw material is still largely depgent on chainsaws and machinery for felling and
for semi-trucks for product delivery meaning fod$sgls are still part of the equation. Also
emissions from processing/manufacturing and fimgtiution should be included in any
emissions calculus as forest energy projects cgmoeoted without these crucial steps and GHG
emissions from these steps are often not includelde “carbon neutral” calculus (Ingerson
2009, 19). Carbon debts and dividends were alsawsfof a biomass study conducted by the
Manomet Center for Conservation Sciences (2010hfstate of Massachusetts.

Colorado's mountainous terrain presents a physiadlenge for proponents trying to
access the raw material. Nearly one-third of Caloisforests are either on steep slopes (equal

to or exceeding 50%), in environmentally sensiiveas (e.g. Wilderness, roadless areas,

“ This study was roundly criticized. See Gibson 2fiftla synopsis of a rebuttal produced by Williatra8ss of
FutureMetrics.
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national parks, etc.), or both (CSFS 2010a, 51\84le steep slopes do not actually disallow
harvesting activities, they do discourage harvgstisithe total cost of extraction “significantly
reduces economically-viable opportunities for prcidecovery” and costs for treatments on
slopes exceeding 40% can at least double thosendliegslopes (USDA FS 2003, 13; Perlack et
al. 2005, 34; White 2009, 21-22).

In addition, forest biomass is limited geograptyctp where trees grow (see Figure
2.14). Regions such as the Upper Midwest and Reistv8ll likely be poor candidates for forest
energy projects given the relative dearth of f&restd in some cases the inhospitable climate.
Other areas such as the Snake River Valley in lédadoelatively devoid of trees but, given the
extensive irrigation for agriculture, some areay tma suitable for tree plantations or closed-loop
biomass operations. Questions persist as to theystemic sustainability of such endeavors and
the susceptibility of harvesting sites to invasspecies (The Heinz Center and the Pinchot
Institute for Conservation 2009, 8; Miller and Seds 2009; Ingerson 2009, 18; Janowiak and
Webster 2010). Transportation costs are still aeraible even though forests are concentrated
regionally because these same forests extend olstasitial distances; related to Colorado's
mountainous terrain, these distances are rarekgwlin a straight line.

Demand for forest material has the potential itsseasignificant, adverse impacts on
water quality and quantity in Colorado. For ins@ntarvesting operations could compact soils.
Increased soil compaction reduces water infiltratishich reduces water availability to trees.
Reduced infiltration rates can increase runoff smitlerosion. Combining solil disturbance and
the poor water infiltration to expected large-sadilturbances (e.g. wildfires, roads,

development, etc.), the potential for dramatic ioipdo water quality (e.g. sediment and thermal
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pollution) and quantity (e.g. dwindling snowpacldanountain water levels) exists (e.g. Elliot

2010, 13-14; Stednick 2010, 149-156).

e

Figure 2.14: Above-Ground Estimates for Forest Biorass

Source: Adapted from Blackard et al. (2008, 1663).

Efforts to increase forest biomass production @¢@l$o reduce soil quality. Thinning and
clearcutting, generally, can lead to substantigdb@a deficits, some as long as 20 years, as forest
duff decomposes faster and the source of the dyéfrl(e.g. the trees) has been removed
meaning that less material is available in futuearg. Also, removal operations could
inadvertently remove the duff layer, exposing baieeral soils and exposing hillsides to greater
erosion rates (Ingerson 2009, 18; Elliot 2010, 13).
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While some forest harvesting may improve wildhigbitat, the more efficient harvesting
techniques could negatively impact wildlife and lcoeduce biodiversity. For lodgepole pine
stands, the most economically efficient processdoroving material is clearcutting. This
technique involves removing all stems in a givenber sale area. This approach is ecologically
attractive because it mimics the impact of a stapdacing wildfire. However, it lacks the
thermal energy of a blaze. Species dependent @ffdfirsurvival (e.g. serotinous cones of
lodgepole pines, etc.) may be at a disadvantageast energy projects do not include
reintroduced fire as a management tool. Furthernvanen plantation farming can be used to
generate closed-loop biomass, the potential forawvipg habitat over agricultural lands exist.
However, plantations still have a simpler vegetasoheme than naturally occurring forests.
Species dependent on intact forest ecosystemsevdisinclined to use such synthetic habitats
(Bies 2006, 1205; Janowiak and Webster 2010, 19Ffyest modifications may have
additional, wide-ranging impacts on ungulates; $mammals; birds, including raptors and
cavity nesters; reptiles; amphibians; and invedts, including pollinators and bark beetles
(Spellman 2012).

Because of the combustion, disposing of residyatdducts may still be an issue. For
instance, wood pellets are assigned one of foutegr@ased on how much ash content a
consumer may expect. Premium grade pellets aré eat&% or less ash by weight. In smaller
installations, the amount of ash produced may lagively low—essentially a shovel-full every
season. Larger installations may produce signiflganore ash that will need to be disposed of
e.g., a full 55-gallon drum every heating seasoim ¢arger quantities. If a suitable agricultural

or landscaping needs cannot be addressed usiglthsuch waste may have to be landfilled.
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Concerns persist on whether or not biomass havalitbe sustainable. The National
Wildlife Federation (Kemp and Sibbing 2010, 7-8y, instance, issued a report calling for more
sustainability in biomass project planning. Theor¢peminds readers that forest biomass is
already in high demand from competing industrieg. (eulp mills, composite manufacturing,
etc.) so harvesting level increases from a newstaeergy industry should not cause extraction
to exceed the “regenerative capacity of the forastl increasing incentives for private
landowners to produce biomass should not endamgérgcally sensitive areas. The report was
issued in response to what the group perceivesdasdl efforts to weaken sustainability
constraints on biomass harvests through advancimg@ssional policy initiatives (Soraghan
2010). Some incentives may encourage states tdagewelustries that can reduce forest fuel
loads quickly in the short-term but may have difftg surviving over the long-term, creating a
perverse incentive to “feed the beast.” Rocky SR008), the Program Director of Colorado
Wild’s Forest Watch Campaign, echoed similar seetita at a biomass policy conference held at
Colorado State University in early 2008. He mergabthat creating an industry that exceeds
natural capacity would repeat the mistakes of comimeogging from the mid-20century. He
also mentioned that limits should be based on ¥drasts can provide rather than on what
industry needs.

The Forest Guild, much like The Wildlife Foundatiand Rocky Smith, share concerns
about the sustainability of forest energy projeklswever, the Forest Guild published guidelines
for sustainable harvests in the Northeastern UrStates (Forest Guild Biomass Working Group
2010; Reese 2010). The guidelines could be appliether states and regions in an effort to
standardize definitions and clarify what are beahagement practices (BMPs) for forest

biomass harvesting, but unless the guidelines rfrome recommendations to regulation,
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voluntary standards may not assuage skeptics,asitoithe way forestry best management
practices are subject to the same criticism in Gaolo*

More recently, the Sierra Club, National Resoegense Council (NRDC) and
Dogwood Alliance (Smith 2013) launched a “Forests Not Fuel” campaign in May 2013,
largely in response to increased wood pellet prodaen the southeastern United States. While
the list of negative consequences from a forestggriadustry listed on their respective websites
reiterates many of the aforementioned items ligtatlis paper, the underlying concern is clear
on the NRDC (2013) campaign website: “Once a Sootfeest is destroyed through industrial

logging, its benefits for our communities vanishhait.”

2.4.3 Sociopolitical Disadvantages

Biomass also faces a number of social and pdliti@astraints. First, despite the large
forest presence in the state, forest energy inr@dis not currently one of the key renewable
energy technology foci. For instance, the Color&wernor’s Energy Office (GEO 2009, 5) did
mention “woody biomass” in its report on how it idspend funds from the American
Recovery and Reinvestment Act (ARRA a.k.a. the 6Glirs Bill) but did so only once.
Competing renewable energy technologies, includoigr, wind, geothermal and hydropower
were mentioned much more often. Of note, the Stateérgy rebate program expanded using
ARRA funds but only for solar, wind and geotherraht pump projects.

Also, the definition of “biomass” at both the sta@nd federal level is contentious. At the

state level, Colorado defines “biomass” through Adraent 37 (2004) as any “[n]Jontoxic plant

ZLWhile Colorado’s BMPs are voluntary and non-retarg a recent audit conducted by the ColoradoeStarest
Service (CSFS 2008b, 8) of counties in the nortitred part of the state found that compliance WBWPs were
met or exceeded the minimums about 87% of the time.
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matter consisting of agricultural crops or theiptpyducts, urban wood waste, mill residue, slash,
or brush”; conspicuously, the word missing from dedinition that is common to textbook
definitions is “trees.” The federal effort is everore complicated as it is not a single definition
but rather a series of definitions. A recent Coagi@nal Research Service (CRS) Report
cataloged at least 14 different definitions foreistrbiomass at the federal level (Bracmort and
Gorte 2009; Bracmort 2012). The distinctions agaificant because forest biomass producers
must be mindful of nuances in each definition idesrfor their product to qualify for a particular
program mandate or tax incentive.

Definitions are not the only forest biomass-radgpelicy problem at the federal level.
Although trees removed to safeguard levees coukllable feedstock, errors have occurred
when planting and removing trees. As mentionedipusly, the ACE requires trees to be
removed if they are rooted within 15 feet of a lebecause they are perceived to be a threat to
levee integrity. However, prior to hurricane Ka#jiACE often ignored its own policy and
actually planted trees in the “vegetation-free” geiGrissett 2010, Holden 2008). As a result,
trees suitable for a forest energy program couldlaeted in areas where they should not be
planted. In another instance in Boulder, ColoradelylA-accredited structures, much like the
ACE policy, must have all vegetation within 15 feéta levee removed. Yet trees granted an
exception by the city were removed accidently lopatractor (Urie 2009), suggesting a lack of
oversight. In an extreme case, the town of Elmhiifstois, decided to eliminate 235 trees
rather than lose FEMA accreditation of its 7,0006tfberm and force the town’s 1,400 homes to
purchase flood insurance as they would become itdmab of a new flood plain designation

(Matthews 2010). In these instances, the unintesdadequences from policies designed to
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maintain flood control resulted in the insured remg far more trees than necessary and could
be perceived as reasons to avoid fostering fefienedt energy programs.

Other related federal efforts have been slow tdvevmften at the expense of some forms
of forest biomass. The Production Tax Credit (Pd@i@)provide a financial incentive to
producers but it is limited and the scope of witatnts and for how much suggests the existence
of stark disparities between the effectivenesfieiMarious renewable energy lobbies. Although
discussed further in Chapter 5, the PTC was aVail@bopen-loop forest biomass electricity
projects but for only half the value as compared/at other renewables receive, such as solar,
wind and closed-loop forest biomass electricityjgets. This lack of parity (equality) can be
discouraging to proponents and implies that thendpeest biomass lobby lacks the efficacy of
competing renewable energy sectors. Also, the BT0bject to periodic revisions; the PTC
expired at the end of 2013. The impacts are stdiaing; claiming the political uncertainty
enveloping the PTC's future, wind turbine manufaetvVestas laid off roughly 100 people in
Pueblo, Colorado, due to Congressional inactighénsecond half of 2012 (Proctor 2012).

Also from the federal level, one substantial dragkto using forest biomass to co-fire in
coal plants involves the Clean Air Act (CAA). Undbe CAA, large scale coal-fired power
plants operate under a Title V permit. Unless tlaatpwvas previously permitted to burn wood
with coal, as with the Aquila Plant in Canon C@glorado, a plant seeking to co-fire with
biomass to reduce criteria air pollutant emissimst re-open its Title V permit, which requires
a facility to track and limit its air emissions. Nanly might re-permitting expose a coal plant
operator or owner to litigation, but the processggally quite expensive and time-consuming.

Another potential problem is competition for ravaterials between different forest

product market segments. The Farm Services Agdtex) promulgated rules for the Biomass
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Crop Assistance Program (BCAP) in 2009. BCAP wasgihed to aid agricultural land and non-
industrial private forestland (NIPF) owners who veghto produce and sell biomass feedstocks.
Part of this subsidy could be used to offset teestcosts of forest energy production in Rocky
Mountain states. However, the rules were poorlystoicted as some of the subsidies paid for
materials that were already produced. For exantpéeamount of mill residues that traditionally
went to composite manufacturing were instead ghitbebiomass as revenues for the forest
biomass products were doubled under BCAP (Elpeédt0®2 Subsequently, the program was
suspended in February 2010 for redrafting aftantdip comment period. The final rule was
released on 27 October 20%0.

In May 2010, the US EPA issued its most recenlctiag rule,” which regulated GHG
emissions from large, stationary sources but exedhgmaller factories, restaurants and farms
beginning in January of 2011. Forest energy wagrempted initially, and although the agency
may consider doing so for biogenic sources of aaxhoxide, the rule discouraged proponents
from planning additional projects (Bravender 2010)July 2011, the US EPA promulgated its
“Deferral Rule” which exempted biomass facilitiesrh carbon dioxide permitting (PSD and
Title V) for three years (US EPA 2011b). The US EPB14; Lieb 2014) is now focused on
regulating wood-fired boilers and new wood stoves.

Other, non-political concerns may discourage prepts With clearcutting, aesthetics
become a concern. Although clearcut areas can eeggen initially they can be unsightly and
unpopular. Growth rates in the Rocky Mountain ragaoe notoriously low. In some forest stands

in Grand County, Colorado, two-inch dbh trees wetad to be 80 years old. With the influx of

22 BCAP was reauthorized in the Farm Bill in 2014He tune of $125 million over five years.
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people into the WUI from states where trees regaadaster, such aesthetic concerns may gain
additional significance.

Forest energy, biofuels in particular, may haveaisicant and large-scale social
drawbacks. Clancy (2013) suggests that biofueldymtion may disproportionately affect lower
socio-economic groups. While biofuels could proseful for as a petroleum substitute, mitigate
the environmental impacts of consumption, providergy security and improve national
economies, the other side of the coin is justaksBiofuels could deplete foodstuffs and
agricultural land is shifted from food to fuel fasnincentives that encourage such large-scale
conversions could also lead to negative environatemipacts, including increased habitat
fragmentation and increased spread of invasivaublsfcrops and genetically modified
organisms. The benefits of switching to biofuelsduction are not a guarantee as are any
potential improvements in labor and human rightsdattons for farm labor.

Forest energy projects that produce electricitytrais®d wrestle with the same problem
that other electricity producers face: how to traitgienerated power to consumers. Colorado
currently faces a chokehold in power productioraoee the grid is at full capacity. The problem
has become so severe that Xcel Energy, the majdnnColorado (usually operating through its
subsidiary, Public Service Company of Colorado} &sked the Colorado Public Utilities
Commission for a waiver towards meeting its rendevebergy standard requirement of 355MW
by 2015. For Xcel, generating the power is notdrablem as they have significant access to
wind throughout the state and solar power in the1Sas Valley. The problem is that Xcel does
not have the ability to move the generated elattraut of the Valley (FitzGerald 2010; Ashby
2010). Efforts to construct power lines north thgbuhe Poncha Pass / Poncha Springs area have

failed due to resistance from a billionaire landew(Denver Post 2010). Large swaths of public
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lands might be available for constructing poweeditbut, again, general public resistance could
be overwhelming.

Related to electricity production and state-lewdltics was the promulgation of Senate
Bill 252 in 2013 by the Colorado General Assembhye bill requires generation and
transmission cooperatives to: 1) produce 20% ddl@stricity from renewables by 2020 and 2) if
a cooperative services 10,000 or more metersast 86 of its retail electric sales must come
from distributed generation by 2020. If a cooperasBervices fewer meters, then only 0.75% of
its retail sales must come from distributed gemenafThe 18 cooperatives and their wholesale
power supplier, Tri-State Generation and TransmisA8issociation, fought the bill's passage
vehemently (Jaffe 2013).

Other deterrents are due to the nature of the tmdts themselves. While forest energy
products and byproducts display versatility, thisp @&xhibit some disadvantages. For instance,
the ash produced while manufacturing syngas caite whalkali form, lead to problems with
deposition and corrosion in equipment such asuwaaes that use syngas (Wang et al. 2008,
574). While bio-char is touted to be a soil additand potential carbon sink, the benefits are not
fully understood. More research is needed concgrinaw to appropriately and safely apply the
material (Bracmort 2009, 1). Problematic charast®s of bio-oil include its “[p]oor volatility,
high viscosity, coking and corrosiveness” in addiitto containing a heating value that is half of
Number 2 fuel oil (Bridgwater and Czernik 2004, 5Baird et al. 2009, 551). Cellulosic ethanol
requires substantial and consistent supplies ofmaterials. Also, considering that commercial-
scale production technologies are still in thefairty, years or decades may pass before
substantial progress is made towards achievingwaifiederal policy mandates such as the

aforementioned RFS using cellulosic and other ack@iio-fuels (Eckhoff and Mackes 2010).
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Finally, the ash remaining from firewood and otbembustion projects, while it can be used as
a soil amendment, must be treated first. If fireplashes were added to the soil without
treatment, the high concentrations of potassiumldvimrm potassium hydroxide when watered,;
potassium hydroxide (“potash”) is a main ingredhen making liquid soap.

Biomass may not be as convenient as other forres@fgy. With solar and wind,
residential projects can either be installed oodd or in a backyard. Once installed, they operate
with comparatively little maintenance. Biomass hwearerequires attention to daily fuel
management and the waste ash must be disposeguddntg. Fuel must usually be stored on-
site. Smaller home systems may be inconvenienticpkarly when one must clean out the ash
daily during cold winter weather spells. Also, biass is not a thermal system that activates at
the flip of a switch, like natural gas. Users miastor additional time to start combustion and for
the heat to circulate.

Sometimes, a forest energy project’s logjam cabrbken up through the skill of a
project champiori® A project champion is a person who spearheadssamaes ownership of a
project’s fate. They become engineers, promoteisoperators seemingly by choice and usually
by necessity. Policy champions are critical for@jgct’s success by touting its benefits,
overcoming public apathy or governmental inertifot@st health issues and energy supply
difficulties while maintaining project viability (&ase 2008). However, because much of a
project’s success depends on champions, the laslabf an individual or a group can be
discouraging or even fatal for forest energy prigieSBome Colorado forest energy projects have

failed not long after the project champions terrtedaheir involvement.

% Note that the project champion differs from a ppkntrepreneur. Policy entrepreneurs largely dontemselves
to the political arena; policy champions are muaremarrowly focused on their particular projeateds of interest
may overlap but not necessarily.
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Finally, in what appears to be an isolated instafarest biomass could be radioactive. A
court in Italy seized over 11,000 tons of wood gtslimported from Lithuania because they were
contaminated with cesium-137, a radioactive isofmpeluced by nuclear reactions. Although
not confirmed, the likely source for the absorbsmtope was fallout from the 1986 Chernobyl
nuclear disaster. While only the smoke and ashsams are potentially dangerous as inhalants,
the only reason these pellets were suspect is bedhay did not burn very well. In other words,
the only reason to suspect radiological contamanatomes after the smoke and ash were
produced i.e., after the radioactive inhalants weleased and public health threatened

(Associated Press 2009; Sommerauer 2009).

2.5 Chapter Summary

Given the myriad threats facing Colorado’s forestd the state’s problems meeting its
energy needs, a solution that addresses both iasties same time is worth exploring. Forest
energy is one such solution. Defined, forest enesgyoduced when forest biomass is converted
into energy for human consumption. Forest energjepts can use thermochemical or
biochemical platforms or they can attempt to inségthe two platforms to produce energy,
depending on what products are in demand and weBatrces are available. Although
thermochemical processes are the more establishbddlogies and are generally simpler to
implement, biochemical processes can produce lifygt$ suitable for replacing liquid fossil
fuels. Integration may offer proponents a way ahbming both techniques to keep as many
biomass feedstock options open as possible.

Forest energy projects have many advantages aadvdistages in the economic,
ecological/environmental and sociopolitical realfstest energy project advantages are

significant. These projects can provide a sustdénabcal economic stimulus to rural economies
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immune from outsourcing. The removed material etluce risks for large-scale catastrophic
wildland fire events while helping to restore fdrhealth. Forest energy by-products can be used
to manufacture substitutes for goods that depengktmoleum. Forest energy can improve
national security by reducing dependence on foreibwhile also reducing forest susceptibility

to terrorism.

However, the disadvantages are also significanthé&imoment, forest energy projects
are not likely to be economically feasible withgome form of subsidization or without
developing the full-value product chain, i.e. where full range of wood products is produced.
The overall environmental costs and benefits acddbenergy project development are still being
debated. Policy targets such as those in the RESaotaally exceed what is feasible and/or
sustainable while forest energy products themsgivesent a series of technological challenges

that must be overcome before the products candutosmeet energy demand.
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CHAPTER 3:MODELING FOREST ENERGY POLICY CHANGE

“How many times do we have to have a flood, or hwany times do you have to have a fire
burn out a community or how many times do you bavave a hurricane take out a community
before you say, ‘There has to be a better way?”
Jack Sahl, Director of Environment and Resourcedtuebility,
Southern California Edison (D.O. Williams 2012)

3.1  Approaches to the Study of Policy Change

Forest health and energy supply issues pose signifproblems for Colorado. Wildfires
are burning with greater intensity and can advgnsepact air and water quality, insect and
disease outbreaks increase the risk of blow dowintlaneaten public safety while climate change
exacerbates these effects. Energy price spikescatgring more frequently, disproportionately
affecting lower socioeconomic groups. Economictdsible yet sustainable alternative and
renewable energy solutions are largely in themmafy and fossil fuel resource extraction is
suspected of contaminating water resources inidrstate amidst a prolonged drought.

Forest biomass use (FBU) represents one solutjoetbéa of addressing these problems
in both the forest management and energy developpodioy arenas simultaneously. Forest
energy projects can reduce the fuel loads in thests while also helping Coloradans meet their
energy needs. However, FBU is not without its drae®s. For instance, while the renewable
forest material can be used to produce energyisably, its availability and accessibility are
limited by growth rates, climate and location. VeHiBU can reduce the amount of carbon
released into the atmosphere, it is still dependarfossil fuel combustion for harvesting,
transportation and processing.

Analyzing the circumstances, even beyond forestesnsaigy-related crises, that may help

influence when and how major forest energy policgtrges can be tricky. However, researchers
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have tools at their disposal. Several contempgrabjications review approaches to the study of
public policy change (e.g. Sabatier 1999a, 200dlan 2003, Birkland 2005, Weible 2008, etc.).
These approaches share common elements derivedrittahworks, such as Easton’s (1957)
model of a political system, which provided a sieplbric for subsequent advances. These
subsequent analytical tools are much more complicahd refined. Four developed approaches
include the policy stages model, the multiple stredheory (MST), the advocacy coalition
framework (ACF) and punctuated equilibrium thedP£T). These approaches as well as
instances where they have been applied to thealaggource management and/or energy policy
arenas are briefly summarized and analyzed beldviléwwhany other approaches exist (e.g.,
Social Construction, Institutional Rational ChoiBelicy Networks Theory, etc.), these
approaches are most relevant for this project’sabjes given their ability to explain major
policy change due to “dramatic events or criseangks in governing coalitions and
administrative and legislative turnover" and theyt take “serendipity” into account (Schlager
2007, 310). In addition, hybrid designs, which mqaiéblic policy change by combining parts of

these more developed approaches, are also coridere

3.1.1 Easton’s Model of a Political System

One of the earliest and more commonly referencditlqad system models is Easton’s
(1957) model of a political system. Easton viswedia political system as consisting of five
components: inputs, outputs, a political systefeedback method and a policy environment
(see Figure 3.1). Subsequent models will retaisahey components. Inputs consist of both
demands and support. Demands are needs that ‘@expnre special organized effort on the part
of society to settle them authoritatively” whilepgort consists of attitudes and/or actions that

promote the objectives of another person (East&7,1387, 390-391). Outputs are the political
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decisions or policies promulgated through a pdalt&gystem's process. Easton does not explicitly
define the political system, feedback method andrenment. However, he identified four

primary attributes which are inherent to any orgadidecision-making system.
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Figure 3.1: Easton’s Model of a Political System

Source: Adapted from Easton (1957, 384).

A political system is a collection of units, limitén scope and authority that converts inputs into
outputs through a differentiated yet integratedcttire of clearly delineated and differentiated or
specialized units. The feedback method providespgortunity to address new inputs that result
from outputs, “withinputs” (inputs generated by ghaitical system while operating) and/or
environmental changes. The environment is a safrsBmuli exogenous to a political system
that can influence inputs as well as be influenmgdutputs (Easton 1957, 384-387, 388-389).
The model’s primary strength lies in its delibersit@plicity: “inputs—political system or
processes—outputs” (Easton 1957, 384). Researchemneasure inputs (e.g., resources,
popular support, etc.) and outputs (e.g., fundiferations, promulgated legislation, etc.).
However, the model’'s primary weakness also ligssisimplicity. The “political system” is

intentionally but excessively vague as Easton’s@hddes little to explain what actually
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happens once inputs enter the political systendjmgascholars to label it a “black box” process
(e.g. Anderson 2003, 15; Zahariadis 1999, 74; Bin#dl2005, 223; etc.). Researchers are left to
guess what happens to inputs once inside the “dagK which creates problems with research

replication and researcher objectivity.

3.1.2 The Stages Model

Easton’s model of a political system left room ifmprovement. One attempt to clarify
what happens in the “black box” is the stages mdei@viously, Lasswell (1956) divided the
policy-making process into seven stages: intelkigemecommendation, prescription, invocation,
application, termination and appraisal. Contemponaanifestations of the stages model (see
Figure 3.2) adopt “a series of stages—usually ageetting, policy formulation and
legitimation, implementation and evaluation—andgdiss] some of the factors affecting the
process within each stage” (Sabatier 2007b, 6)dbiabines Lasswell’s stages with Easton’s
input-output model. Even if a researcher incorpesdéwer stages, the gist remains essentially
unchanged: a policy problem is identified and piiaee a formal public policy decision-making
agenda, alternative solutions to address the prohle proposed, a solution is or solutions are
selected and then implemented and evaluated wetpdbsibility of restarting the process to
adjust the adopted course (Jann and Wegrich 2@07, 4

The stages model enjoys several advantages overEasiodel. The “political system”
is much more developed than Easton’s “primitive dely’ (Easton 1957, 384) but still retains
some simplicity. This simplicity not only aids asearcher examining the process or a teacher
conveying important concepts of policy-making, also helps as a heuristic device that allows
researchers to organize their efforts while integgathe literature discipline-wide. DelLeon

(1999, 21-22), for instance, catalogs substantiatrdbutions to the literature according to the
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stage of the policy cycle that each contributioareimes. The policy process is, similar to
Easton’s model, conceptualized as “sequentiakefitiated by function and cumulative” and

provides a logical order, which an observer coaltbfv (Nakamura 1987, 142).

v

Problem Formation

Problem or issue perceived
and demands for action made

v

Policy Agenda

Demands recognized and problem
placed on the agenda for action

v

Policy Formulation

Acceptable courses of action
developed to deal with problem

v

Policy Adoption

Policy selected to address
problem and made as policy statement

v

Policy Implementation

Policy statement implemented by appropriate government
agency, may include legislative oversight or judicial review

v

Policy Evaluation

Informal or formal determination of policy
effectiveness made; suggested improvements considered

Figure 3.2: Diagram of the Stages Model

Source: Adapted from Cubbage et al. (1993, 32).

The model can be modified to fit the researchetfseeience (e.g. stages can be added,
subtracted, combined, etc.,) when experience wiar@rfindings dictate. Relationships between
actors in the political system are emphasized &g phoceed through the stages. In addition, the
stages model can be applied to different polirahas or cultures (Anderson 2003, 26-28).

Finally, the stages themselves serve as the lasigrulating central research questions as
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researchers evaluate the impacts of a programwttii® consequences of program termination
can impact future policy formation (i.e., feedbdlclt provides new inputs for the next iteration
of the policy cycle) (Jann and Wegrich 2007, 58).

However, criticisms of the stages heuristic aré @isssignificant. The stages model may
tend to grossly “oversimplify” the actual policyqmess by failing to account for its actual
complexity and thereby “sacrifices validity for emmy” (Cubbage et al. 2003, 38; Sabatier
2007b, 7; McCool 1995, 169). For instance, theedtagye more realistically “meshed and
entangled” continuously as policies advance thranglprocess as opposed to the linear process
shown in the flowchart (Jann and Wegrich 2007, 8456). The stages model also does not
account for federalism or the impacts on policy-mglstemming from not only intra-level but
also inter-level government interactions (Jann\Alegrich 2007, 56-57). In addition,
applications of the stages model may share siratans but these terms could refer to different
processes depending on the individual author'sitrifdakamura 1987, 142-143). Finally, the
stages model does not help determine which factofsausal drivers” propel a policy through
the process i.e., the model does not describeawiqe testable hypotheses for how a proposal

advances from one stage to the next (Sabatier 209.7b

3.1.3 The Multiple Streams Thedty{MST)

Unlike the stages model, Kingdon (2003, 77-798864116-117) theorizes that policies
are generated through a less formal and lessiitenatocess; rather than following a list of
predetermined stages, policies originate from di¢gg@rimeval soup” (Kingdon 2003, 117).

This concoction in the abstract is the productaligy communities. Policy communities consist

24 7ahariadis (2007, 65) labels the Multiple Stredtheory as, among other things, a “framework” withaally
defining the term. Ostrom’s (Schlager 2007, 293)2€ory” classification is more appropriate.
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of specialists with “technical, specialized andadlet” knowledge about a particular policy area
and can come from a variety of backgrounds, indgdjovernment, academia, business, etc.
(Kingdon 2003, 70, 117-118, 199-200). Nearly frexating in the soup are three concurrently
running currents or "streams": problems, policieg politics (see Figure 3.3).

Streams are metaphysical constructs consistipgudicipants and processes that run
concurrently yet are “largely independent” of omether over time (Zahariadis 2007, 81). The
problems stream involves the way that problemshr@agovernment's agenda. The politics
stream contains assessments of the “national mawodyiding indicators such as the efforts of
organized pressure campaigns and election resuitsamges in administration. The policy
stream deals with potential solution generationesglsolution sets are filtered and analyzed by
members in their respective policy communities ¢tion 2003, 87).

The critical moment for policy change occurs whienstreams intersect, resulting in a
policy window. A policy window is defined as “anmgrtunity for action on given initiatives”
(Kingdon 2003, 166). These windows allow individiitd attempt to link their solutions to the
problem involved. These individuals who willingiyvest their resources to forge such a link are
called policy entrepreneurs (Kingdon 2003, 122-11B8-169). When the streams are coupled
and a policy entrepreneur successfully convincessaam-makers that a link exists between their
proposed solution and the widely-realized probl#ra likelihood of an issue “gaining
prominence” on the decision agenda increases sulaha(Zahariadis 2007, 78).

The MST has a number of advantages. First, itagguty to policy developments that do
not follow an orderly or incremental process (Kingd2003, 205). The MST also “integrates
policy communities with broader events” meaning thaents outside of a political sector will

exert influence on the types of solutions considevaen a policy window opens (Zahariadis
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1999, 78). Finally, it allows for the advancemehideas not solely on the basis of their merits

but also on the way they are presented or concegdaZahariadis 1999, 78).

PROBLEM STREAM
Indicators POLICY WINDOW
gz;:;; l:zi BYens — Coﬂupling Logic
L - Consequential
- Doctrinal
3 | POLICY
Decision Style OUTPUT
POLITICS STREAM - More Cautious
Party Ideology > | _ Less Cautious
National Mood

POLICY
POLICY STREAM ENTREPRENEURS
Value Acceptability Access
Technical Feasibility Resources
Integration ' Strategies
- Access - Framing
- Mode - Salami Tactics
- Size - Symbols
- Capacity - Affect Priming

Figure 3.3: Diagram of the Multiple Stream Theory

Source: Adapted from Zahariadis (2007, 71).

The MST is also subject to a number of criticisigir (1992, 191) and Mucciaroni
(1992, 470-472) argue that the theory does notidenthistorically grounded explanations”
thoroughly enough, leading to charges of ahistemciThe approach pays little attention to
institutional arrangements, which would enhancalii$ity to “better identify what are the

varying processes of the politics stream and hdfgrént processes affect the coupling of the
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streams” (Schlager 1999, 252; Zahariadis 1999K8%jdon 2003, 229-230). Finally, the MST
does not differentiate between major and minorgyathanges (Schlager 1999, 252).

The MST has been applied to both the forest aaetiergy policy arenas. Boscarino
(2009) uses MST to analyze “problem surfing” by WHigdderness Society and the Sierra Club
and found that the groups usually attempt to attheh proposals for sustainable forestry
practices to contemporary forest health problemtispagh the groups differed in their respective
strategies. Kingdon (2003, 98-100) briefly conssdédrS. energy policy as part of his research on
transportation issues during the late-1970s usi®&J MHe argued that the energy crises of the

1970s illustrate how focusing events can affecicyathange when they occur in series.

3.1.4 The Advocacy Coalitions Framework (ACF)

The Advocacy Coalition Framework (ACF) envisiongiggpochange as the result of
policy subsystems (see Figure 3.4). A policy sutesyss a set of actors “who are involved in
dealing with a policy problem” (Sabatier 1993, 24¢ consists of between one and four
“advocacy coalitions” (Sabatier 1993, 26). Theseoadcy coalitions are groups of individuals
“who share a set of normative and causal beliefg’‘@ngage in a nontrivial degree of
coordinated activity over time,” typically over achde or more (Sabatier 1993, 16; Sabatier and
Jenkins-Smith 1993, 5; 1999, 118-120). What holdsiimers of a coalition together are beliefs
shared among these individuals that can be arrainged tripartite scheme:

1. Deep core beliefs, which include basic ontologarad normative beliefs that operate
universally (e.g. individual freedom versus soeilality, etc.),

2. Policy core beliefs, which include a coalition'ssianormative commitments and
causal perceptions across an entire subsystenréiatjve importance of economic
development versus environmental protection, atud)

3. Secondary aspects, which consist of a larger setrmferns, centered on the
seriousness of a problem or the relative importarfices causes, etc.
(Sabatier and Jenkins-Smith 1999, 121-122).
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The coalitions in a particular subsystem develogtatjies to advance their respective policy
objectives (Sabatier 1993, 18). These strategies @fre in conflict, due to the strength of
convictions held by like-minded coalition membé&rsese conflicts are mediated by policy
brokers, or individuals who have a reason to reselwch conflict (Sabatier 1993, 18-19;
Birkland 2005, 226). Brokered compromises leadutisequent policy outputs that are
incorporated in two areas: revised coalition sg&e and in the political environment.

The ACF views the political environment as beingjsct to two different kinds of
factors: stable and dynamic. The first of these rilatively stable parameters, consist of features
of the political environment that, while not impiids to change, are very difficult to alter. The
second kind, dynamic or external (subsystem) eyantésby comparison easier to adjust,
requiring only a few years to a decade and cartlgrefluence the opportunities and constraints
facing subsystem participants (Sabatier 1993, 20-23

The effects of these two factors are further rategl by two sets of inputs. The first set
consists of the long-term coalition opportunityustures. Included in this set are the degree of
consensus needed for major policy change and tien@ss of the political system. The degree
of consensus refers to what level of agreementiaypoould need for passage. The degree of
openness of the political system refers to how nanogss points to decision-makers exist and
how accessible are those points. The second ssist®of the short-term constraints and
resources and refers to a treatment of the levalitifority, money, information, leadership
capability, etc. possessed by subsystem partigd&atbatier and Weible 2007, 199-204).
Advantages of the ACF include its focus on “wellrdi®ped” classes of variables, endogenous
and exogenous to the subsystem. Unlike the MSTA@feis able to account for the differences

between major and minor policy changes. The AC& pisvides a more complete model of the
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individual, in particular its lengthy examinatioofthe tripartite belief system, and incorporates
a more thorough treatment of institutions in itplaration of policy change, also unlike the
MST. Finally, the ACF is oriented longitudinallypically requiring a decade or more for a

complete study (Schlager 2007, 313; Schlager 1939224, 249, 252).

Relatively Stable Parameters Long-Term Coalition Policy Subsystem
Opportunity Structures

1.Basic attributes of the Coalition A Caalition B
problem area and 1.Degree of consensus Beliefs Beliefs
distribution of natural »| needed for major »  Resources Resources
resources policy change A A

2.Fundamental sociocultural 2.0penness of political Strategies Strategies
values and social structure system

3.Basic constitutional 3,0verlapping Societal
structure Cleavages

Decisions by

Government Authorities

External Subsystem Events Short-Term Constraints
and Resources of Ly
Subsystem Actors

Institutional Rules

1.Changes in socioeconomic
conditions

2.Changes in public opinion

3.Changes in systemic
governing coalition

4.Changes in other policy
subsystems

4——Policy Outputs —

4+—— Policy Impacts —p

Figure 3.4: Diagram of the Advocacy Coalition Framevork

Source: Adapted from Weible et al. (2011, 352).

Some of the ACF’s weaknesses appear to be rootiési strengths. Schlager (2007, 317)
suggests the model of the individual needs to epess“more dimensions than beliefs and
resources in order to allow for the many varied el®@f [decision-making].” Weible et al.
(2009) reviewed 80 studies that employed ACF anddahe linkage between external

perturbations and policy subsystem change wasleat. @hey also found ACF does not
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thoroughly address the interrelatedness and inperty among subsystems. Weible et al (2011,
357) found that other ACF mechanisms were not disdseeloped. For instance, more work is
needed on defections from coalitions and what happédien subsystems experience multiple
events rather than focusing on a single event.

Many efforts used ACF to analyze forest and eneaiicy change. Davis and Davis
(1988, 5, 18) considered whether the decisions rhgd¢SFS and BLM administrators were
more akin to the traditional dominant subgovernnmeadel or if the more diverse ACF model
was more relevant. They found ACF to be more us&aibatier, Loomis and McCarthy (1995)
used the ACF to analyze forest planning decisidhey found that forest planning needed a
longer longitudinal focus and that forest planndiegisions involved three coalitions: the
Scientific Management, Commodity and the Amenityey suggest that the ACF provides a
solid basis for explaining the conflicts surrourglthe forest planning process and the resulting
deadlock in the early 1990s (Sabatier, Loomis ai€athy 1995, 236-237). Burnett and Davis
(2002), using the coalitions identified by Sabatieromis and McCarthy (1995, 236), applied
the ACF to Congressional hearings related to natifmrest policy from 1960 to 1995. They
found that although the belief system was not asistent as the ACF predicted, the ACF
nonetheless provided a “useful means for concaptuoglthe policy community and a
methodologically sound way of analyzing data fromewmentary sources for the elicitation of
core and secondary policy beliefs” (Burnett andiB2002, 226-227).

For U.S. energy policy, Jenkins-Smith and St.rQE®93) used the ACF to examine
energy leasing on the outer continental shelf (OCBgy found that belief systems were not
necessarily hierarchical in advocacy coalitionaf they could identify two different, competing

advocacy coalitions that remained stable over peard decades (one favoring more relaxed
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OCS regulation and one favoring increased OCS agigul); that exogenous events (e.g crises,
electoral, socioeconomic change, etc.) would erpdaalition defection; and that ACF provided
greater precision in coalition analysis than eadtadies. Based on this effort, Fenger and Klok
(2001) argue that the ACF should pay more atterntbarard networking problems or the
interdependency among coalition members that Fedfig's overcome collective action
problems. Freudenburg and Gramling (2002) use B8 €tudy to suggest that some dominant
advocacy coalitions act in such a way that theugthink or “members’ striving for unanimity
override their ability to appraise alternative cmg of action realistically” may inadvertently
bring about a coalition’s own end. Nicholson-Crq2905) found that the ACF, applied to the
Echo Park Dam (e.g. hydropower, etc.) controvefdhi@mid-twentieth century, could

successfully model competition between federal nahtesource management agencies.

3.1.5 The Punctuated Equilibrium Theory (PET)

Punctuated Equilibrium Theory (PET) borrows fronoletionary biology’s notion of
punctuated equilibrium, which theorizes that a gisabspecies’s evolutionary history will
include "long periods of morphological stabilitynxtuated here and there by rapid events of
speciation” (Eldredge and Gould 1972, 84, 109-1&8@umgartner and Jones (1993, 4) originally
suggested that a political system enjoys long peraf relative stability or equilibrium but “this
stability can be punctuated with periods of votathange” that “come at the beginning of a new
policy or in its occasional restructuring.” Thisuiption in continuity occurs as a result of an
exogenous shock, whereby policy change occurs qmidleium resumes (Repetto 2006, 8;
Baumgartner and Jones 1993, 4; True et al. 199989Baumagartner 2009, 25-26; Jones and

Baumgartner 2012, 3, 8-9).
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Stability is the preferred modus operandi for podit actors as it signifies a policy
monopoly, a.k.a. iron triangle, policy whirlpoollsyovernment, etc. As originally conceived, an
“Iron triangle” is a structure of self-reinforcirgid pro quo relationships between an executive
branch agency, a legislative committee and anastegroup. Over time, these actors help one
another benefit by satisfying their political waatsd needs. Once established, these political
structures can be identified by two key charadiessthey have a definite structure that limits
participation in the policy-making process and they buttressed by powerful supporting idea
(Baumgartner and Jones 2009, 6-7). One of the signéficant and oft-cited examples of a
policy monopoly is nuclear power regulation in theited States during the mid-to-late
twentieth century (see Duffy 1997).

Subsequent developments depicted policy-makingeasesult of larger, more nebulous
“issue networks” that are not as heterogeneousimipership and uniform in purpose as the iron
triangles (Heclo 1978, 278). Furthermore, the irthials that constitute a subsystem are
constrained by Herbert Simon’s concept of “boundgebnality.” This concept means
individuals can make rational decisions to betteirtown self-interest but fail to “maximize
their potential returns” as the amount of inforraatthey can process is “bounded” or limited by
the amount of attention they can pay towards amgissue and their cognitive and emotional
“architecture” (True et al. 2009, 158-160; Baumgartand Jones 2009, xxiii; Jones and
Baumgartner 2012, 3). Subsequently, the environméhinake multiple or parallel demands on
a political system but a political system’s struetmeans that it relies on subsystems to solve
these problems in parallel as a political systetimged to serial processing.

So long as the buttressing idea that bolsters aopudy remains widely accepted

(positive) and the interested group continues trtaks influence without challenge, the
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monopoly will remain intact. However, if the ideadins to loser favor as those outside the
monopoly begin to challenge the status quo, areissusibility may increase. The issue may
leave the jurisdiction of the monopoly and landtloa larger political system’s agenda. As the
subsystems’ parallel processing capabilities nmteeserial processing needs of the political
system’s serial processing capabilities, the opmitt for major political change develops.

To track how these opportunities develop, reseasamest track two significant
independent variables when using PET:

1. Policy images, which are the way in which the pubihderstands a policy problem,
usually in a positive or negative light [‘tone"héa

2. Policy venues, which consist of the existing sahefitutional arrangements that
have the authority to make a decision concerniegtintested policy
(Baumgartner and Jones 1991, 1045-1046; Baumgatiedones 1993, 25, 32;
Baumgartner and Jones 2009, 25-27, 32).

Baumgartner and Jones (1993, 26, 28) suggest giagke policy or program may have many
implications, impacting people in various ways amnel thus associated with various policy
images. Subsequently, political conflict is a catfabout competing perceptions of the same
policy or program.

The process by which exogenous interests maymtisrpolicy monopoly and induce
major change is difficult. For policy change in tdeited States, the structural arrangements
means “it’'s easier to play defense” and challengarst expand the scope of the conflict
(Schattschneider 1960). They may do this throughadriwo ways. One way is by appealing to
others who are not active in the debate, theretrgasing their numbers and possibly

transforming their side into the winning side. Thegy conduct this appeal by constructing a

negative policy image that attempts to discreditgghsitive policy image created by the winners

115



(Baumgartner and Jones 1991, 1046-1047, Baumgatnkedones 1993, 25-30; Stone 2002;
Cobb and Elder 1983).

The second way to expand the scope of the cordlitirough policy venue shopping.

This approach relies on a policy image but not sg@ely on mobilizing the masses. Challengers
of the status quo “shop” for a venue that mighfri@ndly to the policy or program. Alternative
venues might include “congressional committeese gfavernment organizations, courts, private
businesses, or any other relevant institution” thieght provide a friendly audience

(Baumgartner and Jones 1993, 36).

Policy change is the result of both policy imagd aolicy venue changes. Baumgartner
and Jones (1993, 38) note that where the policgasare in flux, the likelihood of a policy
venue change increases. When policy venues chmggpossibility for policy change also
increases. When alternative policy images are sstaky discredited by a well-established
policy monopoly or when policy venues are tighthntrolled, the prospects for policy change
are diminished. The interaction between image amlig can strengthen or weaken policy
monopolies over time, which can describe both pisriaf stagnation and rapid change. Changes
in image and/or venues result from Kingdon’s pokeyrepreneurs, as discussed under the MST.

Advantages of PET are that it is, like ACF, iseatd account for both rapid bursts of
policy change as well as long periods of relathagsation. PET, however, pays more attention
to institutional arrangements and processes, wnglact “policy subsystem structures and the
types of policy change occurring” (Schlager 20QI77)3PET also focuses more on “attention
allocation” as opposed to belief structures (Sat&§p07, 317).

PET is also subject to limitations. Studies mustteducted longitudinally, like ACF, for

periods of a decade or more, which could detarsesfor emerging subsystems. PET also lacks
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any sort of predictive capability. PET proponerdkrwledge that punctuations will occur but
the theory cannot predict when they will occurlegit resulting magnitudes (Schlager 2007,
310). PET may have difficulties accounting for fedist system-related disparities when applied
to a single policy arena, i.e., PET had difficudiyplaining why federal-level and state-level
results may be different concerning the same patictu (Cashore and Howlett 2007). Finally,
adapting natural science theory to meet the nefesisctal science theory is challenging. For
instance, True et al. (2009, 167-172) applied REdnalyzing budgets but found budgets,
measured in dollars, do not follow evolutionaryntte. As Prindle (2012, 35) notes: “Daughter
species do not unevolve back into their parentispelet alone oscillate back and forth between
one species and another, as is common with butigetthermore, Howlett and Migone (2011)
suggest the PET adaptation does not replace @blgatence’s incremental-only policy change
model but merely enhances it.

Cashore and Howlett (2006 and 2007) employed PEh#byze forest policy in the
Pacific Northwest. They found that its applicalyilitepended on which level of government was
subject to the analysis. PET was much more appédalthe federal-level national forests as
opposed to the incremental state-level policy-mgkegarding private forestland management
(2006, 156-157; 2007, 542-545). Davis (2006a) wsetbdified version of the PET to study
wildland fire suppression policy in the Western tddiStates. He found that PET could account
for the transformation of suppression-only polidies “more flexible set of policies that
currently guide agency response to the emergenaddiires under differing conditions” (Davis
20064, 125). Davis (2006b) also used PET convitgitagexamine grazing policy changes for
federal lands. He recommended that analysts sloouisider alternative means of affecting

policy change including court cases, federal pnogdacentralization that provides an

117



opportunity for action by state and local entigesl policy change recommendations emanating
from collaborative decision-making efforts.

Concerning energy policy, Baumgarter and Jones3)1&8plied PET to the nuclear
power industry. By examining nuclear power longitadly, with explicit attention paid to media
coverage and venue changes, they were able to derai@nthe applicability of PET to technical
and energy issues. Duffy (2005) studied changiregggnpolitics involving coal bed methane in
Montana and Wyoming using PET. He found that a ‘®vak/criticism” developed as the
negative impacts from coal bed methane developmebilized opposition from a disparate
group of land users, including ranchers, real estatelopers and environmentalists, which took
advantage of various venues to force industryterivalize more of the consequences from
energy extraction (Duffy 2005, 411). Lane (20063dithe PET to analyze U.S. policy toward
GHG controls and found that, given the current igpium regarding climate change policies,
making even modest adjustments for stricter enmsstmtrols was uncertain, and aggressive
changes would be impossible. Dunn, Jr. (2006) demsithe PET as it pertains to automobile
efficiency standards development. Dunn, Jr., foaipdinctuation regarding fuel standards in the
mid-1970s but since the enactment of CorporateadyeiFuel Efficiency (CAFE) standards, the

policy arena has remained in equilibrium.

3.1.6 Hybrid Designs

Anderson (2003, 23) cautioned policy researcheavtdd dogmatic reliance on a
particular model or approach. In a similar veimestscholars (e.g., Sabatier 1999b, 270;
Zahariadis 2007, 86; etc.) encouraged researcherset multiple theories whenever possible.

Some recent efforts to model public policy charajettheir advice to heart. These efforts merge
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aspects of the previously considered approacheauig the new designs in an effort to
provide stronger analysis and conclusions.
For instance, Vaughn and Cortner (2006, 3) usanemation of the stages model with
the “primordial policy soup” component from MSTdaalyze changes to forest policy
completed during the George W. Bush presidenciudieg a brief treatment of forest energy
provisions in the Healthy Forests Restoration AtfERA, P.L. 108-148) of 2003. They focused
on “how problems are identified and redefined laksholders as they emerge on the political
agenda and work themselves through various stehee gfolicy process” (Vaughn and Cortner
2006, 3). Birkland (1997) developed a model thatgad the MST with ACF to study oil
spills and nuclear power plant accidents. Whil&kRimd does not explicitly address forest policy,
his effort very well could examine forestry issu€snsider his definition of a focusing event:
an event that is sudden, relatively rare, can hearably defined as harmful or
revealing the possibility of potentially greatetute harms, inflicts harms or
suggests potential harms that are or could be cdrated on a definable
geographical area or community of interest andithlahown to policy makers
and the public virtually simultaneously.
(Birkland 1997, 22)

Colorado wildfires, such as those previously disedsn Chapter 1, are potential focusing

events, given their frequency, proximity to comnii@si and proclivity to inflict catastrophic

damage (on this point, see also Davis 2006a, 120-12

3.2  Methodology: Using a Mixed Method Design

Given Anderson’s, Sabatier’s and Zahariadis’s @gland the ability prior research as
shown to successfully merge theoretical approa¢hesstudy also makes use of a hybrid
design. By combining the MST with the PET approaciieis study argues forest energy
emerged as solution to the forest health and ermrggs in Colorado via policy entrepreneurs.

The addition of MST allows better historical orgaation for the longitudinal requirements of
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PET through the three-stream structure. IncludiB@ Bddresses MST'’s lack of an institutional
focus and provided a stronger methodological stinector identifying policy windows and
detecting major policy changes.

The study then incorporates both the PET and th& Midle the methodology also
incorporates quantitative and qualitative methddiss study adopted a mixed methadsearch
design (Creswell 2003, 18). Mixed methods desigmsline both quantitative and qualitative
methods to achieve research objectives while “ecfipg] the best of both quantitative and
gualitative approaches" (Cresswell 2003, 22). Astdive rationales exist for choosing a mixed
method design:

1. Triangulation: To increase the validity of constsuand inquiry results by
counteracting or maximizing the heterogeneity m#l@vant sources of variance
attributable especially to inherent method biasdbs to inquirer bias, bias of
substantive theory and biases of inquiry context.

2. Complementarity: To increase the interpretabilitganingfulness and validity of
constructs and inquiry results by both capitalizomginherent method strengths and

counteracting inherent biases in methods and stiances.

3. Development: To increase the validity of constrtd inquiry results by capitalizing
on inherent method strengths.

4. Initiation: To increase the breadth and depth qtiiry results and interpretations by
analyzing them from the different perspectivesitietent methods and paradigms.

5. Expansion: To increase the scope of inquiry bycsiglg the methods most
appropriate for multiple inquiry components.
(Greene, Caracelli and Graham 1989, 259)

With research on forest energy policy change Hétively untapped, the field is ripe for study.

These five rationales for choosing a mixed methmgat@ach as listed above apply.

3.3  Methodology: Applying the Mixed Method Design
This study combined the MST with the PET to analggest energy policy change. It

used a concurrent nested procedure by developimged method for analyzing forest energy
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policy change. A concurrent nested strategy indbl/eesearcher performing both quantitative
and qualitative methods simultaneously but whererarthod predominates the other. In this
instance, qualitative (QUAL) predominated quantia(Quan) (see Figure 3.5). This strategy
allows a researcher to “gain broader perspectisesrasult of using the different methods as

opposed to using the predominant method alone”s{@zt 2003, 16, 18, 136, 217-219).

Quan

QUAL

\/

Analysis of Findings

Figure 3.5: Diagram of a Mixed Method Approach

Source: Adapted from Creswell (2003, 214).

The study applied this design through three pha3esinitial phase of the study relied
on qualitative research to construct (“divine”) gdon'’s streams for forest management and
forest product use history as well as for energyettimment and energy use history in Colorado.
The second phase of the study followed BaumgadgnérJones’s (2009) approach to identifying
and analyzing policy images and policy venues ith Itlee forest policy and the energy policy
arenas. The reason for completing the quantitaégearch portion after an initial qualitative
effort was that the quantitative portion was usetidentify specific populations or issues” that
needed to be explored further and in depth (HesiserBBnd Leavy 2003, 323-324). By

identifying the key venues, images and politicabes; the quantitative effort provided a solid
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foundation to conduct the third phase, a seriegeh-ended interviews with key actors in the
forest and energy policy arenas, including fedieradl management agency professionals, private

industry and non-governmental organizations.

3.3.1 Phase One: Divining the Streams

The first phase traced Kingdon'’s three streams fgablems, policies and politics) as
they pertained to two policy arenas in Coloraddnigst health (Chapter 4) and 2) energy issues
(Chapter 5). Specifically, the review searchedvah media including books, media accounts,
articles, reports, etc. for any potential focusawgnts, using Birkland’s definition. Anticipated
candidates include those forest health threateandyy security risks discussed in Chapter 1.

Previous efforts to model policy change have cavéoeest policy or energy policy, but
studies covering forest energy policy change aaecec Mindful of the gap, part of this study is
gualitative. Richards and Morse (2013, 27) sugtegtqualitative methods are appropriate when
the researcher wants “to understand an area wittdzed known or where previously offered
understanding appears inadequate (thin, biasetialpar’ However, this qualifier presents as a
problem as most prior PET studies rely heavily namditative-only methodologies. This
continuing trend is so conspicuous that BaumgadndrJones (2009, xxiii) and Jones and
Baumgartner (2012, 13) argued that qualitativermgttion is just as crucial as quantitative and
using qualitative methods more in PET studies egssary to make the PET approach more
complete.

The review also functioned as a search for polioydaws. At various points in time, due
to a potential focusing event or events, the steeemple in each policy arena and policy
windows subsequently opened. Resulting policiestedavere responses by the political system

to such focusing events. While policy promulgatiothe forest policy arena and the energy
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policy arena studied longitudinally may seem likparate exercises, they can be linked, much
like the way Jenkins-Smith and St. Clair (1993) &mbdon (2003) viewed the sequential,
linked nature of the oil crises during the 197@sptigh the forest energy policy arena—streams
cleverly channeled and coupled by policy entrepuene

Furthermore, this study allies itself with Kingdsmiotion that solutions pre-empt
problems. In other words, policy entrepreneurscest for a problem (potential focusing
events) to link their preferred solutions to rattiemn searching for solutions after problems
emerged. The policy window, courtesy of potentialusing events, provided the policy

entrepreneurs with a temporary opportunity to fdiges.

3.3.2 Phase Two: Policy Images and Policy Venues

With potential focusing events and policy windowsntified, the next phase involved
applying the PET. To apply the PET, two key indejmsr variables of concern were chosen: the
constructed policy images and the chosen and chgmgley venues. The dependent variable
was policy change. The approach taken to operdizenthese variables relied heavily on the
approaches conceptualized by Kurtz (1999, 42-58)Gorwin (2002, 30-63). Briefly

summarized, Kurtz divided the application of theTREo four periods (see Figure 3.6).

Equilibrium Turbulence Strategies Policy Change
Stability External Interest Devices of Statutory Output
Policy Monopoly Pressure Change Policy Leap

Figure 3.6: Diagram of the Punctuated Equilibrium Theory

Source: Adapted from Kurtz (1999, 42).

The first period, Equilibrium, is characterizedigjative policy stability, meaning that
policy change is incremental or small, and a poti@ynopoly is established. This monopoly will
remain intact and will self-reinforce until acteplam by external interests. The second period,
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Turbulence, begins when these external interestshwvere or felt excluded from the policy
monopoly or who have previously been denied acief®e agenda, bring pressure (attention) to
bear and, in this case, take advantage of potdotiaking events, such as those identified during
the first phase. The third period, Strategies,datis when tactics were used by those in the
established policy monopoly as well as those exogeno the monopoly to achieve their
respective policy objectives. The final period,iBplChange, is the point at which one can
determine whether or not a policy change has oedwand to what extent the change is major or

non-major (e.g., no change, symbolic or incremgmbdity change) (Kurtz 1999).

3.3.3 Independent Variables

Independent variables in this study are factorsghoto contribute to destabilizing
current forest policy and energy policy monopoleguilibria) in an effort to promote forest
energy as a new policy arena. Forest energy palaxyld be framed as a solution to both forest
health and energy security problems.

Following the PET diagram, the first task is tontiy the change from equilibrium to
turbulence. This change can be identified usingraber of key quantifiable observations.
Following Kurtz (1999, 43-44), this study examirfed indicators, operationalized per the
following:

1. Number of Congressional committee and subcommiigagings: A change from
equilibrium to turbulence should be indicated byuatick in the number of
committee and subcommittee hearings held on paldntiusing events in the forest
policy and energy policy arenas. For tallying pwgmas well as subsequent venue
shopping tallies, committee and subcommittee &illél be separated. These tallies
were quantified using ProQues€®ngressional Publicationdatabase.

2. Public agency official participation: A change fraguilibrium to turbulence is
indicated by an increased number of testimoniemgtdx to the aforementioned
Congressional hearings from officials representitayr respective agencies.

Participants were classified according to theielef government: “F” for federal
agency, “S” for state agency, “L” for local ageraryd “O” of other.
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3.

5.

Interest group participation: A change from equililn to turbulence is indicated by
an increased number of testimonies submitted tafinementioned Congressional
hearings from interest groups. Interest groups wkassified according to their stance
on forest energy: “+” for proponents, “-” for oppants and “0” for neutral or split.

Citizen activist participation: A change to turbute is indicated by an increased
number of testimonies submitted to the aforemertic@ongressional hearings from
citizen activists i.e., those unaffiliated with iaterest group. Much like Kurtz (1999,
43), the diversity of citizen activists makes cifisation nearly impossible so data is
restricted to tallies. However, information glearfienn testimony, media accounts,
interviews and other sources is included qualiedyiwhen possible.

Amount of media coverage: A change to turbulendedgated by an increased
number of articles that cover forestry, energyave$t energy. Baumgartner and Jones
(1993, 49) found that “media coverage does indeecspond to official concerns.”
Media coverage in their research, as well as ingkearch of others, is simply
counting the number of articles that focus on acetl issue during a given time
period. The rate i.e. the number of articles phigitsper year indicates issue salience.
The number of articles was determined by revievangual volumes ofhe Readers’
Guide to Periodic Literaturédrom 1973 to 2012. Relying solely on the guiddeds

from Kurtz (1999) in that it does not include t#eCl National Newspaper Index and
differs from Baumgartner and Jones (2009) in thdbes not include the New York
Times Index. The rationale is that Baumgartner ks (2009, 295) found, while
theReaders’ Guidavas not exhaustive, it was comparable to othecésdand
coverage was so consistent, that the index oneselsdo use “makes little

difference.”

Once turbulence has been found, the next stepidemmify Strategies employed by those

actors who are endogenous and exogenous to they patinopoly. Kurtz (1999, 44-46)

identified six different strategies employed byst@ctors. These six indicators can be
condensed to two qualitative umbrella categorieticpimages and policy venues (Baumgartner
and Jones 1991, 1045-1046; Baumgartner and Jo8&s 29, 32). Following Baumgartner and
Jones (2009) while adapting Kurtz (1999, 44-46) @odwvin (2002, 53-55), these two umbrella

categories were defined and operationalized.

Policy images were efforts made by endogenous sogesous actors to frame the forest

energy policy changes to stabilize or disrupt tbkcg monopoly, respectively. These policy

images are constructed through media and can takg forms. For the purposes of this study,
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images were limited to testimonies submitted to@ess and articles’ titles captured by the
Readers’ GuideFurthermore, these images can be classifiedalinedtbased on their “tone,”
which refers to whether they convey favorable dauarable publicity towards a policy change.
In order for the researcher to classify testimongoarticle based on tone, the researcher must
adopt a point-of-view. For the purposes of thi®effthe assumed perspective was that of a
forest energy development proponent. With a viewpestablished, the counted articles’ titles
and testimonies given before Congress, under theulence step, can be organized by those that
were favorable, those that were negative and tth@gavere neutral, contained both positive and
negative elements or were unknown. For examplestie with the title “Forest Biomass
Utilization Heats up Rural Economies” would be cd@ds a “positive” article as the title
suggests that using forest energy creates a po#mipact on rural economic systems. An article
titled “Bio-Fools” would carry the exact oppositennotation, as the title implies that forest
energy proponents are unaware of the final resfliseir efforts. Furthermore, previous PET
studies have used multiple coders to increase acgiBaumgartner and Jones 2009, 293). For
the more recent 15 years (1998 — 2012), articles waeded and then the articles re-coded after
one year. Reliability exceeded 99%. Given the la@ggruence, the re-coding step was dropped
for all years prior to 1998.

Policy venues provide arenas for the endogenousangenous actors to find favorable
consideration. Venues provide one outlet for poimgges to compete and a number of routes
are possible. Following Schattschneider’s (1960pbifization of bias” observation, interests
can try to bring their policy image to bear. Fatance, expert testimony can be submitted
during a hearing to help buttress or refute an en&gerest groups can also highlight moving

personal accounts and stories. The policy monopasgyan interest to limit participation while
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the exogenous interests will attempt to enlargestiope of the conflict by seeking venues
outside of the monopoly where their images mighe¢tbective. They also do not have to restrict
their efforts to existing federal outlets. Venuegping can be done at levels other than the
federal as federalism provides for multiple lewgkst could be targeted. Interests may try to
change state and/or local policies in an effoush a change onto the national agenda.
Furthermore, given the large number of committeebcommittees and federal level staff, an
interest that finds itself outnumbered may be &blevel the playing field by strategically
choosing existing, favorable venues without attengpto create dominating policy images or
mobilizing segments of the population (Baumgartred Jones 2009, 36). Venue shopping can
be detected by looking for the following:

1. Achange in agency jurisdiction,

2. Creation of a new oversight agency

3. Responsibility for a policy or program remains watth agency, but that responsibility
expands to incorporate more of the presented poheage(s), or

4. A change in the level of government responsibleafpolicy’s oversight
(Adapted from Corwin 2002, 55).

By searching media accounts, through interviewsevang Congressional testimony, venue

shopping was identified.

3.3.4 Dependent Variables

Policy change was the primary dependent variafdevweas operationalized as following
(Kurtz 1999, 46-48; Corwin 2002, 57):

1. No change: Policy outputs remain unchanged as niltirig allocations.

2. Symbolic change: Policy change does not includedai®s, no methods for
distribution or redistribution of resources andiormethods for oversight / follow-up.
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3. Incremental / Minor change: Policy change occuth@tmargins while leaving the
gist of the policy intact and relatively unaltered.

4. Non-incremental / Major change: New, enforceabliicpas created that may create
new programs / agencies, result in substantialresaransfers and/or policy
oversight.

Some policies are large enough that they may aostane or all of the above. When possible,
those specific titles or provisions were analyzepbsately.

For policy monopolies that are firmly establishpdlicy change, if it occurs, will likely
result in one of the first three options. Policymapolies will have the ability to limit
participation and select or monopolize the appaiprvenues. When external interests create
turbulence and adopt strategies designed to dinepnonopolies, either through creating a
favorable image that mobilizes the apathetic ocdmgfully selecting venues outside of the

monopoly but receptive to the policy image, thempbssibilities increase for non-incremental or

major policy change.

3.3.5 Study Propositions
Adapting from Kurtz (1999, 48), a number of testaptopositions emerge. Relying on
the list of independent variables above, the Iik@did of policy change occurring was predicted

using Table 3.1.

3.3.6 Phase Three: Data Triangulation

Reconstructing the policy images and determiningiwkenues were selected and why
are the cruxes of the PET approach. Note thatalardents obtained previously—testimonies,
reports, articles, etc.—provided an informationteasuitable for completing this effort. Further
triangulation was accomplished through interviesfter counting and coding, articles, hearings

and reports were read to obtain the names of aptxtecipants in the FBU policy arena. These
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participants were potential policy entrepreneuid &are likely individuals quoted in the media,
including individuals employed by the targeted fatiéand management agencies (BLM, NPS,
USFS and USFWS).

Table 3.1: Likelihood of Policy Change Occurrence

Independent Factors that Increase Chances | Factors that Decrease Chances
Variables for Policy Change for Policy Change

Generate turbulence by mobilizing Fail to expand issue(s) or efforts o

External Interests the disinterested mobilize bias subside

Use subject matter experts who | Lack of information available to

External Interests
challenge status quo challenge status quo

Create policy tools suitable for Are ineffective, inactive or

External Interests adoption by nation apathetic

Issues are switched / expanded to Issues remain firmly entrenched i
venues beyond the monopoly the status quo

—

Policy Venues

f

More distinct and partially Newer venues are not created or,

Policy Venues
autonomous, open venues createdcreated, are not open

. Tone is negative Coverage is decreasing or
Media Coverage 27 : .
Coverage is increasing nonexistent
Issue Scope Become more nationalized Become |ésmalzed

Source: Adapted from Kurtz (1999, 48).

The initial scope of potential interviewees wasitéd to the national forest, national park, field
office, or refuge level but was expanded througha@wballing technique. Furthermore, to learn
the names of key entrepreneurs, the reviewed daaisnpeovided a list of some “experienced
and knowledgeable” participants in the given polegnas (Rubin and Rubin 2005, 64-67).
Once these participants were identified, they veergacted for in-depth, semi-structured

interviews following the structural approached m&ti by Rubin and Rubin (2005, 129-200).
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Incorporating interviews with qualitative accougtsaned from other sources (e.g.,
media, Congressional testimony, etc.), rich caséis$ can be created. The third phase produced
these case studies (a.k.a. longitudinal case stadiease histories) for each of the four targeted
federal land management agencies in Colorado [ K1996) and Clarke and McCool (1996)
as examples]. Defined, a case study is:

...an empirical inquiry that investigates a conterapy phenomenon within its
real-life context, especially when the boundariesMeen phenomenon and
context are not clearly evident.
(Yin 2003, 13)
More specifically, this project used Yin's (2003,)4nultiple-case, holistic design (Type 3
Design). Selecting a case study approach is appteprhen one asks “a ‘how’ or ‘why’
guestion...about a contemporary set of events, wharh the investigator has little or no
control” (Yin 2003, 9) and “is often adopted forgbdacto (after the event) studies rather than
ongoing issues or questions” (Berg and Lune 2028) 3A multiple-case study is advantageous
as compared to single-case designs because trenegiffom the cases is often considered more
compelling, and subsequently the effort is rega@eteing more robust (Yin 2003, 46-47).

The case study approach has traditionally beejestuto a number of criticisms,
including charges that it fails to incorporate adse rigor, that it serves as a poor basis for
generalization, and that it takes too long to catgohnd then only “result[s] in massive,
unreadable documents” (Yin 2003, 10-11; Thomas 28838 While applicable to an extent,
these charges can be systematically addresseth@mnesearcher can be careful and thorough
enough to avoid them. Yin (2003, 21-28) identifiee elements that are critical to any case
study research design:

1. Study questions,

2. Propositions, if any,
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3. Unit(s) of analysis,

4. Logic linking the data to the propositions and

5. Criteria for interpreting the findings.
This study contains all of five elements. Studysiioms were presented in Chapter 1.
Propositions were presented in a table in Secti8rb3Units of analysis focus on the four
federal land management agencies, also identifi€chapter 1 as the USFS, BLM, NPS and
USFWS. The final two elements are presented imeh®ining chapters.

Additionally, Yin (2003, 33-39; see Table 3.2) mméises four separate tests that one can
measure in an effort to assess the quality of a sagly research effort:

1. Construct Validity

2. Internal Validity

3. External Validity

4. Reliability
Construct validity consists of establishing thereot operational measures for the concepts
being studied. Multiple tactics exist for estahlghconstruct validity, including using multiple
sources of data (e.qg., interviews, Congressiosaht@ny, media accounts, etc.), establishing a
chain of evidence (i.e., the reader can “tracetdysfrom original research questions to final
conclusion and do so moving in either directiond &aving the study’s informants review a
draft copy of the constructed case studies. Intetalality refers to establishing a causal
relationship, whereby certain conditions are shtoviead to other conditions, as distinguished
from happenstance or spurious relationships. Onetavastablish internal validity is to conduct
explanation building. Explanation building is a siaétype of pattern matching where the goal is

to analyze case studies’ data by building an exgtian around the cases. The explanation
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typically follows an iterative process where a tieical statement is developed and then revised
and the process repeated until rival explanatioagbminated (Yin 2003, 120). External

validity involves establishing the domain to wheelstudy’s findings can be generalized. For this
study, the same logic was applied to all four cdadies. Finally, reliability requires the
researcher to demonstrate that the operationstofdy can be repeated with the same results.

Table 3.2: Case Study Tactics for Four Design Tests

Phase of Research in Which

Tests Case Study Tactic Tactic Occurs

Use multiple sources of data Data Collection

Construct Establish chain of evidence .
L ) . Data Collection
Validity Have key informants review draft case "
Composition
study report
Do pattern matching
Internal Validity Do explanation building Data Analysis

Address rival explanations
Use logic models

Use replication logic in multiple-case

External Validity Research Design

studies
Reliabilit Use case study protocol Data Collection
y Develop case study database Data Collection

Source: Adapted from Yin (2003, 34).

The analytical strategy for this project focusedpattern matching (Yin 2003, 116-120).
As defined, pattern matching compares an empiyidalsed pattern with a predicted one. Kurtz
(1999, 52) identified two patterns using PET:

1. Turbulent periods in which the existing policy mponty dominates resulting in
negligible to minimal policy change, and

2. Turbulent periods in which external interests sedd@ disrupting the existing issue
monopoly and redefining the agenda.
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By paying attention to the elements of case stedgarch, quality tests and pattern matching, the
researcher stands a much better chance of defidcaiditional criticisms of the case study

approach.

3.4  Chapter Summary

Forest health and energy supply issues are signifiand result in public policy changes.
However, anticipating policy changes and their sglent results can be difficult. Fortunately,
several approaches were available for modelingippblicy change. Several contemporary
models were summarized and analyzed in additidnylboid approaches, which model public
policy changes by incorporating elements of momveational approaches.

This study used a three-phase hybrid approaclctmbined elements of the Multiple
Streams Theory and Punctuated Equilibrium Thedmg flrst phase used a qualitative method to
divine Kingdon'’s three streams. The second phasé asnixed methods approach to identify
policy images and policy venues that were involwepolicy change. Finally, the third phase

used a multiple case study design to explain haestaenergy policy emerged as a policy arena.
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CHAPTER 4:FOREST POLICY AND FOREST ENERGY

“We can use it or lose it. We can't have an indushrat’s too big, and we cant have one that's
too small.”
— Carl Spaulding, President of the Colorado Timbetustry Association,
on creating a forest energy industry in Colora@able 2008)

4.1  Historical Overview of Federal-State Forest PolicyConflicts

Turbulence has riddled forest management in théeldrtates since the earliest Euro-
American settlements (e.g. Dana 1956; Hirt 1994;i©3001; Floyd et al. 2002; etc.). Despite
early reports that they were limitless, Euro-Amancettlers would learn that North American
forests would eventually be subject to the samecdgas Europe’s forests. This scarcity led to
struggles that initially were over who could accessch forests and to what end. Later, the
focus would include the need to conserve foredtistamletermine the appropriate rate and means
for resource extraction as the trees became scaitwese struggles led to conflicts that were
often characterized by violent, local resistancareg} agents of a centralized power, whether a
foreign monarchy or a subsequently establishedmaltigovernment. Overall, the emerging
historical trend appears to be a long, ingrained] ahtimes, simmering conflict between the

edicts of a distant, centralized authority andaegl or local needs-based economic systems.

4.1.1 Federal-State Forest Policy Conflicts to 1858

One early example of these conflicts occurred aNfassachusetts Bay Colony. In 1691,
the Colony received a new Royal charter after tlewipus charter was invalidated by the High
Court of Chancery of England seven years earlient&ned in the new charter was a clause
which reserved timber of mast-size for the Royal\@oore 1877, 942, 954). Specifically, any

tree at least 24 inches or more in diameter medstra height of one foot from the ground that
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was not on private land was reserved for the RNgaty and as such was marked with a “broad
arrow,” which consisted of three ax blazes in tieensin the shape of an arrow (see Figure 3.1)
to signify the tree’s reserved status (Dana 1956Ctonon 1983, 110-111). Subsequent edicts
further expanded the species range and reduceditiium reserved tree diameter sizes as
larger trees were depleted and often done so nitfedible waste (Dana 1956, 11-12; Cronon
1983, 110-111; Little 1888, 185-186). Those whegdlly removed reserved timber as well as
those who cut counterfeit arrows into trees toalisage competitors from harvesting the largest

trees and thus reserve choice trees for themsebtdd face monetary penalties or jail terms

(Dana 1956, 11-12).

Figure 4.1: Broad Arrow Mark

Source: Adapted from Hammarstrom (1976, 21).

The Colonists’ response to this Broad Arrow Polias one of “vigorous” defiance and
helped spark the American Revolution (Dana 1956 153Rutkow 2012, 25-33). According to
Robert Armstrong, General Surveyor of Her Majestysods and Forests in America, for every
one mast that was sent to England for the RoyayNaiwwveen the years 1701 and 1721, 500
reserved trees eligible for the same purpose head itlegally removed for other uses (Dana

1956, 14). Royal timber agents who attempted tallgge-sell confiscated timber to colonists
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would be unable to find buyers; had their mategaseized by colonial woodworkers, who
would in turn alter the evidence so that the materd longer violated the law; or would endure
threats against their lives or even directly agsdulvhen “ducked into local mill ponds” (Dana
1956, 13).

One particularly illustrative incident was the Pifree Riot of 1772, which began when
Royal timber agents attempted to enforce the BAyaalv Policy. On April 13th, an unpopular
Sheriff Benjamin Whiting, Esq., and his Deputy, d&uigley, Esq., entered the town of Weare
in the New Hampshire Province with the intent gkating one of the more egregious offenders,
Ebenezer Mudgett. When the agents apprehended Mudgessured them that, if he were
released on his own recognizance, then he would bav ready by the morning. The agents
spent the night at a local inn. At dawn, Mudgettisted into the Sheriff’s room and told him that
bail was ready. Mudgett and about two dozen othea, faces blackened, promptly whipped
Whiting mercilessly with pine branch switches. Qeygwas able to put up some resistance but
ultimately succumbed to the mob, too. Both men viereed against their will to mount horses,
which had their “ears cropped, manes and tailaodtsheared,” and rode out of town while
enduing the taunts of the mob. Eight of the pegtets were later arrested and indicted but were
only fined 20 shillings and court costs (Little B3885-191). Such light sentences suggest that
the court was more sympathetic to popular opin@amtthe policy, its enforcement and, above
all, its enforcers.

With just as much civility, the conflict betweentiomal management policies and local or
regional need-based priorities, continued afterimerican Revolution and during the course of
the next half-century. Policies were promulgategrivide for the orderly settlement of newly

acquired lands. However, many of these legitimatidution schemes suffered from poor
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policy design and execution. The United Statesliaaed between a system of cash sales and
credit sales for land between 1785 and 1862; thales were typically preceded by a public
auction where few could afford the minimum offesn&urthermore, these same lands were the
only source for timber—a resource necessary facalgure and industrial growth (Dana 1956,
22-29; Gates 1968, 121-218). Essentially, timbsoueces were locked up without a formal
decree, encouraging squatting and timber trespaBsito-American settlers and mirroring the
previous forest resource sequestration under thaddArrow Policy.

Exacerbating the timber shortage while trying tiplesure national security, the United
States instituted a system of “naval reserveshboral stores that in some respects resembled the
Broad Arrow Policy in that particular provisions ieemade for preserving certain indispensable
species, namely live oa(ercusspp) stands (Dana 1956, 46-55). Again, the law would
eventually broaden to include all tree species doom public lands. These policies also produced
similar results to the Broad Arrow Policy: enforgiagents were largely incapable of arresting
timber trespass or timber trespassers. The acousedtypically tried by local, sympathetic
juries and, much like in 1772, faced trivial finesg. “one cent”) upon conviction (Dana 1956,
51-52).

One of the more striking examples of resistancelires a zealous General Land Office
(GLO) official in 1853. Isaac Willard, a “particulg obnoxious timber agent,” faced threats of
“force and violence” for attempting to arrest timipeachers on public forests. Incensed by the
public rebuke, Willard recovered and then offeraddrge quantity of stolen timber” for sale at
Manistee, Michigan (Dana 1956, 55). The materiaicimlike confiscated material under the
Broad Arrow Policy, was stolen back by locals bit could not be physically relocated, burned-

in-place. Attempts to arrest the offenders eitldedl flatly or were met with violent resistance
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and rebuffed. When Mr. Willard summoned federabp® arrests were made but sentences,
again, consisted of light jail time or negligiblads, which is somewhat surprising given that
federal agents were killed in action during theeeglDana 1956, 557.

The conflicts of the mid-1850s were not only congpus for their violence but also for
failing to stimulate reforms in national forest jg| particularly in addressing timber trespass on
public lands. The newly-created U.S. Departmenhefinterior (USDI) started the 1850s
actively prosecuting timber trespass. However, &y4] the USDI deferred to the GLO, which
quickly transferred authority from its timber ageta local land officers (with no commensurate
transfer of funds). Agent Willard’s supervisor weensferred to the Office of Indian Affairs. The
net result: timber trespass officially was dected unofficially was treated with leniency.
Perpetrators were assessed a “liberal” stumpagevigeh was not based on any attempt to
assess the material’s true value and funds werguaotinteed to reach the U.S. Treasury.
Material removed was done so at the whim of thegteator, not the owner (i.e. the federal
government). In essence, the federal governmenteWier, could claim that it was addressing
timber trespass and settlers could claim that Wneng acquiring timber legally. This
“compromise” or equilibrium quietly endured for ghly the next twenty years (Dana 1956, 53-
58).

Other industries increased timber depletions as+tumericans moved westward. The
fur trade, particularly beaver and buffalo peltstdeed for European markets, lasted until the
1840s, when stocks were all but depleted and iatermal fashions shifted from pelts to silk

(Mehls 1984, 24; Ubbelohde et al. 2006, 36, 39-#8& vacuum left by the loss of the fur trade

% |n a letter to Arthur Davison Ficke in 1930, EdBtaVincent Millay (1972, 240) wrote: “It's not guhat life is
one damn thing after another—it is one damn thivey & over.” The surprise might be tempered givies Pine
Tree Riot verdicts.
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was filled by an increasing sense of nationalismeurthe Manifest Destiny doctrine with settlers
actively seeking routes to Oregon and Californiadcape poor prospects (e.g. recession,
disease, poor climate, etc.) in the East or togiytize Native Americans in the West. Settlers
heading westward found another incentive as gokldiscovered in California in 1848,
encouraging the first of a series of mineral lamshes in the American West that would span the
1850s. The California Gold Rush of 1849 involveadneds of thousands of people crossing the
West and necessarily some would traverse what wexddtually become Colorado. Migrants
prospected along the way and some did discoverigdlblorado, although the finds paled in
comparison to California’s. Mining increased thend@d for wood material for timber supports,
flumes and eventually a vicious cycle of boom-andtltommunities (Butler and Lansing 2008,
81; Hine and Faragher 2000, 185-189, 199-200; W98, 190-192; Limerick 1987, 41-42, 45;

Mehls 1984, 33; Abbott et al. 2005, 44).

4.1.2 Federal-State Forest Policy Conflicts from 1858810

Similarly to the California rush, entrepreneursifirthe East, following rumors from
previous expeditions and information from Native dmans, ventured into Colorado in 1858 to
try their luck. The discovery of gold near the daehce of the South Platte River and Cherry
Creek spawned a gold rush the following year. Tdrikousands of new settlers flocked to the
area, including discouraged miners from Califolama other areas. Within two years, the
Colorado Territory was organized and statehoodagaseved in August 1876, earning the state
its “Centennial State” nickname.

Colorado’s “Fifty-Niners” are significant in thdté increased number of people primarily
occupied with mining, just as in California a deea&arlier, led to a dramatic increase in the

amount of timber consumed (see Figure 4.2). Forests cleared to make room for mining
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towns, for grazing and for transportation improveisePart of the clearing was done by fires.
Euro-Americans could clear the land with littleagffexerted, but fires could also be used to

drive away Native Americans or even other Euro-Aoaars.

Figure 4.2: Timber Use in a Colorado Mine

Source: Denver Public Library, Western History @ction (2009).

Often fire was used to sacrifice a limited amouritwng timber along the edge of a government
reserve. The reasoning: if a plot’s edges weredajrander regulations at the time, the entire
plot encapsulated by charred stems could be dedsit “dead,” which would permit timber
extraction. Miners used the timber for mine suppadil ties and buildings (Veblen and

Donnegan 2005, 53-55).
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As the toll incurred from forestry-related actiesiincreased, the seeds for a new way of
viewing forests were planted. George Perkins Mar§t885)Man and Natureoriginally
published in 1864, suggested that the downfall ajfomcivilizations could be linked to the way
they failed to manage their natural resources,aslbpedeforestation’s disastrous consequences,
and how the United States might incur those samsempuences without more careful thought as
to how it manages its own forests. Marsh'’s thinkamgdenuded forest lands would resonate with
readers and later influence conservation leadeckjding Gifford Pinchot and John Muir.

The notion that forest resources were not limitlgas not completely lost on voters in
the Colorado Territory either. Although General Ndih Larimer declared that “[o]ur pineries are
convenient and will last for generations to comefiag a Christmas celebration at Cherry Creek
in 1858, dissenters existed. Frederick J. EbertaM@srman-trained forester who “was largely
responsible for the formation of a committee ore$biculture at the constitutional convention”
(Ubbelohde et al., 2006, 275). Although his ideaafetate board of forestry was defeated, he
successfully inserted two clauses into Coloradofsstitution during convention. The first clause
required the General Assembly “to enact laws togmethe destruction of and keep in good
preservation the forest” on state lands and thoeéecred to the state by Congress (CO Const.
art. XVIII, 86). The second clause became Sectiontiich allowed the legislature to exempt
from taxation the increase in a parcel’s valuadttincrease resulted from tree planting. These
provisions are significant because they are tls¢ firovisions incorporated into a state
constitution “that specifically authorized a defenforest policy,” although no corresponding,
effective legislation was enacted to support thavsion for another decade (Kinney 1917, 5;
Ubbelohde 2006, 275-276). An effort not long afitatehood to extend tax rebates for tree

planting went nowhere (Ubbelohde et al., 2006, 2&Ggr half a century, the results from
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Colorado’s use of constitutional provisions insteategislation appeared to have been a matter
of convenience rather than a push for efficacycKlIlL938, 290).

The West continued to grow. Following a decadaeadflfobservations, John Wesley
Powell (1878) concluded that settling the West wiaeimain largely contingent on the amount of
water available to settlers (Graf 1990, 1-2). Theatle after Powell’'s report withessed many
proposed federal policies for regulating the irtigia of arid intermountain lands. These
legislative efforts culminated in 1888 with theatien of the Irrigation Survey under control of
the United State Geological Survey (USGS), whick ivaaded by Powell. They also reserved
all lands from public sale that could support iatign development until irrigation project
construction sites were identified (Graf 1990, T8)ese reservations, coincidentally initiated by
Representative George Symes of Colorado, wereeamptve strike against land speculators.
Plots nearest potential dam or irrigation sites vdae prized and thus demand a higher price.

These reservations also mark the beginning ofitbedf at least five distinct Sagebrush
Rebellions (Graf 1990, 16-17). Defined, a SagebRsbellion is characterized by organized
resistance in the American West to federal pulaindipolicies (Graf 1990, xv). Realizing
belatedly that the Irrigation Survey would mostlikimpede instead of expedite Western
development, the Sagebrush Rebels organized aseéguéntly pushed to eliminate the
Irrigation Survey and remove Powell from a positafrauthority. Rebels believed that reserving
lands would essentially be a land lockdown of aceutain duration (e.g. “decades”) as the time-
consuming work conducted by the Irrigation Surveswontingent on available resources. By

1890, the Rebels largely succeeded (Graf 1990,735-4
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However, the Sagebrush Rebels were not contentsmitply eliminating the Irrigation
Survey® In 1890, they attempted to pass a law that wocédié all unappropriated lakes and
rivers to state or territorial control,” in effegliminating federal control over the water resoarce
and subjugating vital watersheds to western masg@af 1990, 49). This push failed but
stimulated interest in passing additional land mef The net result of this additional interest
was the General Revision Act of 1891 (a.k.a. Cveaict, Forest Reserve Act or General Land
Law Revision Act). This act repealed a number dicpes that aided homesteaders attempting to
settle in arid environments not conducive to fagramd also attempted to reduce corruption
concerning land disposal. Tucked inside the Actydaer, was Section 24, an (illegally) inserted
clause that allowed the President to reserve sextbpublic forests (Graf 1990, 49-50, 61;
Steen 2004, 26-27; Ise 1920, 114-118; Dana 199510Q). The forest conservation movement
had finally come of age.

Presidents seemingly wasted little time in exemggheir newfound powers. President
Harrison added 13 million acres to the forest ne=sebefore the end of his administration in
1893, including five forest reserves in Coloradi@liog just over 3 million acres (Colorado State
Forest Service [CSFS] 2002, 7; Abbott et al., 20@3,). President Cleveland reserved another
4.5 million acres by the end of the same year aug@d an additional 21 million acres by early
1897. With over 40 million forested acres reserygd 898, the largest political problem with the
forest reserves was not necessarily so much tkeo$ithe reserves or their location, but that

their intended use had not been explicitly stateithé authorizing legislation meaning that the

% Nor were they content to leave John Wesley Poatetie. Between 1891 and 1894, the US GeologicaleSis
budget was reduced by 66%. Professionals vacatei®894, Powell resigned from his leadership pasitiothe
agency. Ironically, the same legislators who det#tidhe US Geological Survey were the same elexffexials
who argued for increased USGS appropriations just fp 1900 (Graf 1990: 51).
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reserves were more like preserves, mirroring tle®ipus lockdowns of the Broad Arrow Policy,
naval reserves, etc. The reserves were also esbeaotimanaged and unfunded (Dana 1956,
102, 105; Steen 2004, 27-28; Hays 1959, 36; Wycke$, 93).

Western interests opposed the reserves but thestigpowas different during this second
Sagebrush Rebellion. Traditional opponents to ésemves, such as mining, grazing and timber
groups, who normally would uniformly oppose resatcresource access, were fractured by
economic incentives. For instance, timber groups whuld logically be expected to decry
restricted or prohibited harvesting on public landght actually support the reserves if the
members were of large enough size i.e., ownedfggnt amounts of timber. Conceivably,
significantly amassed timber stockpiles would iasein value as westward population
expansion increased the demand for forest produluts the available supply decreased due to
the reserves (Graf 1990, 64-65; M. Williams 1998)} In addition, farmers, who depended on
forest-based watersheds for irrigation, and urbaellérs, who relied on those same waters for
drinking, feared floods from denuded forest lanad Eent their support to the reserves (Graf
1990, 64-65, 68-69).

Efforts to establish uses for the forest reseovatibegan not long after the 1891 General
Revision Act passed. Although a number of billem@gpted to either open the reserves or at the
very least to provide uses for timber on the resgrmone of the attempts succeeded. Not until
the advent of the McKinley Administration did presps change and then only after the
intervention of the National Academy of Sciencebioh included Gifford Pinchot’s efforts. The
result was the Organic Act of 1897 which, after mglkconcessions to and compromises with
western interests, finally established three maipgpses of the forest reserves: 1) to improve

and protect forests within the reserves’ bounda8eso secure favorable conditions of water
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flows and 3) to furnish a continuous supply of tenbor the use of all citizens of the United
States, not just the West (Ise 1920, 122-142; &%, 102-110).

The most important aspect of the 1897 Organicféicthe purposes of this study is the
opening of the reserves to all citizens of the &bhiBtates while noting, however, that the
location of the reserves would remain completelgtved the 108 Meridian until the Weeks Act
in 1911. While subsequent developments are sigmfias they would enhance and expand the
forest reserve system, the combination of Presifleabdore Roosevelt and Gifford Pinchot in
the USFS would more than triple the size of thedoreserves (see Table 1.1), now renamed
National Forests, and reserve more public landiisix@ly from the Western states. These states
lacked the political organization of a unified ftggowerful enough to undo the changes but were
able to curtail the President’s power to set aaut#itional reserves in six western states in 1907,
including Colorado. Reluctantly, the Rebels wenedd to accept the change from disposal to a
more aggressive custodial approach to managindggoablds but not before over 15.7 million
forested acres were reserved in Colorado or ab&4t & the state (Graf 1990, 87-88, 121, 131-
134; Clawson 1983, 31-33; Dana 1956, 392; Ubbel@had, 2006, 277).

Hostilities towards the National Forests appeaodokt for the moment defused as the
Sagebrush Rebels accepted or rather were forcactept the new management approach to
National Forests. Tensions between rural econoheasily dependent on resource extraction
clashed with larger national interests that primedl a more structured, managed approach.
However, the ashes from previous uprisings stibblsiared. Although the terms of future debates
would change, the underpinnings for each SagelResiellion would, not surprisingly, remain

constant.

145



4.1.3 Federal-State Forest Policy Conflicts from 191A.8Y3

Even though managing grazing was the USFS’s “domtiaetivity” until just after World
War 1, the chief concern of the fledgling agency baen “fire from the start” (Hays 2009, 20-
21, 27-33). Fires in the latter part of the ninathecentury influenced the agency’s priorities.
Large blazes, such as Peshtigo in 1871, etc. bumtbdsuch severity and instilled such fear that
fire control came first and foremost in the mindi$avest administrators. In the early 1900s,
wildfire seasons would commonly consume betweem@n and 50 million acres, or an area
the size of Vriginia, West Virginia, Maryland anetl2ware combined (MacCleery 2002, 25).
The “spark” that brought greater visibility to fe@nd national forests occurred with the “Big
Blowup” of 1910. In August, conflagrations in Montaand Idaho impacted the nation and
served as a catalyst for the young USFS as a Bmdkcre area (roughly the size of the current
mountain pine beetle epidemic footprint in Coloradorned in a day and a half. The smoke
plume darkened the Boston sky. Nearly 80 firefighteere killed and no totals were kept of the
dead immigrants who were conscripted into theifjres.

The negative media covering these conflagratioeated a perceived need to manage
fires, preferably by subjugating them to direct axgedient human control. The initial focus for
fire suppression was on “frontier fires,” or thdses emerging near settlement while agency
personnel contended with a lack of adequate ressufdter 1930, the focus switched to
“backcountry fires,” which included fires in morennote, mountainous terrain but also those
fires on lands that had been abandoned. Duringithes suppression gained further momentum
with the Tillamook fires in the early 1930s. Thé)“A.M. Policy” in 1935 emerged as the
nation’s first national forest fire policy, and sificantly, this policy, or what Pyne et al., (1996

256) called “panic legislation,” remained unaltefedover 30 years (National Interagency Fire
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Center [NIFC] 2001). With military personnel returg and surplus war equipment available

after World War 11, the focus again shifted to apobilization for attacking mass fires. The

persistent political ramifications of both the lexgng physiological and psychological scarring

can still be seen in contemporary budgetary authtians and appropriations for USFS wildfire

suppression as the allocated percentage has naoréripled over the past two decades (Pyne

2001a, 253-254, 281; Pyne 2010, 35; USDA FS 200Z0R

Table 4.1: Growth of the National Forest System, 18.-2012 (in acres)

Years Acres Years Acres Years Acres

1891 2,437,120 1904 56,000,000 1920 156,032,053
1892 5,353,040 1905 75,352,175 1930 160,090,811
1893 17,564,800 1906 94,159,492 1940 174,769,543
1897 18,993,280 1907 132,731,865 1950 179,685,328
1898 40,719,474 1908 147,819,660 1960 180,843,513
1899 46,021,889 1909 172,230,233 1970 182,571,102
1900 46,772,129 1910 168,028,752 1980 183,060,464
1901 46,410,209 1911 168,165,163 1990 187,083,2p0
1902 60,175,765 1912 165,027,163 2000 192,383,0y7
1903 62,354,965 1915 162,773,280 2012 192,976,743

Source: Adapted from Williams (2007, 44) and US[ZA(F012). Shaded areas cover the
Roosevelt-Pinchot era.

2" Note that these numbers use net acres as opppgeass acres. Repeated accounts use the grogst@isevhich
would include private lands and non-forested adkkm, “national forests” were not created untiD¥9 pre-1907

acres refer to “forest reserve” lands.
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In addition to public safety, fire was also viewasla direct threat to the national forests’
ability to produce wood. Until the 1920s, indusshowed little interest in sustainable timber
harvesting through the centuries’ “cut and run't@as, where businesses would remove timber
and then either sell the cleared land to farmeehandon the land (and their subsequent tax
liability), causing the depleted lands to revergtwernment ownership (Hays 2009, 3;
MacCleery 2002, 33). The harvesting methods usedgltcut and run” tended to be wasteful
and the large amounts of residue left behind |€de¢s, whose suppression and prevention
became the government’s responsibility. Thus, ledgfing USFS had a precarious relationship
with the commercial timber sector and would mamits guarded relationship for nearly the
next half-century. Pinchot believed more regulatbforest resources, private and public, was
the appropriate course of action. These “regultiessts,” where slow-growing old growth
forests were deliberately replaced with faster-gngwicrop” rotations, would theoretically meet
the nation’s sustained timber yield needs and imptbe forests’ productivity (Hays 2009, 8,
38-41; Hays 2007, 9-10).

However, the federal intransigence left industigking for other partners. The need to
produce wood meant that the fire threat had todokeessed and industry was amenable to action
as fire rendered timber investing speculative agding and land ownership risky. States began
to increase their roles in forest management wita#rol-and-suppression” fire management
policy promulgated through the Weeks Act of 191d #re Clarke-McNary Act of 1924. The
greater cooperation between public forest and pwif@est advocates led to a strengthening of
the bonds between state-level government and primdustry, although some states such as

Colorado were initially reluctant to partake in twoperative state fire protection scheme as the
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area experienced relatively mild fires and theasfructure in place was able to adequately
address flare ups (Hays 2009, 9, 59-60; Godfrey 2030).

Change followed World War Il. The demand for wasigoods, including material but
also complementary goods like packaging and shgppamtainers, increased the pressure on
private forests to produce. After the war, the meiwg soldiers immediately began starting
families, leading to a “baby boom.” The new fanslieeeded homes and national forests were a
source for raw material for building homes (e.gyvittowns, etc.) that would also reduce the
strain on private forests. The “rapproachment” leetwthe USFS and industry was mutually
beneficial. The timber industry needed replacemtamtdwindling raw material supplies. The
agency viewed timber harvesting as an integral gfats mandate. By cooperating with the
timber industry, the USFS could supply rural, loeebnomies (e.g., mills and supporting jobs)
while attempting to achieve its management objestand working to “make the forests pay.”
Often times, the USFS would find itself capitulgtito local pressures as “sustained yield”
became “sustained communities,” where the cutengls exceeded sustainability limits. These
demands placed on the agency led to more econohacatsting processes, including clearcuts
(Hays 2009, 56-60; MacCleery 2002, 42).

Clearcuts involve cutting entire timber sale ardé®y are comparatively quick. Because
they harvest all trees in a given area, they maamconomic yield. In some cases, they mimic
natural processes e.g., a clearcut would mimicthaed-replacing process that lodgepole pines
follow during a fire-initiated regeneration, as 8pecies is wont to do. They also have
drawbacks. For instance, while they may mimic whatwould have done, they do not actually

reintroduce fire into fire-dependent ecosystemehas those same lodgepole pine stands. They
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also are unattractive and, as a result, their agsitend to evoke a negative, visceral reaction

(see Figure 4.3).

-

Figure 4.3: A Clearcut on the Leadville National Foest, Roughly 10 Miles West of
Leadville, Colorado.

Source: USFS (2007). This photo was taken on Septeh®, 1915. The trees were used for
making charcoal for mining operations. Note thehhggjumps. Although the harvesting practices
would become more efficient over time, the emotig@etion one may experience is unchanged.

Special thanks to Dave Steinke, USFS.

As the use of clearcuts increased in the mid-28thuwy, their impacts became more apparent
and widespread. The large, desolate tracts welldevisom adjacent hillsides by locals and

overhead via airplanes. The impacts on environnhemnglity, such as increased runoff pollution
and stream sedimentation degraded water qualilglif@i habitat and recreational opportunities.

Conflicts between multiple uses emerged.
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The USFS responded by requesting guidance from i@esgCongress responded by
essentially letting the USFS to draft its own léagise response. The result was the Multiple-Use
Sustained Yield Act of 1960. The legislation is dland simple—about a page and a half. The
major point is that the USFS must manage for “ootdecreation, range, timber, watershed and
wildlife and fish” and do so that no one use isiteel greater than any other as they are in
alphabetical order. However, the use of the worgddoor” before recreation is suspicious
because it is unnecessary: how many people choasereate in national forests for their
substantial “indoor” opportunities? Also, the pleédwildlife and fish” is the reverse of the more
often used “fish and wildlife” phrase that is aladhe name of a related federal land
management agency. Why do these discrepancie® ékiaha and Fairfax 1980, 201)

The answer stems from the rising prominence ofé¢hesation and preservation
communities after WWII. The increased demand fardiog and related wood products after
World War 1l was dramatic; the annual cut from oaél forests increased from about 3 bbf in
the late 1940s to about 11 bbf in the early 1960=cCleery 2002, 42; Hirt 1994, xliv).

Colorado was no exception. For instance, in Fiseal 1953, Region 2, an administrative unit of
the USFS that includes Colorado, cut almost 218 frif@blorado was over half the total). In
Fiscal Year 1955, Region 2 cut over 290 mmbf (Geyl2012, 249). While the cuts were
increasing, these same forests were also suitabke‘fecreation boom,” which was now
possible given the post-war economic boom. Theeeging demand for “outdoor recreation”
opportunities resumed after the interruption bywlae, including visits to the national forests.
For instance, in 1954, the San Isabel National $tdrad 981,000 visits, which was a 300-
percent increase over 1950. In 1955, Region 2 épexd over 7 million visits, which was an

increase of nearly 950,000 visits over the previees’s record (Godfrey 2012, 252). However,
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an acre of forestland can provide material for h@mestruction or for recreation amenities; an
acre of forestland cannot do both equally welhatgame time.

Recognizing the threat to forests and coupled thighgrowing demands and improved
technological harvesting, preservationists andeaanists pushed for policies to help protect
recreational spots. The “Mission ‘66" plan was deped by the National Park Service starting
in 1956 to restore and modernize the National Barkice units and also allow them to
accommodate visitors until the year 2000. The UBfSponded with its own “Operation
Outdoors,” which also attempted to improve its eational facilities (Hays 2009, 73). (The
inter-agency competition undoubtedly helped spar‘dutdoor recreation” language contained
in MUSYA.) Also, they pushed for legislation to peot remaining wild or “untrammeled” places
in the U.S. After years of trying, Congress padbedVilderness Act of 1964 that allowed
Congress to designate Wilderness areas that weubdfiimits to extractive uses, including
logging. Finally, after a number of environmenteasters including an oil spill near Santa
Barbara, California, and the repeated ignitionib$kicks on the Cuyahoga River in Ohio, the
newly created environmental movement helped push fmmber of laws that would
substantially regulate environmental impacts inclgdorest management activities, such as the
National Environmental Policy Act of 1969 and thed&ngered Species Act of 1972. However,
the conflicts between local, use-based economaripes and national preservationist priorities

were still intensifying.

4.2  Multiple Streams and Forest Policy from 1973 to 204
For exploring how forest policy and energy policg atertwined, beginning in the early
1970s with the Nixon Administration makes some seksrests faced a number of conflicting

demands, including increased demand for timberaanidcreased demand for providing
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recreational opportunities, and simultaneous critle policies for long-term forest
management planning were insufficient for addrestiese multiple, conflicting demands. The
politics surrounding environmental protection, irdihg forests, became extremely volatile.
When viewed together with the corresponding prokleveloping in energy (e.g. the Energy
Crisis), the foundations for forest energy beconoeenapparent. Following the approach taken
by Kingdon (2011, 231-241), this section divines three streams: problems affecting forests,
policies crafted to manage forests and the pol@rogeloping national forest management and

stakeholders.

4.2.1 Forest Problems

At the end of the 1960s, national forests face@isd\problems simultaneously. The
timber industry continued its push for increasiaguvests as demand and subsequently prices
increased. Between 1967 and 1968, wholesale luprimess increased by 37% over 18 months.
One option for ameliorating the supply shortage Mdave been to increase production from
national forests as the increase in supply woultsegrices to fall. However, the opposition to
clearcutting, the most economical form of timbeneating, was just as determined as the
industry. Environmental degradation from terracledicuts on the Bitterroot National Forest in
Montana and sanctioned clearcutting on MonongaKatenal Forest in West Virginia had been
increasing since the mid-1960s. In addition todbeflicting demands placed on the forest,
natural change agents were still active. By 191&, mountain pine beetle became “the most
serious insect pest in the Rocky Mountains,” incigdColorado and Region 2, as annual timber
losses to the beetle exceeded those from any cdluse, including fire (Godfrey 2012, 289-292,

297; Hirt 1994, 256-261).
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The more significant problems stemmed from timbgraetion’s environmental impacts.
Senator Lee Metcalf appointed a commission to stbdyJSFS’s process; the resulting Bolle
Report in 1970 excoriated the agency and found‘thaltiple use” was not practiced and
instead the agency’s approach to timber harvestiwogved little concern for the environment and
other forest uses. The Church Report in 1972 wstsgsi critical of USFS timber harvesting in
the Monongahela National Forest and went so féo develop guidelines for when and where
harvesting should occur. On the heels of thesestgmificant reports, turkey hunters in West
Virginia sued the USDA in the case\Est Virginia Division of Izaak Walton League of
America, Inc. v. Butgl975). At issue was the legality of clearcutscérding to the Organic Act
of 1897, which spelled out the purposes of theonaliforests, the only trees that could be
harvested had to be dead, mature or large groesis that had been clearly marked. For
clearcutting practices, the only trees that weearty marked where the outlining trees in the
timber sale area i.e., the only trees that weretpdiwere timber sale border trees that indicated
to loggers where to stop harvesting. As a resutlhigfcourt decision, in order for a clearcut to
occur all trees in the sale area would need to &ea, thus severely curtailing the use of
clearcutting as the time and expense for the amtditirequired labor would be cost-prohibitive.
Congress was compelled to act but its efforts forne the USFS did not pan out as either side
had hoped. Public debate and litigation increasdd@holes for bypassing clearcutting and
harvesting allotment limits and pressures on thE®&® deviate from the limits were
substantial. From the late 1970s through the 1988wvest levels remained unsustainable and
old-growth liquidation continued. Increased cortfli@s inevitable (Hirt 1994, 262-265; Hays

2007, 16-19; Burnett and Davis 2002).
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Despite predictions of “mild and gentlemanly cactfliiClawson 1983, 8), Koontz (2002,

1-3) and Davis (2001, 26-27) cataloged a numbarstdnces where on-duty federal land
management agency personnel received threats erierped severe acts of violence due to
intensifying federal-state and even federal-loeaktons regarding land use policy. These tallies
increased after the listing of the Spotted Owl99Q and resulting timber reductions in the early
1990s. The Washington-based Public Employees feir&@mmental Protection (PEER) maintains
a database on violence against federal land maregeamployees; since 1995 their findings
show that levels of violence remain quite high (RE®12a, 2012b). Of the federal agencies
considered, the vast majority of cited incidentgeted Forest Service employees (PEER
2012b). For instance, the number of reported vidleridents committed against USFS
employees in 2001, the same year the federal cbartsed logging in spotted owl habitat,
increased by 136 percent. The largest increasenn2¥4 at 302 percent. The incidents’
brutality is just as shocking. For example:

A bomb detonated outside the home of a Forest Gedistrict ranger in Carson

City, Nevada, destroying the family van, which vpasked in the driveway, and

blowing out the front windows of his home. The offiof that district ranger had

previously been firebombed.

(PEER 2012b)
The intensity and scope of the violence suggestsinuation or even an exacerbation of
hostilities between national and regional / statedl stakeholders.

Different objectives at different government levedsx complicate the decision-making

process as they may be incongruent or in conffiot.the Spotted Owl controversy, which
dramatically reduced average annual timber outjoun federal forests after 1990, the economic

needs of forest-based industries in rural commemiliere at odds with federal mandates to

protect endangered species. Both the industrieshenodwls were dependent on the same local
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forest resources. These differences suggest fpodisy decisions that span jurisdictions are
perceived essentially as zero-sum games, wherpamgnecessarily improves its position at the
expense of another, with long-term trends remainimggertain for all.

Wildfire suppression is the quintessential examylidfire suppression efforts over the
course of the twentieth century constituted a dexdlulged sword. With one edge, the US Forest
Service attacked fires with increasing efficienejidving that fire suppression could improve
ecological stability while reducing economic los§df#~C 2001). More than $200 million in
surplus war equipment was sent to state and lacglerators after World War Il to help
suppression efforts (Williams 2007, 199).

The compounding of effects constitutes the swasdsond edge, manifesting itself in
more recent years. In 1993, the Malibu fires thahbd southern California shocked the nation.
The bigger fires happened in subsequent even-natdlyears. The South Canyon fire burned in
1994, near Glenwood Springs, Colorado, and kilkkdirefighters, almost half of the firefighters
killed that year. That same year saw the largestuarnof acreage burned for the past half-
century and marked the first time that fire supgi@s costs exceeded $1 billion. From 2000 to
2011, the total number of acres burned exceedezhseilion for seven out of the past eleven
years and had not exceeded seven million acreekatdO60 and 1999 except for once, in 1963
(NIFC 2012). Large wildfires occurred in ColoraaoZ000, 2002 and in a record-setting season
for 2012. Funding for addressing catastrophic \aitdl fires has increased in response. In 1991,
the US Forest Service spent 13% of its budget dalamd fire suppression and by 2008, spent
nearly half of its budget on fire suppression, legadnany Congressional leaders to quip that the
U.S. Forest Service was becoming the “U.S. Fir@iSer (Pyne 2010, 52-53; USDA FS 2007,

3; Berman 2007; Bontrager 2008).
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Furthermore, as the immediate impacts increaseevarity, so did the costs for
suppression and rehabilitation (Arno and AllisomBell 2002, 23). Recent scholarship suggests
that wildland fire expenditures are not sustainaplé efforts are misdirected (Busenberg 2004;
Steelman and Burke 2007; Schoennagel et al. 2Q@dts associated with wildfire suppression
continue to climb, having often exceeded $1 billitmllars per year during the past decade
(General Accounting Office [GAO] 2004, 1; USDA F8, 3). Predictions suggest this trend is
likely to continue as suppression costs could tagainuch as $12 billion by 2015 (GAO 1999,
41). If one were to consider costs beyond thoseried by government agencies (e.g. insurance
and tax losses, rehabilitation / restoration effocbmpensation for injury/deaths, etc.), the cost
for implementing wildland fire policies increasesuhatically beyond mere reported suppression
cost totals (Lynch 2004). At the end of the Obarmdawkistration’s first term, the USFS finds
itself spending heavily on fire while other concgrwhile no less important, continue to their

budgets depleted and diverted.

4.2.2 Forest Policies

With the myriad threats facing national forestghatend of the 1960s, policy solutions
became more important. One of the first attemptsabve” the conflicts over timber
management was the Timber Supply Act of 1969. bhiislargely the work of the National
Forest Products Association (NFPA), would atterophtiuce the USFS to permit increased
harvesting in order to increase supply and thelelwgr price. The NFPA proposed doing so by
creating a “high yield timber fund” that would aatk all nondedicated receipts from the sale of
logs on national forests. Rapid liquidation of gidbwth stands combined with encouraging
increase logging, not only for lands not previouglgerved for wilderness but also for a period

of a few decades after promulgation. Monies inftimel could be used to justify such increased
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harvests because they would go to reforestatiorr@stdcking, thinning and forest management,
including pest control and wildfire suppressionr(i994, 254-56).

However, environmentalists balked at the propd&/h such priority given to timber
harvesting, the Timber Supply Act ran counter ® Ktultiple Use-Sustained Yield Act of 1960.
Furthermore, by re-designating lands not considéredilderness preservation, the bill
effectively eliminated expanding Wilderness on oaail forests. The push for greater harvests
meant increased use of silvicultural operationsstmotably clearcuts, whose environmental
impacts were manifesting themselves both in forastssurrounding ecosystems. Finally, with
these receipts slated for timber harvesting, fumadsld not be available for the other uses listed
under MUSYA. With united opposition, the Timber $ipAct, as well as other attempts to
increase timber production, failed (Hirt 1994, 256)

Timber extraction was only one area ripe for polieyelopments. Given the lack of
progress via the executive and legislative branai@aronmentalists turned their attention to
the judicial branch, using tools such as the aferioned NEPA and ESA to file lawsuits
opposing clearcuts and defending non-timber regsuna national forests (Hirt 1994, 251-254).
For instance, when the USFS conducted the firstiRea Area Review and Evaluation (RARE
1) (from which over 600,000 acres in Colorado wexeommended for further study) required by
the Wilderness Act, the environmental groups swsfaélg sued to dismiss its results, arguing the
USFS failed to fully comply with NEPA. Meanwhildng USFS was also trying meet the budget
priorities of the Nixon Administration. For Regi@nincluding Colorado, the fiscal change
meant reducing funding for timber sales, road aocsbn and other timber-related
infrastructure work in order to improve environmadrguality and reduce pollution (Godfrey

2012, 289-292, 297).
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With so many problems, the situation could havenbgee for compromise. In 1970, Bill
Towell, head of the American Forestry Associatiorited members from the opposing forest
management interest groups to meet informally antbtfind common ground. Although this
“Areas of Agreement Committee” met for six yeatsauld not resolve the major issues, instead
adopting a position where forests could be managedkeet all needs for all groups, a physical
impossibility that Hirt (1994, 257) called the “aldopian conspiracy.” The committee was not
an anomaly. For Colorado, Region 2 Regional For&a®id Nordwall believed that users and
preservationists could be appeased at the sameltirtitee same year, he wrote:

| firmly believe we can ‘have our cake and eabd,tat least on public lands. We
can, on our National Forests, for example, prodheaevater needed for irrigation,
grass for domestic stock and wildlife, all formsre€reation, and timber for
homes. We can do these things—WITHOUT HAVING THE RIDD COME TO
A POISONED, RUINOUS END. (Godfrey 2012, 288)
The shine of the “old utopian conspiracy” startedade. In Colorado, Region 2 Regional
Forester Nordwall retired in June 1970, after seg\Mor 37 years. Nationally, Towell’s group did
not defuse tensions but it did help lay groundwiorkcongressional action.

With pressure on the national forests, a new efftantted. Towell's “Area of Agreement
Committee” helped create a foundation for legiskathat would help broke a process for
national forest planning that would be acceptabléné major stakeholder groups. Introduced in
1973, the Forest and Rangeland Renewable Resdelar@sing Act (RPA) was a planning
statute designed to provide long-term planningdoest and rangeland resources management.
The RPA required five documents, three from the §8Rd two from the President. The USFS
had to provide an assessment of forest and rargyeémources, a program for national forest

management, updated every five years, that coabpectives and budget estimates for

achieving those objectives and an annual repodilddthow well the USFS met its RPA
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obligations. The President was to submit an anpolaty statement with each five-year RPA
update and, if any discrepancy existed, also submdcument that explained why budget
requests fell short of what was believed to be s&ay to achieve the goals contained in the
policy statement (Hirt 1994, 259). Finally, becatls® RPA was supposed to be implemented in
concert with NEPA, it contained stronger local fand stronger public participation
opportunities during the forest planning procesS Qffice of Technology Assessment [OTA]
1992, 1, 42).

However, the RPA was not enough to defuse thdictm$urrounding the accruing
negative impacts from clearcuts. In response td@tlke report, Church Report avdest
Virginia Division of 1zaak Walton League of Ametidac. v. Butalecision, Congress passed the
National Forest Management Act (NFMA, P.L. 94-5B8)976. This act created a system for
national forest management and planning designeektact clearcutting and increase public
participation while including opportunities for agad. Forests would be managed by a “smoothly
running decision-making system under the direatiba professional and value-free
administrative agency” (Hays 2007, 18). First, strmanagement plans had to be developed for
all National Forest System units by 1985 and remkeewery 10 years. These plans had to be
interdisciplinary in scope. Furthermore, thesenplaad to “maintain viable populations of
native wildlife species and natural vegetation csitg” (Hirt 1994, 244). The act also legalized
clearcutting, subjecting it to restrictions whdrevas consistent with resource protection,
enhancement or regeneration.

Superficially, the NFMA appears to be a compromi8aile it allows for clearcutting, it
restricts its use while simultaneously planningestore and regenerate the forest environment.

The resulting forest plans suggest the compromaesemewhat tilted. Forest plans crafted in
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the 1980s still prioritized wood production ovee ttnvironmental concerns. Plans crafted
between 1982 and 1992 “uniformly adopted unjudilfiaptimistic assumptions to support high
timber harvest targets” (Hirt 1994, 244, 265). Beidgy allotments for timber harvesting under
the new RPA procedures were higher and closergetsathan any other USFS program. Under
Reagan, the totals were higher and closer thanru@aer, and in two years, actually exceeded
RPA targets. Furthermore, the increased targets n@trsustainable; according to the 1984
General Accountability Office, 93 percent of theR$ES timber sales in the Rocky Mountain
Region (Region 2, including Colorado) were belowtdor 1981 and 1982. In other words, the
federal government was increasing the amount ofaypgpent on timber harvesting on national
forests and was losing money with each increase {19b4, 268-269, 279).

What brought the rise in timber harvesting to i Wwas the listing of the Northern
Spotted Owl in 1990. As an endangered specieqwh®as entitled to federal protections.
However, the USFS and BLM “believed they would wircourt” until Judge William Dwyer
decided against them. In 1991, he banned new tisdles in the owls’ habitat, which halted
logging on 60,000 acres and postponed 80% of peaptisiber sales on the west side of the
Cascade Mountains (Vaughn and Cortner 2005, 2Gf)tr@versy ensued. While
environmentalists and ecologists successfully eggaldawsuits through the judicial branch,
logging supporters seethed. They purchased burtipkers that read “I Like Spotted Owls—
They Taste Like Chicken,” “I Like Spotted Owls—LeE&xchange Recipes” and “Kill a Spotted
Owl—Save a Logger,” while sawmills threatened by tlan might hang plastic owls in effigy.

The controversy led to an increase in threats avldnce directed at federal agents who
managed the acres now off-limits. Although the t®uaertainly played a role in the dispute, the

differences between federal and state/local/privajectives for forest management and recent
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developments in natural resource policy are hisadisi and politically ingrained, making the
field agents more convenient and likely targétor instance, President Clinton’s response to
the crisis was to shepherd the Northwest Forest iRlA994, which sought to provide
predictable, sustainable timber outputs after gogted owl crisis. However, timber harvest
levels never met their average annual permissdlgsgjuotients (PSQs) as detailed in the
environmental impact statement (EIS) and by 200®&r harvest levels were less than 25% of
their 1980 levels (Charnley 2006, 5-9; Rapp 20@j, Bederal environmental guidelines
trumped state and local economic needs.

Helping to explain differences between federal statle approaches to forest
management, Koontz (2002) found that different leeé government working in the same state
tended to manage similar forest resources formiffeoutputs. At the state level, emphasis was
placed on economic drivers. State forests providatth higher timber sales” than their federal
counterparts, given their economic-based concerddeaver legislated constraints and as
evidenced by “substantially” higher budgetary aflents for providing timber (Koontz 2002,
188). States tended to have higher profit retueidower per unit costs and higher per unit
returns. States also transferred “substantiallgtgrerevenue sums” to local governments than
the federal government transferred (Koontz 2008).18

At the federal level, greater emphasis was placednyironmental protection and citizen
involvement (see also Farnham et al. 2005). Comogenvironmental protection, Koontz
(2002, 188-189) found that federal forest manatok greater action regarding ecosystem-level

management, rare species identification and protgatcosystem research and monitoring and

% PEER (2012a) prominently displays a quote fronitigal strategist Frank Luntz of “Luntzspeak” fame:
“Programs have friends, but bureaucrats do ndipaas your fire on the bureaucrats.”
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soil and watershed protection and improvement. iédarest managers also spent more
resources on soliciting and encouraging publicippgtion and tended to receive more input
from individuals favoring preservation whereas vndiuals favoring timber production were
more likely to provide input to state agency o#iisiand both preservation and timber groups
reported similar abilities to influence federal atdte officials, respectively (Koontz 2002, 189-
190).

Federal laws and rules (e.g. NFMA, Planning Rul&382, etc.) force federal forest
officials to abide by additional constraints, indiluig mandating considerations for rare species
protection, consideration of citizen input and op$ for providing timber, as compared to their
state-level counterparts (Koontz 2002, 189). Exggnay composition seems to reinforce the
federal-state dichotomy. These laws, rules and mt@sdncrease the likelihood that more non-
forestry professionals will be hired to achieveaatives and their backgrounds, both
professional and personal, will vary (Koontz 20028-159). State forestry agencies lack the
additional legislated constraints and heterogeneaydoyee demographics of their federal
counterparts, resembling more of the federal faagetcy from 1967 than of 2007 (Koontz
2002, 157).

However, given the time since Koontz’s (2002) aditvork, the political landscape
facing federal agencies is different. Given thesfatladministration changes that occurred
during the emergence of severe wildfire seasomsigtr the 21st-century’s first decade in
Colorado, the federal emphasis on environmentdéption and citizen involvement decreased
given the additional incentives for timber prodantunder the Bush Administration (e.g., the
Healthy Forest Initiative of 2002, the Healthy FirRestoration Act of 2003, etc.) while seeing

an increase in protections during the first Obardenistration. For the Bush Administration,
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additional regulations reducing opportunities filizen input, budget constraints and different
incentives in those statutes are partly respongifslaghn and Cortner 2005, 218-223). For the
Obama Administration, the protections are incluohed new national forest planning rule,

designed to replace the rule crafted in 1982 uttdernuspices of the NFMA.

4.2.3 Forest Politics

The “use vs. preservation” dichotoffigharacterized the national political debates
surrounding forest management as the Nixon Adnmatish began in 1969, just as it had for
decades before. The preservationists, bolsteraddogased attention paid to and demand for
outdoor recreation in the post-WWII era, foughtifmreased protections for national forests.
The industry pushed for greater access to the res@s market conditions threatened its
survival. The Nixon Administration found itself the crossfire. President Nixon, aware of the
movement's growing influence but also sensitivaitokey business constituencies, (reluctantly)
signed a number of key environmental bills into,laxluding the National Environmental
Policy Act of 1969 on New Year’s Day in 1970. Hewever, showed little genuine respect for
the movement, privately telling his Assistant fayestic Affairs John Ehrlichman to “just keep
[him] out of trouble on environmental issues” ahdttenvironmentalism was “overrated” and
“crap for clowns” (Drew and Schlesinger 2007, 5)-28though he requested his aide help him
maintain the fagade of concern, President Nixasken devotion to the movement was not well
disguised. For instance, when the President sigrallito strengthen the Clean Water Act of

1967, Senator Ed Muskie (D-ME) was not invitedhe teremony, despite being the original

2 The “use vs. preservation” dichotomy is a grossrsimplification. Pinchot, for instance, enjoyedraknts
preserved in nature, particularly walking underewtalls. Muir became wealthy when he was given yands—
lands in “use”—as part of a dowry. The reason tichatomy survives is that is a very easy-to-undedtmodel.
Models are wrong, but they are useful.
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sponsor of the Act (Drew and Schlesinger 2007, B2¢. facade did little to help the President
with scandals that eventually forced his resigmatiresident Nixon stepped down in August of
1974 but left several bills unsigned, including RieA.

When President Ford assumed office, he was a Riepal®resident facing a Democratic
Congress. He inherited an office disgraced by smafhe of his first dilemmas was whether or
not to sign the RPA. Political considerations faetbinto play. The bill, in part, allowed the
legislative branch to more strongly influence budgeprocedures regarding forest
management. One provision in the RPA is that thE®)®as to establish management objectives
for the national forests, develop correspondinggetsito achieve those objectives and then
report back to Congress, essentially sidesteppiegxecutive branch. Another provision
required the President to submit a policy statemaiht the five-year update and a separate
explanation if a budget request was less than whatneeded to accomplish objectives within
the policy statement—an additional requirementddronto the executive branch by the
legislative branch. However, despite some appaedmttance and contrary to the advice of the
Office of Management and Budget, President Forddeelcto sign the bill regardless just a few
days after President Nixon’s resignation rathen ttiefy the Congress. The only hint of President
Ford’s reservation was a single sentence contambi$ signing statement (Hirt 1994, 258-259;
Ford 1974).

The remaining years in the Ford Administration wewatentious years for national
forests and public lands. Not long after the RPA wassed, thé/est Virginia Division of 1zaak
Walton League of America, Inc. v. Bdezxision threatened to end clearcutting on national
forests. An effort was made to circumvent the 188@anic Act. The USFS had hoped to simply

repeal the Act in order to maximize its discretiBnvironmentalists wanted a bill with stronger

165



protections included. The timber industry wantefbtms on timber harvesting and wood
production and sought to reintroduce a new versidhe Timber Supply Act of 1969. The
USDA and the OMB had irreconcilable differencegrsFord Administration could not
assemble its own bill and was reduced to commermtimgroposed legislation. The resulting
NFMA did repeal the Organic Act of 1897 but repladewith a bill that was far more
prescriptive. During the same year, Congress assqul the Federal Lands Management Policy
Act (FLPMA), which retained public domain lands endrederal ownership. The resulting
backlash ignited a fourth Sagebrush Rebellion (&fte irrigation, forest reserves and grazing
rebellion, which lasted from the mid-1930s throdigé mid-1940s—see Graf 1990) emerged
and demonstrated against what was perceived asvg-handed, environmentalist-favoring
federal overreach (Hirt 262-263; Vaughn and Cog@f)5, 14; Cawley 1993, ix, 1-9; Godfrey
2012, 306).

The late passage of both NFMA and FLPMA left impéatation to the Carter
Administration. The Carter years were no less adidas than the previous administration. For
instance, the Administration tried to complete RAREvhich was assailed by both sides of the
wilderness issue. Furthermore, Congress in 197@tetateep agency budget cuts, including the
USFS. Congress also only required the USFS tthfile out of every four open positions. What
followed was a scramble by the agencies to do mdteless in the face of increasingly
complex land management policies and regulatorigatibns. Foresters and business managers
were less in demand as the new policies require@dgency to hire more “ologists” — a term still
used contemporarily — that includes biologists,rbiahists, ecologists, etc. and related

specialists like landscape architects and sociahsists. The complexity, costs and inefficiencies
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led to a “crisis of confidence” in government, whitelped usher in the Reagan Administration
(Godfrey 2012, 303; Vaughn and Cortner 2005, 15).

The Reagan Administration attempted a full-fledgatback of the environmental
regulations enacted during the prior two decadesvd¥er, instead of targeting legislation, the
Reagan Administration focused more on personnebaddets. To help, President Reagan
selected John Crowell to be assistant secretaph&WUSDA, which included control over the
USFS. Crowell was formerly a general counsel toLitn@isiana-Pacific Timber Company, which
was the largest national forest timber purchasdres appointment was seen as positive from
industry. However, to enact Reagan’s changes redjmavigating several obstacles. First,
Congress was divided and political efforts fromrbsides stalemated. Additional steep budget
cuts severely impacted the USFS, including Regiorh2 country faced a severed economic
recession in 1982. The gridlock, lack of directeord financial crisis eroded morale, reduced the
size of the agency and led to infighting within th8FS. Public trust in the USFS fell to an all-
time low. Given the economic recession, the tindade contact buybacks made by the USFS,
the 80% drop in national forest timber sales tltauored after 1985 and the increasing attention
paid to below-sales timber contracts, the USFSesedf real budget declines and the agency’s
budget became “embroiled in unprecedented contsgtV¢Godfrey 2012, 306-307; Vaughn and
Cortner 2005, 14-15; Hirt 1994, 266-281; Hays 2%, ,MacCleery 2011, 48).

Strengthened environmental protections came welCimton Administration on the
heels of the spotted owl controversy. Presidentt@i appointed Jack Ward Thomas, a wildlife
biologist, to head the USFS. His tenure began aiplush to rebuild confidence in the USFS but
had trouble translating that push into discerngdkievements, partly due to the influences

within the executive and legislative branches. ©lirs pledge to hold a summit after the
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election on the spotted owl habitat, under Thomaskh, led to the Northwest Forest Plan in
1994, an attempted compromise for the logging amvit@mental communities. However,
Pacific Northwest timber harvests were restrictedre-fifth of the remnant old growth areas
and harvested volumes would not exceed 25 perdehé dighest harvests made during the
1980s. An attempt by the Clinton Administratiorcteate a Roadless Rule created considerable
controversy and took over a decade to resolve (R893, 59; Hirt 2004, 291-292).

Simultaneously, as the forests were coming undsatgr protections, they were starting
to burn more often and were becoming more desteiciihe 1994 wildfire season was the first
season to incur more than $1 billion in suppressasts. But the fire season in 2000 were more
massive and destructive. The Clinton Administratieneloped a series of recommendations
called the National Fire Plan, which attemptedetduce wildfire risk with attention paid to the
wildland-urban interface; Congress followed thenphdth a nearly $3 billion infusion to help the
Plan achieve its objectives. Environmentalists sujggl the plan largely to help deflect
criticisms that their protections had led to thedioriginally (Pyne 2010, 52-53; Vaughn and
Cortner 2005, 122, 129).

The fires would continue, highlighting the transitifrom the Clinton Administration to
the Bush Administration. The 2002 fire season sssords broken in four southwestern states,
including Colorado. For example, the Hayman Firgdmeburning in June 2002, scorched almost
138,000 acres and cost over $200 million in damagéssuppression costs, with additional costs
accruing annually at over $22 million. Governor Owef Colorado remarked on national
television that all of Colorado was on fire andtttiee state looked like it had experienced a
nuclear winter. In reality, less than 1% of théestaacreage had burned, but the comment helped

spur a nearly $2 billion loss in tourism revenuee of the state’s largest industries and sources
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of revenue, as confirmed visitors and vacationalied to cancel their reservations (Lynch 2004,
46-47).

With the wildfires creating a sense of urgency,Blash Administration developed the
Healthy Forests Initiative (HFI) in 2002, whicheattpted expedite hazardous fuels reduction
efforts by restricting appeals, analysis and liiga Congress soon followed. Representatives
Greg Walden (R-OR) and Scott Mclnnis (R-CO) introeld the Healthy Forests Restoration Act
of 2003 (HFRA, P.L. 108-148). Complementing thesktent’s HFI, the HFRA was significant
for its efforts, albeit unfunded or in part reliant duplicitous funding transfers, to reduce forest
fuel loads and also for its provision to promofer@st biomass industry through Title 1l, the
HFRA sailed through the House within a month by Mag was passed by the Senate near
year’s end. Fires in California may have helpedeeie the Senate’s work (Vaughn and Cortner
2005, 1-2, 161-162, 171). Other conflicts emergeéeémCongress and the Bush Administration
pushed efforts to roll back the Clinton Adminisiwats roadless rule and to update the national
forest planning process. Both efforts engenderediderable controversy and subsequent
litigation.

While the roadless rule issue was largely resobsethe judicial branch and a new
national forest planning rule was established dytire first Obama Administration (with a
lawsuit filed by industry groups in August 201 2jetwildfire threat persisted. The 2012 fire
season was the most expensive in Colorado hidtooperty losses alone were over $500

million. Six people lost their lives during the LewNorth Fork, High Park and Waldo Canyon
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Fires. Combined with intense partisanship and pration, record Congressional deadi8and
a weak national economy, hopes for quick and lgstolutions faded. The end of the first

Obama Administration left a forest health problendesperate need of a solution.

4.3  Searching for Policy Windows

Having applied the Multiple Streams Theory to tleang 1973-2012, the next step is to
look for policy windows. The search should firsbkofor instances where attention towards a
particular issue increased significantly. Quanti&y, this increase should be a spike in the total
number of articles written about a particular issStiee best way to observe this spike is to count
the number of articles written about the issue @eextended period of time, at least a decade,
and then look for dramatic increases or spikebéntallies.

For this project, forestry-related keywords frora Readers’ Guide to Periodical
Literature (“Guid€e henceforth) were identified (see List of KeywordBart of the identification
process involved looking for words that were ussgktitively in newspapers, magazines and
peer-reviewed journals. Then the analysis looke@d&zh keyword in each year of tGeide
Forestry-related article titles were first tallivetween 1973 and 2012. Articles were then coded
based on their titles’ tone. An article that soupdsitive from the perspective of the pro-FBU
perspective was coded “positive,” titles that arJHq@-oponent would not have been happy to
see were coded as “negative” and titles whereahe was either unclear or showed both
positive and negative connotations were coded takuiNormally, this approach will use two or

more evaluators analyzing the same lists of artitks. However, given the analysis was

30 Just prior to the 2012 election, the 112th Corgyhesl passed 173 bills, the lowest rate of any @msgsince
World War 11, when the total number of bills passtarted to be tracked (Weisman 2012). The 113tig@ss was
on schedule to produce even less than th& Ciihgress at the time of writing.
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performed solely by the author, two passes wereembgdhe author but each pass was separated
by a period of one year. Over 4,000 articles wdeaiified, counted and coded. The amount of
agreement between the first and second talliesswlastantial, exceeding 99.7 percent. Final
counts and coded tallies are shown in Table |Appendix I.

While the table contains the data, gleaning ankespmay be difficult. For ease of

comparison, the figures are better comprehendackdfented graphically (see Figure 4.4).
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Figure 4.4: Forest-Related Articles, Counted and Caed

Source: Author’s compilation from the Readers’ Guid Periodical Literature, 1973-2012.

On the left hand y-axis are the counts of artidssch increase in the bar indicates an article
observed under a keyword in t@aiide On the right-hand y-axis is the percent of agBalvhose
titles displayed a positive tone. The Percent R@sitone is low and conspicuously so as
compared to other efforts (e.g. Baumgartner anéslon nuclear energy, etc.). The reason for

the low percentages is that the articles writtemualborestry in the popular literature contained
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significant numbers of titles that appeared uneelab FBU, neutral or contained both positive
and negative elements when viewed through the wapro-FBU perspective. An article
discussing increased harvest rates in the Amazoriaiest in 1999 (keyword: deforestation)
would not necessarily directly address FBU in timetéd States, although the media coverage
may bring additional attention to domestic foresinagement and wood product consumption
issues. A refinement may be in order.

Given what Pyne (2010, 53) identified as the inseglasignificant impacts from wildfires
in the Western United States beginning in 2000,raag suspect that a substantial amount of
attention focused on fire during the past 15 ye@rge should expect to observe a punctuation
starting in 2000 and see lower totals prior toytear 2000. If wildfire was as significant as Pyne
suggests, a spike or series of spikes should apfttantion increases are significant in that they
could give pro-FBU policy entrepreneurs the issaleescy (or “policy window” or opportunity)
to link their forest energy solutions to the wildficrisis. Refining the data so that one looks at
only theGuides’forest fire and wildfire keywords over the 1973t20vould show what
attention was paid to fire over the past 15 yeHlng. data for this refinement is presented in
Table 1.3 in Appendix | and graphically in Figur&4

Of interest is the increase in attention to firegihning in 2000 and lasting through 2004
and spiking again in 2007 and 2008 as indicatethbéyarger number of articles. The
punctuation’s timing makes sense. The increaseadiarattention starts in 2000, a year with the
first perceived uncontrollable major wildfire ougtak and where the number of acres burned
exceeded 7 million for the first time since 196BeThext major year for wildfires occurred in
2002. Oregon, New Mexico, Arizona and Coloraddall record-breaking losses related to

forest fires. The nation saw wildfires consume haotoughly 7 million acres. The articles
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coded retained a positive tone as the titles stigdextion could improve forest health and

reduce wildfire risk and damages by increasingdoneanagement activity and residue use.

The year 1998 presents a special case: why dikea spattention exist in 1998?
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Source: Author’s compilation from the Readers’ Guid Periodical Literature, 1973-2012.

Three factors were identified based on articleditFirst, wildfires in Florida erupted. The final

tallies showed over 500,000 acres burned, $133omilas spent on fire suppression, over $600

million lost in tourism revenue and the state snstnearly $400 million in losses from over

330 homes and over 30 businesses that were destf\dierd 2006; Federal Emergency

Management Agency 2011). Second, 1998 was the 40aymiversary of the Yellowstone fire.

Third, many articles were written about threatth®Amazon rainforests as the rate of

deforestation increased after the experiencingthomsecutive years of decreasing (Butler

2014). However, while the increased attention tesbloss, particularly to Florida and
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Yellowstone were substantial and would have madetiblic sensitive to wildfire, sustained
media attention (more than two years of consecytags of high media attention) paid to

wildfires did not begin until 2000.

4.3.1 Congressional Attention

To triangulate the data from the media accounts,aam also search for venue shopping.
Venue shopping is when policy entrepreneurs “shiopral” for a hospitable venue or venues in
which to propose attaching their favored solutiom foroblem or problems. For the purposes of
this paper, congressional committees and subcosssitivere the targeted venues. If pro-FBU
proponents are seeking to change policy, then lboeld see an increase in the number of
congressional hearings at the committee and subdbeentevels. Conversely, if FBU
proponents are enjoying a policy monopoly, theniineber of hearings should be small as the
proponents are able to keep competing policy idffasf the government agenda.
Using the ProQuest database of Congressional dodsnszarches compiled tallies of the
number of Congressional committee hearings pengito forests using the “forest*” keyword.
Tallies of the committee and subcommittee hearargsshown below in Table 4.2. For easier
comprehension, Table 4.2 results are displayedguaré 4.6. Examining Figure 4.6, several
“spikes” exist. The first period of heighted Corggi®nal attention occurs during the 1970s
during the clearcut controversies and shift toeased regulations regarding forest planning. A
second spike occurs in the early 1990s, which ma&ese given the combined attention paid to
the Northern Spotted Owl and the subsequent Nogha@rest Plan. Nationally, several
problems emerged at nearly the same time. Pynel tioé¢ a new era in wildfire started with the
1994 wildfire season. In Colorado, the mountairegieetle epidemic began at roughly the same

time. An economic boom in the late 1990s encourageath, with increased development in
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the wildland-urban interface (WUI). A smaller pi&ecurs in 1998, which one might expect
given the three causes mentioned previously. Hokvegieen the attention paid to wildfires in
the media earlier, one would expect attention hoaie high or even increase. Rather, given the
lower totals, one may wonder what percentage a&fel@ongressional hearings from 1998 to
2012 was related to wildfires.

Table 4.2: Annual Congressional Committee and Subocamittee Hearings Tallies on
Forestry, 1973-2012

Year Totals Year Totals
1973 82 1993 102
1974 52 1994 80
1975 77 1995 81
1976 57 1996 53
1977 102 1997 62
1978 72 1998 69
1979 94 1999 74
1980 61 2000 67
1981 69 2001 44
1982 79 2002 53
1983 88 2003 47
1984 76 2004 35
1985 72 2005 29
1986 63 2006 24
1987 84 2007 41
1988 78 2008 30
1989 87 2009 25
1990 88 2010 22
1991 83 2011 31
1992 63 2012 26

Source: ProQuest’s Congressional Publications data(1973-2012).

Filtering the forestry-related hearings for thasenmittees and subcommittees focused
on “wildfire*” provides a clearer idea of Congressal focus. The findings are presented in
Table 4.7. The chart shows that Congressionaltaitene., the number of hearings focused on

wildfires did increase, beginning in the year 2089 wildfire seasons increased in their
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intensity, duration and severity, so too did thenber of hearings. The drop in 2005 is

conspicuous but may be explained that over hath@facres lost (~4.4 million) were in Alaska

(National Interagency Fire Center [NIFC] 2006) anad as visible as if the wildfires had

occurred in a more populated area, like MalibuherColorado Front Range.
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Figure 4.6: Congressional Hearings on Forestry, 1372012

Source: Author’s compilation from ProQuest’s Corggienal Publications Database, 1973-2012.

4.4  Analysis

The question remains: was Congress paying monetiatteto the wildfire issue as the

amount of attention paid to forestry decreased?wneto answer this question is to compare

the percentage of hearings dedicated to wildfiersws all other forestry-related Congressional
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committee and subcommittee hearings (see FigujeW!&at the chart shows is that, yes,
Congress was paying a proportionately greater atafuattention to wildfire than other forestry

issues beginning in the year 2000.

Tally of Congressional Hearings on Forest
Fires, 1998-2012
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Figure 4.7: Congressional Hearings on Forest Fire000-2012

Source: Author’s compilation from ProQuest’s Corggienal Publications Database, 1998-2012.

What this chart suggests is that Congress wasgageater pressure to act on wildfires. This
chapter began with a summary of tensions surrognidirest management. Those tensions still
exist. The amount of attention paid to wildfires;luding their impacts and their costs, suggests
that those impacted, particularly western statél disproportionately larger percentages of
their acres designates as federal forests, wemeociag for help managing the federal forest
wildfire problems in their backyards. Beginningtive year 2000, FBU-proponents would have
seen a policy window open courtesy of the wildbrgbreaks occurring in proximity to

populated areas.
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4.5  Chapter Summary
The history of forest management in the United€eStag punctuated with conflicts
between local resource users and distant resouaoagers. Early timber conflicts pitted

colonists against the British monarchy.

Wildfire-Related vs. All Other Forestry-Related
Congressional Committee Hearings, 1998-2012
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Figure 4.8: Wildfire-Related vs. All Other Forestry-Related Congressional Committee
Hearings, 1998-2012

Later conflicts pitted local timber users agairagianal or regional resource managers.
Beginning with the 21st century, the pressurestetehy a century’s worth of fire suppression

erupted. The political conflicts, compounded by phgsical problems impacting the national
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forests, created conditions ripe for widespreadlagrations and widespread constituent
dissatisfaction with far-reaching consequencesgigghically and temporally.

The chapter began with an account of tensions legtwiestant centralized authorities or
powers and state/local actors. In the early path@f21st century, the wildfire seasons were
particularly disastrous and affected those sta@sdramatically. The number of media
accounts increased during the worst fire seas@aisrttpacted populated areas. Congressional
attention tracked the increased media attentisomgions were sought for the wildfire crisis.
Beginning in 2000, forest energy entrepreneurs dbalve been able to seize the momentum to

begin linking their solutions to the perceived aaél crisis.
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CHAPTER 5:ENERGY POLICY AND FOREST ENERGY

“Woody biomass is a natural for us here in Coloratts a low cost, renewable energy source
that will keep forests healthy at the same time.”

Jeff Forte, Chief Executive Officer of Colorado igs Utilities,

on how the company views forest energy (Coloradim&gp Utilities 2012)

5.1  ABrief History of Energy Use in the United States

Energy in the United States appears to be sloviymang to its roots, at least in part
(Heal 2010). Initially, the nation was heavily ggit on its forests for energy, including firewood
and charcoal. As the nation expanded and deman@snéogy increased, additional sources were
discovered, developed and depleted. Newer techmesldigat offered greater energy per unit
volume, or greater energy density, or offered nummevenience gradually replaced those
technologies that were more labor and time intensdne of the more recent and significant
transitions has been the emergence of non-renewablgy sources, including coal, then
petroleum, followed by natural gas and then nucke@rgy. However, as domestic supplies of
these non-renewables began to shrink and someiofuthintended environmental consequences
accrued, reliance on imported fossil fuels andradteve and renewable technology development
began to increase. The more recent gas price sfagkesChapter 1) suggest that continued
dependence on fossil fuels is, for many reasorsjsiainable.

What is most conspicuous is how the United StatesGolorado are responding. Both
appear to be increasing their dependence on retewabrgy sources, including wood (often
paired with forest management and forest healtic@ms), as recently promulgated legislation
attempts to promote alternative, renewable energjegts, such as forest energy projects among

many other technologies, for electricity generatmeating thermal energy and liquid fuels
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synthesis. Essentially, the nation and the stgteapto be making a turn towards those low-
carbon emission technologies, after some contemptgahnological advances, upon which the
nation was, in part, founded. However, given thessantial contributions from fossil fuels, the
high-carbon emission technologies will continudéopart of the nation’s net energy portfolio

for decades to come.

5.1.1 Energy Use in the United States to 1858

No single energy source has ever or currently lis @momeet the United States’ energy
needs. Even prior to Euro-American settlement,gadous cultures relied on a diversified
energy portfolio. For instance, archaeological erimke suggests that people were present in the
Colorado area well before statehood. Substantiauats of energy had to be exerted (i.e.,
muscle energy) for migrating and for hunting anthgeng. Earlier cultures could take
advantage of waterways as highways for transpogeaple or material. Native Americans also
needed energy for heating and cooking. Wood madxegllent energy source and would most
likely have been predominantly smaller-diameteranat given the lack of suitable tools for
harvesting larger-diameter stems. Charcoal remrzatiescted at Native American sites from
6,000 years ago from along Colorado’s Palmer Divwdee small-diameter material, with very
small, branch-like pieces of ponderosa pine, pingime and Douglas-fir constituting the
preserved fuel residues (Eckhoff and Mackes 2006).

For Euro-American settlers, Dukert (1980: 13) ndteat: “If England was ‘built on an
island of coal,” her upstart colonies...were perchlehg the edge of what must have seemed
like a continental forest.” The perceived endlessd$ts encouraged exploitation and wood
became the nation’s primary energy source (sea&fgl). The largely unchecked harvesting

spurred a profligate approach to forest managemmahforest energy. Colonists built fireplaces
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that were twice the size of those in England. Newgl&d schoolhouses consumed large
guantities of firewood, since they operated duthmgwinter when the fields did not require
tending. The surrounding residents, however, resktiite responsibility of supplying the raw
material for schools and churches. Reverend SaRared, who presided over the Salem Witch
Trials, enraged his parishioners when he repeatssiigted them for not supplying his house

with adequate fuelwood (Burns 2005: 72-73).
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Figure 5.1: U.S. Primary Energy Consumption Estima¢s by Source, 1775-2011

Source: USDE EIA (2012a).
Note: USDE EIA (2012b) shows wood use data fottig dating to 1635.

The growing colonies harvested trees faster tharidiests could regenerate. As a result,
people had to exert more of their muscle enerdyatusport fuelwood over the greater distances.
As a result, the price for fuelwood increased;me mstance, prices increased so much that as
early as 1730, Boston, Massachusetts, ironically fweced to import English coal. The
widespread use of the large, inefficient fireplacestributed to the rapid deforestation; most of a
fireplace’s heat leaves through its chimney. Lamg®unts of wood had to be consumed in order
to warm a room, especially since they were oftéitt tith leaky, log walls. Some attempted to

make fuelwood consumption more efficient. In Phalptiia, Benjamin Franklin (1744: 1-2)
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wrote a pamphlet promoting his “Pennsylvanian Haeg’ (a.k.a. the Franklin Stove) and noted
that over the past century, wood that initially kcbiie harvested near a person’s front door “must
now be fetch’d near 100 miles to some towns, ankiea very considerable article in the
expense of families,” especially given that theswifies needed home heating for at least eight
months of the year. Conversely, some of Frankkoistemporaries building homes further inland
would build fires with the proximal fuelwood thaeve so large that the doors (and even
windows, when available) were opened in the deaaiter just to alleviate the excess heat.
(Burns 2005: 72-74; Dukert 1980: 14).

While the increased transportation distances cafusaood prices to increase, they
also, however, helped spur the transition to noseaieuenergy use. Major urban centers were
port cities. Raw materials, including fuelwood, ltbbe shipped downstream, taking advantage
of currents. However, barges hauling loggers ampglses had to move against the flow i.e.,
transporters had to expend energy to overcomeuttiergs. Initially, the problem was overcome
by using muscle power, usually draft animals towtimg barge using rope. Later, steam engine
technology, by boat and then by rail, drasticadiguced the need for muscle power as the
machines could sustain travel for longer periodsnoé.

Wood, however, was not the only energy technol&gyisiting Figure 5.1, the chart
shows wood as the only fuel source in early U.Stony. The reality is a little more complicated
as U.S. energy development history has been “disgegeographically,” “largely spontaneous”
and “pluralistic” (Dukert 1980, 6). Coal would cemof age in the middle of the nineteenth-
century, it had been an energy source for quiteesiimme before. Coal was discovered in early
18th century Virginia and the first significant comarcial-scale quantities were mined near

present-day Richmond. However, although its usem@rgy was “virtually nil” by the time of
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the American Revolution, it was actively soughtrmanufacturing, particularly cannons and
other munitions and also converted to coal-gasithant (Dukert 1980, 15, 17, 25-26).
Waterpower was principally the domain of northeasstates after Samuel Slater famously
smuggled plans for the United States’ first textild from England, who was reluctant to share
its technology. Liquid fuels also start to emergeiray this time. Natural gas (“gas”) was
available but was difficult to harness and useesihe infrastructure was lacking. It was more
frequently regarded as a hazard associated witlirilihg or even a curiosity. Most of the time,
the gas was either used on-site, if possible, was flared or burned in place. However, the
breakthrough in natural gas occurred in Baltim&taryland, in 1818. Rembrandt Peale used it
to illuminate a museum at night, not coincidentallyse to where the city council met—he soon
after won a municipal contract to provide lightiiog city streets in the area (Dukert 1980, 26).
However, because of its celerity, the dominant apggn to land management for the early
county was slash-and-burn, with energy use in thitged States being primarily, but not
exclusively, limited to muscle power and wood. Thessources were cheap (i.e., “sparing of
man-hours”), accessible, familiar and easy-to-Migescle power came in the form of colonists,
animals and slave labor. Wood was initially plexitdnd proximal through abundant and
seemingly limitless forests. Over time, other reables were used, including wind and water
(e.g., Slater’s mill in 1798). Non-renewables walso used but not nearly to the extent they

would be after the mid-nineteenth century (Duk&&Q, 15).

5.1.2 Energy Use in the United States from 1858 to 1930
Westward expansion increased the speed at whiatr&uwericans consumed their forest
resources. As a result, wood became less avaitlal@déo consumption, less convenient as Euro-

Americans reached the Great Plains and new energges were needed. At the same time, the
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move westward also increased the distance from owreenient waterways (the ocean;
frequent, large rivers, etc.) so new forms of tpamtation were also needed. Steampower, now
no longer merely a curiosity could help with botblgems.

Steamboats emerged during this time period. Trawgrsaterways lined with trees, the
primary fuel source. Railroads were developed aedsteam locomotives also relied on wood
located near the lined tracks. After 1840, howefgggst depletions caused wood prices to
increase, putting coal prices on a more equaltigotsubsequently, around 1850, coal use
became more significant and by 1885, 35 states prextucing it. Other fossil fuels followed:
petroleum was discovered in Colorado in 1860, dinstaes except Hawaii were producing it by
1885. As the production of these substitute fusdsgased, wood consumption for energy in the
United States started to decline by about 187Bpatih wood-burning would remain significant
for several decades. More fuelwood was consumétkeitunited States in 1885 than in 1845. As
the population doubled and the per capita energydosbled, essentially, quadrupling the
nation’s energy demand between 1880 and 1918 ahegpita cordwood consumption declined
from nearly three cords to less than one durings#éime time period. Wood was falling out of
favor (Dukert 1980, 23-24, 35, 46; USDE EIA 2008oamehorn 2002, 43).

As Euro-Americans moved west to what would eveihyuscome Colorado, they began
an energy transformation; Dukert (1980, 32) arghasthe railroads were “pivotal” for what
became the “nation’s switch from wood to coal.” Bwatch was necessary primarily because of
the lack of convenient, cheap wood in the middléhefcountry. Wood available in the Rocky
Mountains would help delay the switch to coal g thange to coal, which can contain up to
four times the amount of heat energy as the sanghwvef premium hardwood firewood, was

inevitable for the Centennial State. Coal becamedttminant source of energy in Colorado by
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about 1890 but wood would continue to play a sujpgrrole as shown in Figure 5.2 (Dukert
1980, 32-33; Scamehorn 2002, 1).

In addition to its physical properties, coal hacahief supporter David Moffat, a
founding member of the First National Bank of Denared became a “pioneer elite” (Wyckoff

1999, 247).
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Figure 5.2: “Timbering of a Slope”

Source: History Colorado, the Colorado Historicalctety (1890)
Note: This William Henry Jackson photograph wagtakometime between 1890 and 1900.
Note the extensive use of wooden support timbers.

His vision for the northwest part of the state Itk to assess the area’s potential for economic

development about a decade after coal surpassedl Bgaleveloping the railroad

186



infrastructure, not only to facilitate agricultuetports and travel between Denver and Salt Lake
City but also to tap the region’s potential siXibil tons of accessible coal, the idea seemed
sound, at least to Moffat. He began financing teeetbpment of the state’s northwest region’s
mineral potential by funding the start of the DemWMorthwestern and Pacific Railroad.

However, the endeavor was more expensive thanigaticl, the project ended as the line
reached Steamboat Springs and Moffat died in 19ddniless (Wyckoff 1999, 247-249).

While Moffat did not fare well, coal, however, dill in the state, particularly in the
1870s, with the large influx of cheap labor fronud®rn and eastern Europe, and again for the
roughly first 20 years of the twentieth centuryt Bie success came at a price. Labor conditions
were oppressive and strikes were commonplace. dler&tlo General Assembly established a
State Board of Arbitration in 1897 to help mitigaisputes and avoid strikes. The main problem
for the Board was that either side could choodgrore it. The failure to find an equitable
means for resolving disputes contributed to thesaa® at Ludlow on April 20, 1914. At that
event, a twelve-year old boy was shot and killed militiaman sent in by the state was killed,
the leader of the Ludlow strikers was shot in thekbafter having a rifle butt smashed over his
head and, perhaps most horrifically, two women eleglen children were killed when they took
cover in shallow pits under a tent that was evdlytsat ablaze and asphyxiated them. By the
end of the event, eighteen strikers, several mmh#n and National Guardsmen and several
others, including at least one unlucky onlookerenkdled. Although the extreme violence of the

event would not be repeated in Colorado, the disbetween employer and employees would

31 Mining towns were frequent subject to boom-andtloysles. Mark Twain once allegedly described agmwis “a
hole in the ground owned by a liar” (Hammond 193F).
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not resolve itself anytime soon and was furthecexaated by the replacement of coal with other
fossil fuels (Scamehorn 2002, 10-19; Andrews 2@0J8,-273).

Other fossil fuels gained prominence during tha &he same year that explorers
discovered gold in Colorado, another discoveryenriylvania would help jumpstart the push
for liquid fossil fuels. Edwin Drake, after neadging broke and enduring the relentless taunts
from onlookers, struck oil in Titusville, Pennsyhia. Drake had been looking for a substitute for
lamp oil as illumination fuels at the time were erpive, dim, smoky, smelly and/or explosive.
The trick was to find a liquid fuel source that wiependable and could more easily be refined
into a kerosene-type replacement at reasonableTdusinext year, in September 1860, crude oil
was discovered just outside Cafon City. Initiatlyyas sold as lamp oil and also used as a
lubricant or sold as medicine. Efforts to explongl @iscover additional oil fields increased; for
the first two decades of the 20th century, Flore@morado, was the seat of the state’s most
productive oil fields. During the same time, Bould@olorado, was a hotbed for drilling
speculation (Dukert 1980, 38-39; Scamehorn 20038)3-

This search for oil was “fueled” in part by the @ntion of the “horseless carriage” or
automobile. In 1900, the U.S. had about 8,000 tarsthat number increased to nearly half a
million ten years later. In Colorado, the stateorded over 13,000 cars in 1913 and that number
increased to just over 300,000 by 1930. As a reanftual gasoline consumption in Colorado
increased from 5.8 million gallons in 1913 to ngd®@0 million gallons in 1930. However, by
the start of the Great Depression, the increasamgumption would falter as supply outpaced
demand, and expansion would not resume until Wid I (Scamehorn 2002: 59, 70, 154).

By the time of the Great Depression, coal haditegtosition as primary energy source

for Colorado, replaced by liquid substitutes. Aligb coal had supplied over 90% of the energy
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demand in Colorado in 1890, that percentage dropp&8% by the end of the 1920s.
Conversely, petroleum and natural gas shared S¥ediiel energy market in 1900 and enjoyed
a combined share of 32% by 1930, almost entirethie@aexpense of coal (Scamehorn 2002, 18).

Meanwhile, electricity and hydropower emerge dutimglate 1890s through the early
part of the decade. A number of international exposs featured electric exhibits; President
Grover Cleveland was present to activate one oflémonstrations. At another exposition in
1901, the electricity demonstrations were powenged hydroelectric plant constructed six years
earlier at Niagra Falls. Hydropower was contribgtinsmall percentate of the nation’s total
energy demand by 1920 (Dukert 1980, 47).

Electricity generation, however, would initially@arience problems. Thomas Edison and
George Westinghouse competed over whether directrduor alternating current would prove
more satisfactory for transporting power over laliggances, respectively. Westinghouse would
win out but not before Edison attempted to derakWighouse by publishing pamphlets on the
dangers of using alternating current. He had aifeaagd in President Harrison. President
Harrison was the first president to install elechghting in the White House to replace its gas
lamps. However, due to Edison’s writings, Presiddautrison was afraid of being electrocuted if
he operated the switches. So he issued an ordesrtbaf his aides would operate turn the lights
on at dusk; meanwhile, the President and the Eady maintained gas lamps in their private
residence (Dukert 1980, 48).

The increase in electric usage would come not fpofitical support, but again from
technological developments that relied on elegower. The electric iron, electric fan and the
electric range were invented in the 1890s. Vaculeaners and washing machines would be

invented the next decade, followed by the toastiecade later. Colorado utilities were
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supplying electricity by the 1880s. Denver switchieeir municipal lights from gas to electricity
in 1885 and most Denver residents were using &damps by the 1890s (Dukert 1890, 49;
Scamehorn 2002, 74-76).

Finally, the interest in liquid fuels during therlya20th century also spurs interest in
liquid synthetic fuels or “synfuels.” The major émést in Colorado was from extracting oil from
shale. Euro-American settlers were familiar wita thaterial. In one anecdote from the Western
Slope, settlers built a schoolhouse using the lpeadailable rocks for the fireplace. They held a
ceremony honoring the completion of the schoolhposeplete with a fire. When they returned
to the schoolhouse in the morning, it was a pilasifes as the celebratory fire had ignited the oil
shale used to build the chimney. In another ingancolbran, a settler used “concrete slabs”
harvested from a neighboring mountain to builddaisin. During the first major snowstorm of
the season, he lit a fire to keep warm only to heehouse begin to off-gas kerosene and
subsequently ignite; the “concrete” was oil shaleerest in oil shale increases when oil prices
do. The years 1916-1917 represent the first inergasiterest followed by episodes in the
1920s, during and just after World War 1l and ie thid-1970s to the early 1980s; in each
instance, the “fledgling oil shale industry” wouddllapse as petroleum supplies increased,

thereby causing prices and thus interest in oilesteacollapse (Scamehorn 2002, 145-147).

5.1.3 Energy Use in the United States from 1930 to 1973

At the start of the Great Depression, energy marketfered as other industries did.
Efforts to help energy industries during the 19@@se not effective. Coal production waxed and
waned and did not experience a turnaround untitimardemand increased. Oil and natural gas
experienced a similar trend in Colorado. For theltMd/ar 1l years, the wartime demand proved

to be a substantial boon to all three fossil feetars (Scamehorn 2002, 90, 114, 129).
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After the war, these fuels experience mixed forsui@oal would suffer severe declines in
the initial post-war environment as consumers sweitcto cleaner-burning oil and natural gas.
Railroads switched from coal to diesel-electriclootives (Scamehorn 2002, 90). Oil and
natural gas would enjoy booms. Soldiers returningifthe war began getting married, buying
cars and homes and started families. Incomes isedeas did leisure time. As Americans
traveled to the woods, not only did they incredsestrain on the forests, but to get there, they
expended energy and thus increased the straineamation’s energy resources.

The push for more energy in the American West aterld War Il led to a push for more
electricity generation. Demand for coal began toegience a resurgence in large-scale,
stationary power plants. Between the years 196518iid, a “rush” for coal allowed mining
companies to secure leases on 433,000 acres oéfdaleds at “bargain rates” where most of the
coal deposits were strippable. Oil consumptiongased dramatically; the U.S. was a net
exporter of oil as late as 1947 but by 1973, wagsoirting about 24% of its petroleum
(Scamehorn 2002, 100, 102, 124).

Natural gas has a slightly more interesting stGonsumption increased in the post-war
years so that by 1970, the United States reliedataral gas for about 30% of its energy
portfolio. Gas, like oil, was more convenient tleal. Efforts to produce more gas intensified.
In one of the more bizarre twists in U.S. energyeti@oment history, the Atomic Energy
Committee created a Division of Peaceful Nuclegpl&sions that would attempt to use nuclear
power for nonmilitary purpos&sOperation Plowshare was a project designed tndét

nuclear devices underground in an attempt to ltkematural gas was locked in sandstone and

32 See also Dan O'neil’s (2007) “The Firecracker Bdgs an account of how the father of the Hydrodgamb,
Edward Teller, sought to create a new Alsakan hanaetonating six nuclear bombs.
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shale formations. Engineers suggested large nuelgdosions could release large amounts of
gas. At least two tests were conducted in Coloradar Rulison and in the Piceance Basin in
Rio Blanco County. The explosions did increaseyggsls but not by enough to justify the
expense. Also, the gas released was contaminatedaaiation. With rising public opposition, a
referendum was passed by Colorado in 1974 endegrtictice of using nuclear devices for
exploration without consent of the electorate (Selaonn 2002, 136-140).

The West continued to rely on hydropower. In onanegle of the Big Dam Era, the
Bureau of Reclamation had to clear 35 square roilésrests to build Hungry Horse Dam in
Montana. One way of doing this was to attach gelaight-foot wide, four ton steel ball by
chains between two tractors (see Figure 5.3). Adrctors moved downslope, the ball would
knock over the trees quickly and with little rigkthe tractor operators. Large hillsides could be
denuded quickly, often with tremendous wood wadtevever, the dam could be completed
quickly, the reservoir filled and with all potertraarine hazards “bowled over.” Five such steel
balls were used (Shaw 1967; “’Bowling’ Down Forefgisa Super Dam” 1950). The need for
cheap electricity trumped the need for managingdioresources while minimizing waste,

including timber and forest energy.

5.2  Multiple Streams and Energy Policy from 1973 to 202

For exploring how forest policy and energy policg atertwined, beginning in the late
1960s with the Nixon Administration makes some sdns energy, too. The environment was at
the forefront of concerns. In addition to scaregarding chemicals and pollutions, the
consequences of energy extraction and pollutionegiimore attention. The Cuyohoga River in
Ohio repeatedly caught fire prior to the 1970shassurface was frequently contaminated by

fossil fuels. The Santa Barbara spill on the Catii@ coast provided television images of
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struggling sea life and mammals covered in oil eatasses washing ashore. A brown smog
cloud, the result of air pollution caused by priityacar exhaust, choked Los Angeles as early as
1946, a cloud which Mayor Brown claimed that samaryould be vanquished within four

years (Aimsworth 1946, 7). The era of environmeataicern arrived.

Figure 5.3: Bureau of Reclamation Clearing Trees floHydropower

Source: Adapted from “’Bowling’ Down Forests foiSaiper Dam,” (1950: 90).

When the unintended consequences of energy produetid consumption are viewed together
with the corresponding problems developing witleftrmanagement, the foundations for forest

energy become more apparent. Following the appren by Kingdon (2011, 231-241), this
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section divines the three streams: problems affgdbrests, policies crafted to manage forests

and the politics enveloping the national forests teir stakeholders.

5.2.1 Energy Problems

Coincidentally, the Energy Crisis of 1973 erupteding the same time as the discussions
on long-term forest planning. The crisis, perhaps of the most significant events in U.S.
history (e.g., Fiege 2012, 358-402) resulted ireseVuel shortages, long queues at gas stations
and high fossil fuel prices. Snipers killed sevératk drivers who were ignoring a strike that
was initiated to call for government aid. The cggafor the flurry was the Yom Kippur War in
1973. As hostilities escalated in the Middle EAsab nations attacked Israel directly but also
sought to isolate Israel by attacking its alliediiectly, in particular the Netherlands and the
United States. OPEC decreased production and ite qiroil quadrupled by early 1974. The
resulting fuel shortage, the first since World Waand subsequent economic crisis prompted a
push for developing domestic fossil fuels suppiegmented by alternative and renewable fuels
(Canadian Broadcasting Centre [CBC] 2007; D.H. B4d93, 105).

Pertaining to renewable resources, the switchdodixcan be seen in the market changes.
Between 1972 and 1980, the number of residentialdvgbove-type heating appliances operating
in the United States increased by 400%. In Vermgingle-family homes using wood as the
primary source for heat increased two-fold betwE@n6 and 1978, and by 1981, a state survey
indicated that wood was used for heat in more haimeas electricity, natural gas, kerosene and
coal, and that wood, as a consumed energy souases&cond only to oil. Fuelwood
consumption in Colorado during the 1970s increaapdtlly. By 1980, Colorado was consuming
approximately one million cords of firewood, ab®6£6 of the harvests were for residential

consumers and 70% of all those wood-burning houdstveere harvesting firewood simply to
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meet their own needs. Roughly 8% of Colorado’s keatgy demand was being met with
firewood. Even warmer climates were switching toengables; by the mid-1980s, nearly 40% of
all wood-heating appliances were in the Southdspér 1984, 273-274; Betters, Wilcox and
Ryan 1984; McLain and Booth 1985, 8).

The problem may have had a slight silver lining@mlorado. Increasing fossil fuel
productivity meant depending on western supplied.974, six western states held nearly half of
the nation’s proven coal reserves, with most of tdual easily accessible for strip mining and
low in sulfur content. Pressure to develop domegsticoleum and natural gas supplies followed
suit. The second energy crisis in the late 1970gesgeas a reminder for the earlier problems as
the Iranian Revolution in 1979 resulted in curtditel exports. However, this crisis was more
severe as the crisis-related problems during ittme are two-fold: 1) the sudden disruption to
energy stocks for a nation accustomed to cheaf fastand 2) the unintended, accruing
environmental consequences from using alternatidereanewable energy technologies. For
instance, wood stoves and tee pee burners are lwoathg particulate emitters targeted by the
Clean Air Act Amendments of 1977’s Visibility Prateon section for Federal Class | lands,
which includes wilderness areas and national pdiks.Surface Mining Control and
Reclamation Act of 1977 established standardsdciaiming public and private lands, reducing
groundwater pollution and levying production tak@gay for such efforts (Scamehorn 2002,
104, 169-170, 177-178; Roper 1984, 285).

With Reagan'’s election, energy prices began tafal stabilize. Through steps taken
during the 1970s to decontrol fossil fuels, prif@scrude oil, for instance, fell by nearly 33%
from nearly $32 per barrel in 1981 to just over $24 barrel in 1985. Natural gas also declined

when a “gas bubble” burst in the late 1970s aftereg had increased by 600% per thousand

195



cubic feet from 1973 to 1980. Natural gas was cetep} yet gradually degregulated from 1978
to 1985. Declining prices and declining consumptesulting from increased efforts at
conservation by industrialized countries meantifdssl prices would remain comparatively
low until the late 1990s (Scamehorn 2002, 178-180).

The late 1990s and early 2000s witnessed a nuaileents that would have dramatic
increases on fossil fuel prices. California in 19@§an to deregulate its electric utility industry.
Enron took advantage of the transition, causingkaats that left millions of people without
power due to rolling blackouts and caused an adifpower shortage that in turn caused utility
prices to skyrocket. Wholesale power prices in@ddsom between a range of $20 and $50 per
megawatt hour to $1,400 per megawatt (essentialltirlg consumers $10 to run an air
conditioner for an evening), subsequently costivegdtate between $40 and $45 billion. The
attacks on September 11, 2001 were detrimentaletodtional economy and travel-base
industries (Weare 2003, 4; Fusaro and Miller 2@®12,

Following the Enron scandal’s blackouts, the countas reminded again how much its
livelihood depended on energy and just how fratiigenation’s energy transmission
infrastructure remained. In the summer of 2003 peratures were very high. As the
temperatures remained high and as the northeddt&crand southeastern Canada continued to
rely on air conditioning to stay cool, the lineghga to sag. As the power lines sagged, the
drooped closer to the ground and closer to theosading tree cover. If utility corridors are
properly cleared and maintained, the resulting $agging should not present problems. Yet in
this instance, the result was a flashover, whezetietity “jumps” over the gap, makes contact
with a tree or trees and ignites them. The resudtforest fire that not only most likely destroys

the forest but also destroys part of the powerstrassion system by destroying wires and
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melting transmission towers. Figure 5.4 shows thaédd States at night prior to the ensuing

blackout.
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Figure 5.4: The Northeastern United States 20 Hourkefore the Blackout

During the afternoon of August 14, 2003, such shitever occurred when power line

corridors belonging to First Energy of Ohio thatllmot been properly cleared or maintained

were just close enough to the trees (likely withinfeet) and ignited them. The damage was

widespread. As Figure 5.5 shows, major cities utlsgastern Canada, in the Rust Belt and even

locations as far away as Long Island were impaagetls million people lost electricity.
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For the remainder of the decade, gasoline pricegdaamntinue to climb minus a steep
drop during the Great Recession in 2008. The @hhoeks drew comparisons to the crises from
30 years prior. The increased demand globally dmurtd to oil shortages lasting between 2005
and 2008 caused a six-fold increase in the priaglp§ubsequently creating a price shock that

was approximately three times the size of the shédm 1974 and 1979.
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Figure 5.5: The Northeastern United States 7 Hourafter the Blackout
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This shock, among other economic factors, helggder the global economic crisis of 2008-

2009 (Mitchell 2011, 233).
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5.2.2 Energy Policies

From the executive branch, one of the first maftores to address national energy policy
in 1973 was President Nixon’s “Project Independénelich was a ten-volume plan to make
the United States energy independent by 1980 amkisntize first of series of presidential
pledges for national energy independence. The sdateen would affect energy production,
conservation and consumption. Production from fdaeis would have to increase, including
nuclear power plants and accelerating off-shorsitggof federal lands for oil exploration. For
conserving, Nixon asked homeowners to set theintbstats to 68-degrees Fahrenheit during
the colder months, while also asking business osvittereduce their energy consumption by
10%. States were to restrict highway speeds to @. lroposals for closing gas stations on
Sundays, banning outdoor lighting and advertisimg) l@tioning gasoline supplies were also
considered (Scammerhon 2002, 167-168; D.H. Daw8195; Grossman 2013, 2).

Congress also attempted to capitalize on the ettoet93rd Congress introduced over
2,000 energy-related bills and resolutions. Amdng fiurry of energy-related policy interest in
the early 1970s, Congress passed the Forest amgglRad Renewable Resource Planning Act
(RPA) of 1974. While discussed previously (see iBaat.2.2), the RPA does consider energy as
the RPA Assessment of 1980 was the first time aasssnent considered a “wood for energy”
category (Doub 1976, 715; US Congress, Office ahielogy Assessment [OTA] 1990, 17,
1992, 40).

At the same time as Congress was looking at renewabources on national forestlands
and rangelands and determining how to best mamage resources and lands, Congress was
also acting to diversify energy production andrafiéng to lower energy costs. Writings such as

M. King Hubbert’s (1956, 1969) work on “peak oilfgalictions for 1970 and others (e:Bhe
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Limits to Growth, The Tragedy of the Commgm®vided ammunition for those who wanted to
see larger and more significant changes. One aflthages was part of the National Energy Act
of 1978. The Public Utility Regulatory Policy A@®RPA) required utilities to purchase power
from co-generators (i.e. steam produced conconhytanth electricity) and small utilities that
produced electricity from renewable sources (“dyilg facilities” or QFs), thereby
encouraging the development of non-utility (renelgblectric power (Joskow 1997, 124;
Adamson 2005, 6). Rates paid by the utility wereta@xceed the cost that would have been
incurred by the utility had it decided to prodube tlectricity itself i.e., the avoided cost.

However, avoided costs were set using formulasdbhat-estimated future costs given
that existing direct market costs were unknown without a standard for comparison, prices for
renewable energy production were determined adtmatigely using forecast models that
proved to be widely inaccurate. For instance, pestamates in the 1980s for a barrel of oil in
2000 were predicted to exceed $100; in 2000, tle for a barrel of oil was below $30 per
barrel. Consequently, retail ratepayers faced ai@gp generation costs for renewables-derived
electricity as compared to what they would havel parmally using conventional fossil fuel
technologies (Lesser and Su 2008, 982). Higheegffior energy via renewables combined with
decreased petroleum prices under the incoming Readyainistration subsequently caused
enthusiasm for renewable energy wanes.

Subsequent developments would relax PURPA requimestaand attempt to provide
additional incentives for alternate, renewable gn@roduction. The Energy Policy Act (EPAct)
of 1992, generally, provided for “greater wholesadenpetition” (Union of Concerned Scientists
[UCS] 2009) and authority granted under this ERAdhe Federal Energy Regulatory

Commission (FERC) could force utilities to openithinsmission lines to competitors (UCS
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2009; Adamson 2005, 6; Anthracite Region IndepenBewer Plant Association [ARRIPA]
2009). Furthermore, the 1992 EPAct introduced tew types of federal incentives for
alternative, renewable electricity production, udihg biomass: the Renewable Energy
Production Incentive (REPI) and the Production Tagdit (PTC). The REPI provided incentive
payments of $0.015 per kWh to publicly-owned eleattilities and rural electric cooperatives
who applied for the credit. The PTC provided $0.p26kWh to private entities, subject to the
federal business income tax, that generate elggtiiom renewable sources and then sell this
electricity to an unrelated party.

However, these credits were not available fongles of biomass. The PTC, for instance,
favored private entities that produced electri@iom wind or closed-loop biomass. Closed loop
biomass that is planted and designated for usejuabfied facility to generate energy
(electricity in the tax code). Although the PTC veaigjinally set to expire in 1999 and renewed
several times thereafter (Jordan-Korte 2011, 8&)until the American Jobs Creation Act was
passed in 2004 was the definition of biomass expandnder this act, open-loop biomass was
now included, which for forests is biomass typigalbtained from mill residues, pre-commercial
thinnings and other hazardous fuels material anfsolid wood waste streams (e.g., pallets,
construction and demolition debris). The creditrefmop biomass received, however, could only
be taken for five years, not 10, and the creddfitwas for only half the value that other
renewables received per kWh.

Future enactments would continue to extend the BitG&eep the equality or parity in
place. The Energy Policy Act of 2005 (EPAct) exteshdo PTC to 2007. The EPAct of 2005 also
extended the duration of the REPI until 2026 bijesct to congressional appropriations, making

the incentive less effective as it renders invesfanning less certain. Furthermore, the
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appropriations were to be split if appropriatiorsr&vinsufficient to cover claims: 60% would go
to wind, solar, etc. while 40% would go to “otheojects,” including open-loop biomass. The
Tax Relief Health Care Act of 2008 extended the R3 @st until the end of the year. The
Troubled Asset Relief Program of 2008 extendectthdit to the end of 2009 and the American
Recovery and Reinvestment Act of 2009 extendedPi@ to the end of 2013, where it was
ended due to congressional inaction. At the er2Daf3, the credit for open-loop biomass was
still half of what other renewable technologigekke wind and closed-loop biomass received.
Renewable liquid fuels also received a boostistarh the late 1990s. Given the
attention paid to increasing fuel prices and thew@ng environmental impacts of continued
fossil fuel combustion, a push was made by botlekezutive and legislative branches to
produce cleaner-burning, alternative, renewabladiduels. The more significant actions
promoting liquid fuels involve the Renewable Fustandard (RFS) and revised Renewable
Fuels Standard (RFS2) promulgated under the Erfeoggy Act of 2005 and the Energy
Independence and Security Act of 2007, respectiVehat these standards promote is
mandating a certain quantity of alternative, rert@de/éuels in the nations fuel mix. The RFS
mandated that eventually required the U.S. to uséillion gallons of biofuels by 2012. The
RFS2 increased these totals to 9 billion gallon2®§8 and 36 billion gallons by 2022, 16
billion had to be cellulosic-derived biofuels amiimore than 15 were corn-starch ethanol
(Schnepf and Yacobucci 2013). Debates continueedtitne of writing between ethanol and

petroleum interests regarding limits and waivetaldshed by the U.S. EPA.

3 Of note, privately owned and investor owned sfdailities could not apply for the PTC. They instaaceived
credits under a business Investment Tax Credit)Ffir&t authorized under EPAct 1992 and extended 2016 via
the Energy Improvement and Extension Act of 20@8ddn-Korte 2011, 85-86).
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5.2.3 Energy Politics
Energy politics under the Nixon Administration wguet as complicated as the forest
politics. The National Security Council (U.S. Depaent of State 2011, 199) believed oil
embargoes were gossibility (emphasis in original) at least as early as 18dtlits realization
combined with an increasingly angry public spurtteglAdministration into action. On
November 25, 1973, invoking images of technologicamph via the Apollo mission, President
Nixon announced the start of “Project Independémnekich was a plan to make the United
States energy independent by 1980 and marks stefiseries of presidential pledges for
independence (Scammerhon 2002, 167-168; Grossniah 20Dukert 2009, 168).
The problem for the Nixon administration was irifianflation. In an effort to combat
inflation, the Nixon Administration began instityteice controls in phases. The price controls
had the effect of keeping oil prices in the U.$fiarally low while prices globally climbed. In
November 1973, the price for a barrel of oil in thé&. was $5.25; at roughly the same time on
the world market a barrel of oil sold for over §&Zossman 2013, 16-17).
With Nixon'’s fall due to the Watergate scandal,9rtent Ford assumed an energy policy
mess. Grossman (2013, 124) provided a “party artettlmat gives an idea of what the new
administration faced:
A friend of mine worked for the Ford administration energy policy. When he
started, he and his group were told that they rtemleome up with a plan to
make the U.S. energy independent in ten yearsr Aftelying the problem a
while, they decided that their first job would loerédefine “independent.” Their
second job would be to redefine “ten years.”

But energy was not Ford’s chief concern; inflatwoas relentless and energy concerns barely

registered in a Gallup poll conducted early dutigyadministration. Partisanship became a

more significant factor by the fall of 1974 andhalugh energy did not rank highly among the
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polled, it did rank highly among government and@zites who were competing for larger
shares of the bureaucratic turf. Between the 92widtlae 93rd Congresses, the number of
agencies that investigated energy-related isswesased from two to 30 (Grossman 2013, 125-
126).

In this environment, President Ford proposed therdgy Independence Act of 1975. The
idea supporting the bill was to change the deadbn@®roject Independence from 1980 to 1985
and to implement decontrol procedures for oil aasl. ¢onstrained by the idea inherited by the
Nixon Administration, the idea of achieving enemglependence over the next decade would
recur during future administrations for the nexethdecades (Grossman 2013, 126).

President Carter’s Administration continued thetptor energy independence but with a
heavy dose of morality. Drawing heavily from hiigeus background, Carter’s speeches were
charged with religious imagery and made frequefiereace to the energy war. Americans were
at first reluctant to follow him as they were begidhe first crisis. But not the second. Despite
passage of the National Energy Act in 1978 and&sfto prevent a repeat of the first energy
crisis, energy-related problems led to a crisisaffidence for Carter (Grossman 2013, 166-
196).

Reagan’s election coincided with the beginningedrly two decades’ worth of low,
stable prices for gasoline. Even with the Iraq giwa of Kuwait and a resulting spike in gas
prices, fluctuations remained relatively mild (geiee charts in Chapter 1). The early 1990s,
however, saw a push for deregulating electrictigsi first promulgated under George H. W.
Bush’s Administration in the EPAct of 1992, by earaging independent power producers to
enter the market. In 1994 the California Publiditits Commission began a rulemaking process

to allow the state to take advantage of EPAct &219provisions. In 1996, California became
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the first state to enact an electric utility dedegjon plan; prior to this step, California utility
producers had not faced competition (CongressiBndbet Office 2001).

With mounting price increases for oil, wild fluettions in natural gas prices and
mounting pressure for developing independence, thetliceorge W. Bush and Barack Obama
Administrations found themselves grappling with hoest to proceed. President Bush
acknowledged the need when he mentioned in his 3¢e of the Union Address that the
country was “addicted to oil.” President Obama’'svAistration has supported alternative,
renewable energy technologies. At a campaign este@blorado State University in 2011, the
President celebrated the fact that electricity poedl by wind and solar had doubled from 2008

to 2012 (Obama 2012; Robertson 2012).

5.3  Searching for Policy Windows

As with Chapter 4, this study applied the Multifieeams Theory to the years 1973-
2012 for the energy policy arena. The next stephigrstudy is to look for policy windows. The
search first looks for instances where attentiovatas energy-related issues increased
significantly and subsequently, the media outpousthincrease; an observer would need to
count the total number of articles written aboutrgy issues. The best way to observe this spike
is to count the number of articles written abowetigsue over an extended period of time, at least
a decade, and then look for dramatic increasepikesin the tallies.

For this project, energy-related keywords fromReaders’ Guide to Periodical
Literature (“Guid€ henceforth) were identified (see List of KeywoyrdBart of the identification
process involved looking for words that were ussgktitively in newspapers, magazines and
peer-reviewed journals. Then the analysis looke@d&zh keyword in each year of tGeide

Forestry-related article titles were first tallivetween 1973 and 2012. Articles were then coded
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based on their titles’ tone. An article that soupdsitive from the perspective of the pro-FBU
perspective was coded “positive,” titles that arJHB-oponent would not have been happy to
see were coded as “negative” and titles whereahe was either unclear or showed both

positive and negative connotations were coded fattutNormally, this approach will use two or
more evaluators analyzing the same lists of artitks. However, given the analysis was
performed solely by the author, two passes weresmbgdhe author but each pass was separated
by a period of one year. Over 8,000 articles wdeaiified, counted and coded. The amount of
agreement between the first and second talliesswlastantial, exceeding 99.7 percent. Final
counts and coded tallies are shown in Table |Zppendix I.

While the table contains the data, gleaning ankespmay be difficult. For ease of
comparison, the figures are better comprehendeck#ented graphically (see Figure 5.5). On the
left hand y-axis are the counts of articles. Eadndase in the bar indicates an article observed
under a keyword in th&uide On the right-hand y-axis is the percent of agg8alvhose titles
displayed a positive tone. The Percent Positiveeisthow and conspicuously so as compared to
other efforts (e.g. Baumgartner and Jones on nueleaxgy, etc.). The reason for the low
percentages is that the articles written aboutggnierthe popular literature contained significant
numbers of titles, even more so than forestry, dippeared unrelated to FBU, neutral or
contained both positive and negative elements wieed through the narrow pro-FBU
perspective. An article discussing increased awilstry business mergers would not necessarily
directly address FBU in the United States, althothhghmedia coverage may bring additional
attention to domestic energy production issuessaiggiest the consolidation and strengthening
of an industry that would compete directly agafosest energy. Table Appendix 1.2 is presented

graphically in Figure 5.6.
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The chart shows interest in energy “spiking” in 18¥0s and again beginning in the
early 2000s. These increases in attention coineittesignificant increase in fossil fuel energy
prices. When prices are decreasing or relativelglet minus a small uptick in the early 1990s

(Irag invaded Kuwait), the amount of attention paaenergy articles remains relatively flat.

Tally of Energy Articles, 1973-2012
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Figure 5.6: Energy-Related Articles, Counted and Caded

Source: Author’s compilation from the Readers’ Guid Periodical Literature, 1973-2012.

Yet this pattern may be coincidence. The most 8@t drawback to using “energy” as
a keyword is because the topic is vast and all-&pessing. Energy-related keywords in the
Guidecan include industry news, such as mergers; pricelsiding deregulation; policy; and
news pertaining to employees and working conditidn®finement may be in order. Given the
amount of attention paid to energy prices (e.gcepecontrols, deregulation, search for renewable,

alternatives to decrease reliance on imports) gusikeyword filter pertaining to “energy prices”
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may be helpful. The data for this refinement isspreéed in Table 1.4 in Appendix | and
graphically in Figure 5.7.

On the left hand y-axis are the articles tallieseioergy price-related articles. On the
right-hand y-axis is the percent of article tit®wing a positive tone from the perspective for

entrepreneurs who would support forest energy.
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Figure 5.7: Energy Price-Related Articles, Countecdnd Coded

Source: Author’s compilation from the Readers’ Guid Periodical Literature, 1973-2012.

What the pattern shows is increased enthusiaseningy prices as they decrease after Reagan
enters office (e.qg., Iran resumes production, deobpolicies gradually reduce prices).
Enthusiasm and article counts remain low untilrthe-1990s as states, especially California,
begin to restructure their electric industry regjolas. FBU-proponents would be encouraged by

articles written in the early part of the 20004k focus on the continued increases in fossil
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fuel prices because those increases encourageviegment of renewable, alternative energy

sources.

5.3.1 Congressional Attention

Increased public interest in energy can lead toem®ed congressional interest in energy.
In Table 5.1, all congressional committee and soivodtee hearings are tallied. The 1973
Energy Crisis initiated an upward trend in comneitsed subcommittee activity.

Table 5.1: Annual Congressional Committee and Subocamittee Hearings Tallies on
Energy, 1973-2012

Year Totals Year Totals
1973 143 1993 189
1974 213 1994 146
1975 312 1995 127
1976 248 1996 105
1977 369 1997 116
1978 275 1998 102
1979 570 1999 168
1980 353 2000 145
1981 375 2001 179
1982 279 2002 132
1983 298 2003 142
1984 249 2004 100
1985 250 2005 148
1986 208 2006 178
1987 266 2007 281
1988 214 2008 200
1989 273 2009 225
1990 236 2010 155
1991 273 2011 251
1992 202 2012 205

Source: ProQuest’s Congressional Publications data(1973-2012).

% To maintain consistency between the forestry amegy chapters, the chart starts with 1973. Howekieryears
1970-1972 all had only about 60 hearings per yadr973, the total number of hearings doubled.
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Congressional interest increases until hittingmKs” in 1979 as interest in the 1979 Energy
Crisis was even more dramatic. Interest resumeséngy starting in the late-1990s as interest
turns to energy prices and developing alternatimegwable energy sources.The data in Table 5.1

is shown graphically below in Figure 5.8.
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Figure 5.8: Congressional Hearings on Energy, 1973312

Source: Author’s compilation from ProQuest’s Corsgienal Publications database, 1973-2012.

As mentioned earlier, and also with forestry, usigergy” as a keyword can involve
many diverse topics. As with forestry, and givea #ttention to prices, this study refined the
above data using the keywords “energy” and “priae*the ProQuest Congressional
Publications database for the years 1998 throudR.2Biven the uptick in interest in the late-

1990s, using the 1998 date makes sense. The eégpaemented graphically in Figure 5.9. The
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trend in congressional attention, not surprisiniglgsely follows (or responds to) the price line
for gasoline during the same time period as repdifitom Chapter 1. As with wildfires, one
guestion is how much attention did Congress pant&rgy price increases as compared to other
energy-related issues? The proportion of congreabmmmittee and subcommittee hearings

focused on energy prices as compared to enerdyrsin Figure 5.10.

Tally of Congressional Hearings on Energy Prices,
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Figure 5.9: Congressional Hearings on Energy Price4998-2012

Source: Author’s compilation from ProQuest’s Corsgienal Publications database, 1973-2012.

Although the results are not as dramatic as walfine trend does suggest increases in

proportion to increase in gasoline prices. Howesrergy prices are not a majority of the cases.

5.4  Analysis

While some years do show Congress paid signifiadantion to prices, the attention was
not nearly as high consistently as with wildfiraghe forest policy arena. Possibly other factors
may have greater significance. Energy contains na#fgrent topics. Also, energy subheadings
contain multiple topics. For instance, “energy pgliwas consistently one of the largest
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categories of articles in ti&uideand contained articles that seemingly were jusiraad-

ranging as energy on the whole.

Price-Related vs. All Other Energy-Related
Congressional Committee Hearings, 1998-2012
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Figure 5.10: Energy Price-Related Hearings as a Pegntage of Congressional Committee
and Subcommittee Hearings, 1998-2012

Source: Author’s compilation from ProQuest's Corsgienal Publications database, 1973-2012.

In other words, while energy prices may not beaagd a proportion as wildfires were for
forestry, it may demonstrate congressional seits#svto, if not fossil fuel prices-at-large,
gasoline prices, especially since such price smkessvolatility would impact their constituents.

The findings may also suggest that while Congregs despond to prices, hearings may be
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geared more toward exploring policy solutions ausing on incentives for technological

solutions to energy security. The next chapter stiirpen the focus on forest energy.

5.5  Chapter Summary

The United States began with heavy reliance ondarbon technologies, including
wind, water and wood. Over time, as wood becameescand as high-carbon technologies were
developed, the nation switched increasingly toifdssls. As fossil fuels began to increase in
price due to resource depletion and scarcity anblegsbegan to show negative environmental
impacts through their use, extraction or througman accident, pressure increased to identify
and develop alternatives.

The push for alternatives increased dramaticallynduthe Energy Crisis of 1973. Efforts
to increase energy efficiency and provide incestifice alternative and renewable fuels were
center-stage in the late 1970s. With the stath@fReagan Administration, the enthusiasm for
renewables waned as energy prices decreased drval gtaitical troubles settled. Not until the
end of the Clinton Administration and more so wihib first years of the George W. Bush
Administration did interest in alternatives resuméth increasing prices, greater awareness of
global political troubles and realizations abounelte change, interest in energy increased
during the second half of the Bush Administratiod @ontinues to do so during the Obama
Administration.

Congressional attention to energy seems to trarkiglions in supply and subsequent
price shocks. However, when the number of congraascommittee and subcommittee
hearings on energy prices was compared to the nuofibearings on energy-at-large, the
number of price-related hearings did not constiuteajority of the hearings. At best, energy

price-related hearings represented one out of eébheeg hearings in 2005. These findings
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suggest, that while energy prices were significapmgressional attention may have been

focused on other areas.
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CHAPTER 6:AGENCY CASE HISTORIES

“The Secretaries support the utilization of woodgrbass by-products from restoration and fuels
treatment projects wherever ecologically and ecorally appropriate and in accordance with
the law.”

— Secretaries of Interior, Energy and Agricultt#SDA et al. 2003)

6.1 Reuvisiting Contemporary Forest and Energy Policy Aenas

In the previous chapters on forestry and energyctuations were identified by filtering
the results to reduce potential static and crossaroination from other possible policy arena
concerns. What the charts showed was increasingustdined attention paid to forestry issues
starting in 2000 and the similar increasing attanpaid to energy issues beginning in about
1998. By filtering for some of the issues impactidgjorado’s forests and energy supplies,
media and congressional attention appear sensitmé@dfires and energy pricing issues. These
increases in attention could be considered policylaws.

Having applied the Multiple Streams Theory to tleang 1973-2012 for forest and energy
policy arenas, the openings, coincidentally, appeat almost the same time. However, suppose
the analysis filtered the previous results so tihey focused exclusively on the intersection of
forestry and energy. In other words, the analysiald/look only at articles pertaining to forest
energy using keywords such as biomass energytfoi@sass energy and wood for energy. The
results might give some indication as to whethanairbiomass energy was increasing in
relevance and/or significance and if forest enenight be a consideration for the public or
government agenda. If the issue appears to hamedaaliency, then an opportunity exists
through the policy windows for entrepreneurs tactttheir preferred solutions to these

concurrent policy problems. Figure 6.1 shows tiselte of applying this filter.
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On the left hand y-axis are the counts of artid@s the right-hand y-axis is the percent
of article titles showing a positive tone for medréicles pertaining to biomass as viewed from a

pro-FBU viewpoint.

Tally of Biomass Energy Articles, 1973-2012
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Figure 6.1: Biomass Energy-Related Articles, Counteand Coded

Source: Author’s compilation from the Reader’s Guid Periodical Literature, 1973-2012.

As one might expect, the interest in biomass enesy substantial in the late 1970s as the
energy crises spurred interest in alternativesssif fuel. As fossil fuel prices began to decline
and stabilize after Reagan was elected, interestugily subsided for the more convenient and
more energy-dense fossil fuels. So long as eneigggpremained stable, interest in biomass
energy appears to remain rather flat or even dsitrgaHowever, this filtering is also
incomplete. Using “biomass energy” as the keywaodudes other forms of biomass, including

corn-starch ethanol, switchgrass, methane, etdewvalso including wood. Another revision may
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be warranted. If instead the study were to loosrdy those articles that involve using wood, and

only wood, for energy, then the results would |tik& Figure 6.2.
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Figure 6.2: Wood Energy-Related Articles, Counted ad Coded

Source: Author’s compilation from the Reader’s Guid Periodical Literature, 1973-2012.

What the figure shows is that interest in forestrgy increased in the late 1970s, much
as it did for the biomass category. In fact, foerstrgy was almost the entire “biomass” concern
per theGuidefor the late 1970s to the mid-1980s. The medera@dt in wood energy declines
substantially until about 2005. Interest in foresergy increases, but since the biomass article
count is noticeably higher than the wood-to-enengicle count, media interest in other biomass
feedstock sources was increasing. Curiously, howéve tone of the forest energy articles
increases at the same time as the biomass aitiatesmains higher for longer. For the biomass

energy figure, the positive tone spikes in 1998tbhan dissipates about a decade later.
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One possible explanation that fits for the initalve of both graphs is that interest in
biofuels, wood and others, increases in the lag94 given rising national affluence; mounting
environmental, political and economic problems froontinued reliance on imported fossil
fuels; and, as Grossman (2013) stated, the neddalhy to “do something.” The increase in
tone is a positive sign for biomass proponentsei®ithen a new technology is gaining attention
or interest in an old technology is being reneveeliimited number of initial articles will be
positive and attempt to generate further intedesinterest is sustained, attention to the
technology grows. As that interest grows, thateased attention attracts criticism from those
who may feel threatened by the potential wood gnesgirpers. Over time, as the conversation
continues and critics garner attention, the peeggbf positive articles declines. In other words,
the tone charts show interest in biomass energgwed interest in forest energy and a national
conversation developed concerning these techn@oBieenergy feedstocks such as corn-starch
ethanol are much easier to criticize given the fes. fuel” issue and the high reliance on fossil
fuel inputs for fertilizers, farm equipment, pegtes and transportation from stalk to shelf.
Forest energy is not as vulnerable to these aitisj particularly the “food vs. fuel” issue, and
might be more appealing i.e., forest energy, whenpared to corn-based biomass energy, might
seem to critics like the lesser of two evils anasthelp explain the more gradual decrease in

positively themed articles.

6.2  Applying Punctuated Equilibrium Theory to Forest Energy Policy

Given that media interest in energy appeared t@ase again starting in the late 1990s
and that the positive tone in forest energy atitlecame overwhelming positive during the
same time period, this study will now attempt tokdor subsequent policy changes resulting

from the renewed media interest during the 199820teframe. This analysis is first looking
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for policy images crafted for specific policy vesud policy image’s success can be gauged by
how well a policy crafted meets or fails to meet folicy-based objectives of those stakeholders
who crafted the image. The next step, venue shgppiitli attempt to explain why those
proponents chose particular political venues tenaptt advancing those policy-based objectives.
Finally, the analysis will identify what policy chges occurred as a result from their efforts and

why the resulting promulgated policies represeatamental or non-incremental change.

6.2.1 Forest Energy Policy Images

The search for policy images is a search for howfpBoponents attempted to define
and characterize forest health and energy issugegview them. Given the attention paid to
the wildfire issue combined with the long-ingrairtadtory of federal versus state approaches to
natural resource management, one may suspectrthges from the forestry side should focus
on wildfire and other forest health impacts thatldde traced back to a perceived lack of active
management. Images constructed by forestry-basecksts would attempt to create a sense of
urgency by recounting or suggesting risks to putdifety and to ecosystem health. From the
energy side, initially, images should focus on gsiand the environmental consequences from
continued use of cheap yet non-renewable fosds flRroponents may also attack what they see
as the disproportionate and unfair subsidies bal@etween fossil fuels and renewable fuels and
how consumers ultimately pay the price. The waydiers’ minds is through their wallets.

This search will focus primarily on Colorado meddy. conducting a search through the
archives ofThe Denver Postom 1998 through 2013 searching for “(forest* OBad*) AND
biomass AND (energy OR fuel*)” as a keyword termlyaarticles focusing on forest energy

should appear. Any hits in the first few years sti@llow the study to “see” how the forest
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energy was characterized prior to seeing how sanhern translated into action in
Congressional committee venues. Over 120 “hitsiiatten articles were returned.

One of the first mentions in the Denver Post camog forest energy was a column
written by Bill Schroer (1999) with the Western Riels Consortium. The column asks readers
to ponder “How long will cheap gas last?” and aggfge using collaboration to join public and
private entities to produce alternative fuels idahg ethanol made from forest wood waste,
quickly noting that “Forests are healthier if thisod is thinned out.” A year later, Tom Wolf
(2000), author and frequent contributoHigh Country Newsechoed a similar sentiment albeit
more from the forestry than the energy side. Wolites that one possibility for using the trees
“choking many of our forests” is to burn them faef. The op-ed suggests that the wildfires of
2000 may suggest to public and private entities‘ttareful thinning” may help “overgrown
forests” return to “ecological health while makitiggem less prone to conflagration.” Public
pressure appeared to help spur federal action. itmater, The Denver PogiGreene 2000)
reported that the Department of Energy was creaifidational Bioenergy Center” at the
National Renewable Energy Laboratory in GoldenoGado.

At the same timelhe Denver Pog{Stein 2000) launched a series covering the 2000
wildfire season in Colorado “perhaps the worsthia YWest in at least 50 years” where “[n]early 7
million acres have burned and firefighting costs expected to reach $1 billion.” Just as quickly
as the attention to forest health increased, sthaidriticism. Proponents with the Colorado
Timber Industry Association suggested that industmyld help convert small-diameter trees
thinned by the U.S. Forest Service into produatsiuiding “biomass fuels” provided they are
guaranteed a steady supply. In the same artichserwation groups such as the National Forest

Protection Alliance, the Native Forest Network din Land and Water Fund of the Rockies
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were critical of commercial logging and thinning Golorado’s national forests. The National
Forest Protection Alliance advocated a completedmlogging on the national forests. The
Native Forest Network suggested the call to log ara%verreaction” to the wildfire season.
The Land and Water Fund of the Rockies suggestggirig was a possibility so long as the
cuttings were supported by the ecological scienickeng that they did not want to “go back to a
situation where logging drives the management effdhests.” Interest in forest energy,
including impacts to energy and national forest aggament spurred interest on the

governmental agenda.

6.2.2 Venue Shopping

The first step to analyzing venue shopping is tanexe which Congressional
committees were most often focused on forest enémythe purposes of this dissertation,
searching for the relevant Congressional commitesgings involve search the the ProQuest
Congressional Publications database using thewoitpkeywords: “forest* or wood*”,
“biomass” and “energy or fuel*” in all but the fukxt search. Specifically, this analysis looked
for the number of Congressional hearings, the cdtees and subcommittees holding the
hearings and the types/affiliations of withessdkeddo present testimony (see Tables 6.1, 6.2,
6.3 and 6.4). In Table 6.1, the choice for fore&rgy proponents between chambers is relatively
evenly split with 20 hearings held in the U.S. Hoo$ Representatives and 16 held in the U.S.
Senate. However, forest energy proponents appéatee preferred targets in each chamber.
For the House, forest energy proponents, more dffim not, sought hearings with the
Agriculture and Resources committees and theistoyeelated and energy-related
subcommittees. In the Senate, the preferred veaseowerwhelmingly the Committee on

Agriculture, Nutrition, and Forestry, with 14 of béarings held by the entity. In addition, one
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hearing in the Committee’s Subcommittee on Reseétatrition, and General Legislation was
also held on forest energy.

Chronologically, the results from Table 6.1 arepthged graphically in Figure 6.3.
Initially, attention seems somewhat sparse.

Table 6.1: Forest Energy Congressional Committee anSubcommittee Hearings, 1998-2013

ENTITY TOTALS

U.S. House of Representatives

20
Committee on Agriculture 3
Subcommittee on Conservation, Credit, Energy,R@skarch / 4
Subcommittee on Conservation, Energy, and Fagrestr

Subcommittee on Department Operations, Oversigguty, 1
Nutrition, and Forestry

Committee on Appropriations

Subcommittee on the Department of Interior ankhied Agencies 2

Committee on Resources 3

Subcommittee on Energy and Mineral Resources 1

Subcommittee on Forests and Forest Health 3

Committee on Science / Committee on Science aokn@ogy

Subcommittee on Energy and the Environment 2

Committee on Transportation and Infrastructure

Subcommittee on Water Resources and Environment 1

U.S. Senate 16

Committee on Agriculture, Nutrition, and Forestry 14

Subcommittee on Research, Nutrition, and Genagilslation 1

Committee on Energy and Natural Resources 1

TOTAL NUMBER OF HEARINGS 36

Source: Adapted from ProQuest’s Congressional Rakibbns Database

The hearings in 1999 focused on creating substiqued fuels to replace the nation’s soaring
petroleum consumption in response to wildly flutitugyet increasing prices while also
attempting to reduce environmental degradation istiexgp from persistent fossil fuel

consumption. Hearings in 2000 were largely in respao phasing methyl-tertiary-butyl-ether
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(MTBE) out of gasoline due to increasing evidentarontended health consequences when
leaks of the substance entered several municipatidg water tables. MTBE is a chemical
additive designed to increase gasoline’s oxygeterurin order to reduce pollution while also
improving the fuel’'s anti-knocking capabilitieslaad was removed from gasoline (U.S. EPA
2013). Hearings in the years 2001 and 2003 invodvgteater emphasis on national energy
policy, including implications from including mot®ofuels in the nation’s fuel consumption mix
as well as implications from removing feedstockrirpublic forestlands and developing greater

forest energy research capabilities and advanangpo sequestration efforts.
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Figure 6.3: Forest Biomass Energy-Related Congressial Committee Hearings, 1998-2013

Source: ProQuest Congressional Publications databas

Hearings from 2004 through 2007 focus almost egtoa creating liquid fuels from forest

biomass. Not until near the end of 2009 does thelithermal” appear in a congressional
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hearing title, although the concern for “other pro@” from forest biomass emerged as early as
the 1999 hearings.

Concerning participation rates, nearly 300 petgdéified in congressional committee
and/or subcommittee hearing related to forest gnieogn 1998 to 2013. The largest number of
private citizen participants occurred in 2001, wkies hearing focused on national energy policy
and was perhaps the less specialized of all thgressional hearings identified.

Table 6.2: Agency Participation in Congressional Harings, 1998-2013

YEAR FEDERAL STATE LOCAL OTHER TOTAL
1998 - - - - -
1999 4 3 7
2000 5 3 2 10
2001 1 1 2 4
2002 - - - - -
2003 2 1 3
2004 4 2 6 12
2005 1 1 2
2006 9 2 11
2007 4 1 11 16
2008 2 1 5 8
2009 4 1 2 7
2010 - - - - -
2011 5 1 1 7
2012 1 1
2013 - - - - -

TOTAL 42 11 1 34 88

Source: Adapted from ProQuest’s Congressional Raklilbns Database

The hearings that engendered the greatest amopuobbt€ agency/entity were hearings in the
middle of the decade. These hearings focused oBrbagy Policy Act of 2005, the Energy
Independence and Security Act of 2007 and the Zad8h Bill. While most of these hearings
were dominated by primarily agricultural interesisyeral hearings featured forest energy-

related speakers or, in some cases, forest enelatgd witness panels. Towards the end of the
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observed period the number of hearings seemsldiztsat three, although some hearings were
only tangentially related to forest energy/hedtitotigh submitted documents and other hearings
probably should be discounted. For instance, oaergin 2011 on U.S. EPA mining policies
should probably not have been examined.

Table 6.3: Interest Group Participation in Congres#onal Hearings, 1998-2013

YEAR PRO-FBU CON-FBU NEUTRAL / UNKNOWN / TOTAL
SPLIT

1998 - - - -
1999 3 1 1 5
2000 1 1 9 11
2001 2 2 7 11
2002 - - - -
2003 2 2 10
2004 6 6
2005 1 5 6
2006 12 23 35
2007 12 29 41
2008 6 9 15
2009 6 10 16
2010 - - - -
2011 1 1
2012 5 5
2013 - - - -

TOTAL 57 6 103 152

Source: Adapted from ProQuest’s Congressional Rakibbns Database

6.2.3 Evaluating Forest Energy Policy Change

Revisiting Chapter 3, this study is looking for wag explain policy change. Using the
tables above combined with policy images identifseglviously, this study can now suggest
reasons why the likelihood for significant polidyange increased. First, concerning external
interests, the number of people interested in faeergy increased, suggesting greater

participation was encouraged among actors that prengously not engaged. The larger
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numbers in the “Other” are primarily researcheosrfipublic universities, suggesting that forest
energy proponents were able to identify and preseaject matter experts to further their cause.
Proponents were successfully able to suggest arelagetools for the national legislature to
consider and potentially adopt, including tax cigdbroduction quotas and funding mechanisms
(e.g., grants, loans).

Table 6.4: Citizen Participation in Congressional tarings, 1998-2013

YEAR PRO-FBU CON-FBU NEUTRAL / UNKNOWN / TOTAL
SPLIT

1998

1999

2000

2001

o NN
NS

2002

2003

2004 2

2005

2006

2007 2

2008 2

2009 1

2010 - - -

2011

2012

Voo [krININv|o|o|v(o) s 1Ko w)

2013 - - -

N
(o)

TOTAL 15 0 13

Source: Adapted from ProQuest’s Congressional Rakibbns Database

For policy venues, note that the number of heariagforest energy were greatest not in
committees and subcommittees with an energy-refamgs, although some attention was paid
in the energy subcommittee of the House Agricultboenmittee, but rather proponents focused
their efforts on the agricultural and forestry-tethcommittees and related-subcommittees.
Proponents were also able to take advantage oifpieilopen venues. For instance, they were

able to secure congressional committee field hgarim one instance, a Senate Agriculture,
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Nutrition, and Forestry Committee hearing was helRapid City, South Dakota, to discuss the
potential for forest biomass to be converted irgaitl fuels to help meet the requirements of the
Renewable Fuels Standard. Proponents were alsdoabée federalism to their advantage; when
repeated attempts to pass a federal RPS failedGeasick 2007), they were able to begin
passing them through state legislatures and lanamments. Finally, while the USFS for
instance has remained manager over National FSys$ém lands, the increased attention to
hazardous fuels reduction through legislation lgrgecorporates the wildfire policy image.

Concerning tone and scope, forest energy propomants able to create positively toned
media attention focused on wood-to-energy. Theyhedo. At the same time they were
promoting forest energy, others were increasing theus on the fossil fuel price increases and
the environmental impacts from increased domesgoeation (fracking). As these impacts and
consequences persisted and the use of frackingndggdaenergy issues became much more
nationalized. In sum, the chances for significasliiqy change are substantial.

From 2000 to 2009, non-incremental policy changddaest energy was almost an
annual occurrence. In 2000, the Biomass Reseatbavelopment Act combined with the
National Fire Plan provided opportunities for iresang biomass use through grants, technical
expertise and hazardous fuels reduction efforte. 2002 Farm Bill featured a funded Energy
Title for the first time in addition to other biosgmenergy-related provisions. The Healthy Forest
Restoration Act of 2003 provided millions of do#lan grants for forest energy projects through
its biomass title. The American Jobs Creation AQ@D4 expanded the federal Production Tax
Credit (PTC) to include open-loop biomass. The Byné&olicy Act of 2005 created the
Renewable Fuels Standard (RFS, first edition) wimnchuded a mandated quota for cellulosic

ethanol. Although incremental, the Tax Relief arehlth Care Act of 2006 extended the PTC to

227



the end of 2008. The Energy Independence and $géuati of 2007 drastically changed the RFS
(RFS, second edition or RFS2). These policies vesslbstantial changes to agency scope,

resources/funding transfers and new programs anthajor or non-incremental policy change.

6.3 Case Studies

The application of the PET to the legislative blarginstructive. Biomass energy
proponents targeted their efforts at primarily egtural and commodities-linked congressional
committees. Their efforts over the past decade kagely paid off. Forest energy proponents
have targeted forestry-related congressional hgaridowever, they have not had the same
degree of success. Incentives have been authdaeéarest energy projects. In some cases,
those authorizations never received appropriatibngther cases, the authorization did received
appropriations but their expenditures were curdadeefforts to support forest energy projects
were less than their renewable energy counterparts.

Forest energy proponents would also attempt tceaehtheir objectives by engaging
executive-branch agencies. The initial push foreased FBU was made by the executive branch
under President Clinton hrough Executive Order 231999). Similarly themed efforts were
continued under President George W. Bush with thaltHy Forests Initiative. The initiatives
launched by these two presidents directed theicigre branch agencies to engage in biomass
and forest energy-related projects. The followirgy@ase studies to examine how these efforts
translated into on-the-ground results in Coloraslglaaned by interviews with federal, state and
regional/local personnel and entrepreneurs workir@olorado. Selected agencies include the
U.S. Forest Service, the Bureau of Land ManagentleatNational Park Service and the U.S.

Fish and Wildlife Service.
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6.3.1 Colorado Forest Energy and the United States Fd8estvice

Of all four selected agencies, the U.S. Foresti&emay have the best developed and
certainly the most productive forest biomass progréhe history of that program dates to
approximately the same time as the nation staag@ay greater attention to the forest
health/wildfire issue. Several U.S. Forest Seryig8FS) employees believed that, nationally,
efforts to promote wood-to-energy applications lvegéh the horrendous wildfire season of
2000. During that year, an escaped prescribedrfiew Mexico destroyed over 230 homes and
threatened the U.S. Department of Energy’s nuaieapons lab. Other states also sustained
losses; by the end of the season, wildfires chammeck than 7 million acres, destroyed 850
structures and cost over $1 billion to suppressadfit Institute for Conservation 2002, 6).

The result was the promulgation of the Nationa¢ Rtan (NFP) under the Clinton
Administration. In particular, some employees degtention to the hazardous fuels reduction
and biomass utilization component contained inNR®. The NFP, subsequently combined with
Healthy Forests Initiative, the Healthy ForeststBedion Act and a joint memorandum signed
by the Secretaries of Agriculture, Energy and Iotan 2003, provided the direction for the
USFS. The USFS was to actively manage nationastesghile providing technical expertise
and, in some cases, funding related to forest gridostpmass projects.

The USFS has produced guidance for forest biomsessTine agency produced a Woody
Biomass Utilization Strategy in 2008 and a partmgtrategic Energy Framework document in
2011, both aimed at developing the agency’s faestgy resources sustainably. Efforts to
develop these resources in Colorado on USFS laasisdmained fairly consistent, exceeding
190,000 green tons for the past two years and 08@feen tons the year before. Funding from

the USFS and the USDA has helped developed praedpotential projects that have or may
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serve as market outlets for some removed maté&iaalinstance, Colorado benefited from two
long-term stewardship contracts (LTSCs). The fisttract supports feedstock procurement for
an 11.5MW combined heat and power plant in Gyp<totgrado, which is expected to need
about 70,000 bone-dry tons each year. A second Wi8Gupport a gasification power plant in
Pagosa Springs, Colorado, capable of generating &MWe state will also benefit jointly from a
$10 million research grant from the USDA that wsilipport the Bioenergy Alliance Network of
the Rockies (BANR) with Wyoming, Montana and Idaho.

Yet, the USFS in Colorado, as with the agency diesey is subject to budgetary
disruptions during long-term projects because eftthdget cycle. Not a single year as passed in
the past decade where the agency has not beenthedéreat or at the mercy of a continuing
resolution (CR). A CR means that an agency sholaldl o spend either the amount proposed for
the upcoming fiscal year or the amount that wascatied to it during the past year, whichever
amount is lower. Such uncertainty may disrupt foeeergy project planning and
implementation and, most importantly, discouragegpe investment.

However, the agency has additional resources ibdag to bear. The USFS is part of the
Woody Biomass Utilization Group, an inter-departtaégroup with members from USDI,
USDE, BLM and BIA. The USFS also has a Woody Biosndslization Team that is an intra-
agency group with members from the National Faggstem, Cooperative Forestry and
Research. Both groups meet to share informatiorpasdde updates on various programs.
Furthermore, the USDA Wood to Energy Initiative veasablished in fall of 2010 and has been
the main driver of the most recent activities analight USDA Rural Development’s three

agencies into the effort along with FSA.
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The USFS also has a national biomass coordinatbreapnonal biomass coordinators for
each of the agency’s nine regions. Most recertly/régional biomass coordinators will help
with solicitations for the Wood to Energy grant (Bj2and the Statewide Wood Energy Team
(SWET) grant. The W2E grant will fund engineerimg\vices for forest energy projects
necessary for final design and cost analysis. MW&E grant provides funding to states for
advancing the installation of commercially viableos-to-energy systems. The SWET grant is
modeled after the USFS “Fuels for Schools” prograrilot program that began with the
National Fire Plan. The idea behind the SWET gveat to help engage local-level decision-
makers while providing technical and financial sop@nd assistance. Finally, the coordinators
are assisting the USDA and the Wood-2-Energy datahasted at the University of Tennessee.
This database provides a listing and maps woodwwey plants and forest biomass producers

for each state.

6.3.2 Colorado Forest Energy and the Bureau of Land Mamagnt

Like the USFS, the BLM was motivated by a concemplublic safety. Initial efforts
began in the early part of the 21st century. Howeahe Colorado BLM’s Public Domain (PD)
forestry program is comparatively smaller, withyofive employees to manage over 4 million
forested acres, with most of that in the pifion{peniforest type. The Colorado BLM, like the
rest of the agency, supports the use of forest &ssnas part of its New Energy Frontier. In some
cases, agency support may mean project promotarinktance, the BLM is engaged with Utah
State University Extension on market developmendt@utreach. The BLM is also part of the
aforementioned Woody Biomass Utilization Group.

The BLM did produce a biomass utilization strateg2005 and revised and updated the

strategy in 2009 while also providing additionadtiuctions via Instruction Memorandum for
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including woody biomass use in BLM contracts. Feststed in the strategy for encouraging
the use of forest biomass for energy include redyuthe risk for major fires and also reducing
dependence on foreign oil. For BLM Colorado, biosnjasoductivity is approximately between
8,000 and 10,000 bone-dry tons per year.

The Colorado BLM is not without its difficulties all. In one instance, the funding for
BLM Public Domain funding has recently been redota Fiscal Years 2010 and 2011, funding
for the agency’s forest management program wasi#ilion dollars. In 2012, this funding level
was reduced to $9.7 million. For Fiscal Year 2ah8, President’s initial budget actually
eliminated funding for the program. The Office oAiMagement and Budget restored about 65%
of the original budget. Yet the level, $6.3 millior closer to $6 million after sequestration cuts)
put the agency under some strain when trying talgonstewardship contracts, generate
biomass, etc. In some cases, the agency lost esgartd scientific knowledge regarding
planning programs. Funding was restored in Fiseal 2014, but in some cases the full effect of
the budget cuts has yet to be realized. In sontesstBLM could not hire foresters to replace
foresters lost to the cuts. In some instances, vaehenester is lost, the next closest foresteraoul
be as much as four hours away. BLM Colorado was tbiransfer funds from some accounts,
so the actual cuts to PD Forestry were reduceerctos20%, which is still significant.

In another instance, the agency was adversely iragdoy a 2009 $40 million infusion
from the USDA to battle the bark beetle in Colora@or the USDI's BLM, this infusion meant
some of the agency’s contracts in Colorado wenbidoRegarding the no-bid contracts, one
BLM employee noted: “Why should loggers bid on atcact when they can get paid to remove
the material? Also, when they get paid to remoeentiaterial, they can turn around and sell it.

They get paid twice for the same material.”
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Finally, the BLM, including BLM Colorado, is at amancial disadvantage compared to
the USFS. The agency does not provide grantshi&dtSFS. While the agency tries to keep
existing industry afloat by supplying forest biomasmd works to increase NEPA clearances to
keep “critical” and “on the ropes” facilities opérey, as one employee said: “Really, we're at

the mercy of the market.”

6.3.3 Colorado Forest Energy and the National Park Sezvic

The National Park Service (NPS) does conduct farestagement activities but its
ability to use wood removed from their lands issidaerably more limited and targeted than the
USFS and the BLM. When asked, NPS employees Bvals mentioned that the agency lacks a
specific biomass strategy or policy, but all quycktided their actions are guided by policies that
target removals in general, based in turn on tle@ags organic act. In part, this limited
approach is self-imposed due to the agency’s mssimtained in its Organic Act of 1916:

“...to conservehe scenery and the natural and historic objeudstlze wild life
therein and t@rovidefor the enjoyment of the same in such manner grslibh
means as will leave them unimpaired for the enjaynoé future generations.”
(NPS 2014emphasis added
The difficultly lies in the seemingly contradictaignguage (Winks 1997): the NPS is to strike a
careful balance between “conserving” and “providisighultaneously. As a result, removing
material of any sort is carefully and strictly réaed, including forest material.

These restrictions on removals are not absolutesd restrictions on removals are not
absolute. Starting in 2003, the NPS in Coloraddesaremoving large volumes of beetle-killed
hazard trees and other forest material out of aonie public safety due to the mountain pine
beetle epidemic. These efforts were costly. Injtidocky Mountain National Park was paying

around $100,000 per year to remove hazard treethéme of the epidemic’s peak in 2008,

the Park was paying roughly $600,000 and was eipgettd pay a total of about $7 million in
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total to address the beetle-killed tree probleroluldied in this total is a 2010 effort to clear
hazard trees from beside heavily traveled scemeslrOne popular 12.5-mile stretch of road
was cleared by an Oregon company at a cost of &80@,000 or $64,000 per mile. Removals
were achieved by service contracts. Companiestbptgiects and winners are asked to take
“ownership” of the material and are subsequentlynad to dispose of the material by piling
and burning or hauling for other uses. Hauled nedteras used for variety of purposes when
possible: wood pellets (Kremmling), timber (Mon&p®r log cabins (Idaho Springs). Proceeds
from the contracts were used to help offset costsrred by the Park for the completed work.

The NPS legally cannot give away material nor ¢gmafit from removals; however, it
can charge a modest administrative fee to helprdtweecosts of overseeing and regulating the
removals. The permit process is the basis for @matlay the NPS has creatively combated the
MPB epidemic. Rocky Mountain National Park instgtia firewood program. This program
allows interested individuals to purchase a pefanif modest administrative fee ($20) and can
remove up to 5 cords. In 2009, 105 firewood permvigse issued. This program has had some
hiccups. Initially, permits were offered on a ficgsime, first-served basis. However, the agency
received complaints from interested parties whonditlearn about the program until after the
permits were exhausted. In subsequent years, thatggogram switched to a lottery system,
but this too ran into problems. For instance, sperenit holders took 20 cords instead of five,
while other permit holders would only take a pigktwck’s worth of firewood. Such disparities
make planning for the appropriate amount of peruhifgcult.

Firewood purchased at Rocky Mountain National Papart of a different program. The
Park enters into an agreement with a concessiofmisaipplying firewood. The current supplier

is based out of Loveland. Firewood is transportethé Park and is distributed in bundles of
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approximately six pieces, wrapped in twine, forf®s bundle. The irony, noted by some NPS
employees and Estes Park residents, is that tikedBas manage the forests on about 5% of its
land, particularly the high hazards along roads@rddors. The Park can produce anywhere
from 1,000 to 6,000 piles of woody residues, wilstepile about 500 to 600 cubic feet in
volume. In essence, the Park, in a Class 1 airstmgabrts firewood from Loveland while being
forced to resort to pile burning material not colésl by the firewood permit holders.

One alternative could be to encourage the developofeon-site forest energy projects
for NPS structures. However, on-site forest en@rgyects seem unlikely in the near future.
First, the NPS removed the wood-fired stoves tkatluo heat employee housing and other
facilities due to public safety concerns (fire hr@a)aSecond, the costs to do so are expensive and
the Park is already struggling with a backlog ofntenance concerns. Finally, any efforts that
may alter the appearance of Park buildings woulduigect to administrative approval as

cosmetic changes would change the visitors’ expeee

6.3.4 Colorado Forest Energy and the United States Fisth @/ildlife Service

The U.S. Fish and Wildlife Service (USFWS) hasldast developed efforts for wood-to-
energy in Colorado and for good reason: they ladess to the resource (see Figure 6.4). With
the focus on refuges, most of their resource isicaned prairie or wetland. The only major
timbered USFWS land in Colorado is the Leadvillgidtal Fish Hatchery, which has 3,000
timbered acres, 2,500 of which are in the Mt. Mas$Vilderness Area (U.S. Congress. House.
Committee on Natural Resources 2009). To developest energy program, refuges would need
to import forest material from areas well beyond teéfuge and is often infeasible economically.

Whenever possible, attempting to complete projectsite so that they are fully contained
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makes more economic sense, which would suggestfargnce for solar, wind and geothermal,
while carefully considering any potential wildlifi@pacts.

To this extent, the USFWS has developed a renevaat#rgy program. To start, the
USFWS did appear to generate a draft strategy foraging and using biomass in the National
Wildlife Refuge System. While several attempts wagle from 2010 through 2013 to locate
either a hard copy or electronic copy of the sggtand while no interviewed USFWS personnel
at the federal, state or refuge-level knew aboaitsthategy, the best hypothesis appeared that a

draft strategy was created in response to the {¢8IDA/USDI/USDE memorandum in 2003.

Figure 6.4: Arapaho National Wildlife Refuge in Notthern Colorado

Source: Adapted from Sangres.com (2014)
Note: Trees are sparse and are primarily ripariaggetation.

Recorded on the USDA-USDI'’s forestandrangelands(86t4) website, the draft

USFWS strategy consisted of five key aspects:
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1. Identify locations within the Refuge System and am&efuge System partners, that
focus on refuges for which biomass utilization haen identified as a significant
management opportunity.

2. Ensuring that Refuge System personnel know andrstathel the "Option for Woody
Biomass Utilization in Procurement Contract” p@gi

3. Pursuant to the National Fire Plan, the Refugee®ysefers appropriate personnel to
the internet-based information system developetheyDOl. This website provides
technical information about biomass utilization ahehtifies DOI programs and
other federal programs involved in biomass utilaat

4. The FWS continues to coordinate biomass utilizagitborts with the Biomass and
Forest Health Program Manager, DOI Office of WitdleFire Coordination and other
agencies and partners, to increase the possibidid knowledge of biomass
utilization.

5. ldentify and rectify management alternatives in Eigement Plans that may
inappropriately impede effective biomass utilizati®hese efforts will assist Refuge
Systems and partners in helping our country meehéeds for alternative energy
sources. FWS is committed to taking care of botidmuand biological communities.

Repeated efforts to verify the existence of andted a hard copy of the strategy, both at the
national and the regional levels were unsuccesSiiernal affairs personnel at both levels were
not aware of the strategy listing on the forestandelands.gov website nor could they locate
any USFWS employee with knowledge of the draft'galiepment.

In addition, several employees mentioned that USHA&Smade larger strides with

renewable energy in other parts of the country.iffstance, over $180 million from the
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American Reinvestment and Recovery Act (Stimulushtio the USFWS, in part for
developing alternative, renewable energy projextetluce the agency’s power consumption
nationally (Gibbons 2009). The Mora National Fisat¢hery in the Northern New Mexico
mountains uses solar panels to offset the energgsi®r producing 10,000 Gila trout each year
(USFWS 2011). The USFWS also removed 185 foreshass piles from the Mid-Columbia
National Wildlife Refuge Complex in Oregon and Wasiton that were used to supplement
natural gas consumed by a local paper mill’s d(iferestandrangelands.gov 2009). Finally, the
USFWS (2014) Division of Habitat and Resource Coret@n provides guidance for licensing
other energy sources, including wind power (andinary guidelines for reducing impacts to
wildlife (USFWS 2012)), solar, geothermal, hydrogmand oil, coal and gas leasing.
Nationally, the USFWS does have renewable enerdyearrgy efficiency in mind; however, in
Colorado, and understandably so, forest energgtiasistrong a part of their renewable energy

portfolio as other renewables or as forest enesgyith the USFS and BLM.

6.4  Colorado Forest Energy and the Role of the State

Federal-level efforts have been significant, betythave been somewhat slow to emerge
over the past decade and more patchwork in nasucerapared to developments at the state and
local levels. Efforts have been made to integréitets intra-agency as well as inter-agency but
comments gleaned from the interviews suggest dwahrfor progress exists. Furthermore, one
of the single largest criticisms that can be deddt both the federal executive as legislative
branches as well as the majority of state inceatisehat these incentives do not target wood’s
primary advantage: producing thermal energy.

This oversight was not lost on policy entrepreneauns, seemingly frustrated with the

slower federal pace, have found ways to make tine dimks between forest health and energy
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insecurity at lower governmental levels via venepping. Their approach makes sense. Given
what Koontz (2002) found earlier regarding theestatd local levels’ greater sensitivity to
economic issues, the impacts, whether they aredeshue from forest fires adversely impacting
tourism and recreation revenue or incurred enviremtad problems stemming from fossil fuel
energy extraction and fracking, would provide ai®&s act. What follows is a brief sample
catalog of actions that state and local actors kalken to incentivize and promote forest energy
projects in Colorado.

One of the first major efforts at the state levakvthe formulation of the state’s
renewable energy standard (RES) or renewable fiorftandard (RPS). Briefly, an RPS
requires a utility to produce a certain percentagés energy sales by using renewable energy
sources. The utilities are thus free to determm& hest to meet the regulation by using
whatever mechanisms they choose. The effort to@as¥S in Colorado began in 2001 but
failed each time for three years. Then, in 2004 ,@eneral Assembly made a pitch to voters
using the citizen referendum process. Amendment&¥the first RPS passed in the nation
using this route.

Initially, Colorado’s RPS required utilities sergimore than 40,000 customers to
produce 10% of its electric retail sales using veatde energy. However, note that with the RPS
not all energy sources are created equal. Fomaostaf the 10% generated by renewables, at
least 4% of that had to come from solar energys Tesignated quotient or “carve-out” is direct
boon to the solar power industry and suggeststiigasolar lobby wields more influence than
wind, biomass and other sources that do not havatatory set-aside. In 2007, the RPS was
increased to 20% by 2020 and increased again i@ 2020% by 2020. One point worth noting

is that biomass is eligible for consideration. Bams is defined as “[n]ontoxic plant matter
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consisting of agricultural crops or their byprodyaeirban wood waste, mill residue, slash, or
brush.” Note that the word “trees” is missing fre¢ime definition.

A second example of Colorado’s commitment to foeesrgy occurred in 2011. Senator
Gail Schwartz introduced and championed a bill theated the Colorado Forest Biomass Use
Workgroup. The group consisted of about a dozen Ibeesnfrom federal and state government,
environmental non-governmental organizations (ENGMeg forest products industry and other
professionals. The group was tasked with develogingport that outlined the barriers to and
opportunities for developing a forest energy indust the state. The report was divided into
three main sections. The first section lookedsias related to accessing the material. The
second section focused on financing barriers apdmpnities. The third section concerned itself
with the policy challenges and opportunities faieki energy. Some of the recommendations in
the report served as the basis for proposed I¢gisland resolutions.

A third example occurred with Senate Bill 269 pasise2013 creating the Colorado
Wildfire Risk Reduction Grant program. Open to conmity groups, local governments,
utilities, state agencies and non-profit groupgliapnts are required to provide 100% matching
for projects designed to reduce wildfire risk ie thildland-urban interface. One component of
these grants is to consider options for using tdvesnass removed during the execution of the
grant. Follow-up visits / consultations with wooskey wood energy professionals in the CSFS

CoWood program are part of the program.

6.5 Selected Colorado Forest Energy Project Examples
One of the earliest forest energy projects curyentdrking is the Boulder County Parks
and Open Space (BCPOS) campus in Longmont, Colpvdtdoh was installed in 2005. An

approximately 4 MMBtu wood-fired boiler from Messarith Manufacturing heats 95,000
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square feet in five buildings on the BCPOS canipiibe project’s feedstock is felled on
Boulder County’s forest land north of Nederland]dZado, by BCPOS personnel or by private
contractor, is then chipped by BCPOS employeedlzanlis transported to the Longmont
campus via county vehicles. The fuel is then loagldter directly into a loading area or can be
dropped onto a designated asphalt landing padtagke boiler plant. The fuel is then
combusted to heat a water-glycol solution thathéntpumped through a district heating network
for each of the BCPOS campus buildings (Glowacki2®uda 2008, 1-4).

The project has enjoyed a number of successeugththe system cost about $350,000
to install, fuel savings average over $16,000 gar ¥$40,000 per year if including the Boulder
County Jail), suggesting a simple payback timeppireximately 21.3 years, depending on fossil
fuel prices (e.g. natural gas) and the systempge&bed to operate for at least 25 years, as of
2008. As of 2013, using the most recent data sugge8CPOS system will pay for itself by
2017 or after 12 years (Glowacki 2013). The BCPgsally thins between 100 and 200 acres
per year of its 30,000 acre forested charge anditiwal fuel demands from the plant approach
65 acres per year, which is well within what theragy manages, an amount that it can easily
process and the amount removed is sustainable (Bo@ 36; Golden 2008; Helena
Independent Record 2009). Policy champions foptiogect such as Scott Golden, Forest Health
& Utilization Specialist for BCPOS, and Therese Wdaki, Resources Division Manager for
BCPOS, manage the project and continue to sergtalgart champions by leading groups on
tours, responding to public inquiries and grantimgdia interviews for the major local network

affiliates. As a result, public engagement ands&adtion with their facility experience is quite

% While heating figures are usually given in terrisquare feet, Duda (2008) correctly notes thafltvet garage
building has a ceiling in excess of 30 feet and tising cubic footage is probably more appropriatduture
research efforts.
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high. Finally, the wood chips used to fuel the sgstre obtained from BCPOS’ forested
holdings so the fuel removed to supply the hegtiagt is improving forest health and reducing
wildfire risk concomitantly while the small quami$ of waste ash is a potential soil enhancer.

The Gilpin County Road and Bridge building operatesmilar but smaller system,
identical to but about one-quarter the size ofBB#OS installation, near Black Hawk,
Colorado. Material is purchased by the County flwoth public and private sources, weighed
and then stored for eventual chipping when neetleel wood chips are stored in a building
located next to the offices and garage. The ldeahtion, Bill Paulman, Facilities Manager for
Gilpin County, is a staunch supporter and leadsstéar public groups and decision-makers.
While the payback period is fairly long, dependomgthe price of natural gas and what the
county pays for the forest feedstock, the projaousd pay for itself well before the boiler’s life
expectancy. The Gilpin County facility was modeddtbr viewing the BCPOS effort.

The Salvation Army’'s High Peak Camp located justts®@f Estes Park, Colorado, uses a
cordwood boiler to meet its heating needs. Afteesal years of operating, the boiler has
produced enough waste to occupy a small, metakElstnd’ at the foot of the boiler. Beetle-killed
lodgepole pine trees are located on-site. Satisfagtith the project so far has led project
champion, Russ Chandler, to consider implementingst energy projects elsewhere on-site as
the Camp plans to dramatically expand over the feaxtyears, including some residential

structures and a large lodge.

6.6 A Note of Caution
However, while these examples have shown yearsrifraied success (i.e., in some
cases, the boilers continue to run without sigaiiicproblems and the project’s savings are

anticipated to cover project costs or even runrplgs), other examples may detract from or
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provide caution for potential proponents. One effilst efforts to develop a forest energy
project started in the Town of Nederland, Coloradederland contracted with engineering
groups that attempted to install a CHP systemtéo€ommunity Center but quickly ran into
problems. Stakeholder groups were communicatiregnmttently, and eventually the
communications became distrustful and even hodile.fuel storage location was open to the
public so wood chips were mixed in with dumped etwadd trash, used diapers and, once,
literally the kitchen sink. The steam produced wasifficient for operating the steam turbine
i.e., no electricity could be produced. The dune kicked a concrete or asphalt pad so dirt
contaminated the feedstock and caused “clinkergietelop, which are glass-like silica deposits
that form inside of a boiler and must be manuaiyoved over time—time where the boiler is
obviously not working to warm a building. A wintstorm collapsed part of the roof of the wood
boiler was supposed to heat. Major stakeholderpggqulled support. Even Mayor Scott
Bruntjen decided not to run for re-election, cogtihe project its primary champion. The net
result is that the Town does not have a biomagegirthat works and is left to its own to try to
recoup a roughly $400,000 loss. While some of tmapgonents were later sent to the Boulder
County Jail to provide heat and hot water, othdre find themselves immersed in an
unsuccessful project may have trouble identifyingaut.”

The Recreation Center in Fairplay, Colorado, istlaounsuccessful project. Designed to
provide heat to the swimming pool room, the setuffesed from major design problems. The
firebox is located adjacent to the swimming poamobut is not actually connected to the
building, meaning that a supplementary source af had to be added to the firebox to keep the
components from freezing. The feedstock consistgoaid pellets that are stored in an adjacent

silo. Pellets are then fed via a vacuum pipe frobenldottom of the silo to the top of the firebox,
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as opposed to taking advantage of a gravity-fetesysintermittent heat combined with a design
which was inappropriate to Fairplay’s climate amdduced by an engineering firm that was just
entering the forest energy firm led to Recreati@mt@&r abandoning the project. The firebox was
used as a storage crate by employees. While theelCexpressed an interest in returning to
forest energy if the economic conditions were righhatural gas pipeline reached Fairplay in
December 2012, further discouraging wood-to-energjects.

Even some of the successful examples listed preljidiave experienced issues. The
Salvation Army Camp initially encountered problewith air emissions from its cordwood
boiler, which in turn created problems with the @ablo Department of Public Health and the
Environment. The problem stemmed from high levélsanbon monoxide in the exhaust when
one of the boiler's components was not properlyaifed. Additional testing will be required to
determine if the project (and cordwood boilers galtyg will meet air emission standards for
Colorado. For the BCPOS project, while noted presiyp for its triumphs, experienced initial
difficulties at start-up. Trees were chipped arel¢hips were scooped off the ground, which
inevitably led to the introduction of debris to theating system. Problems with the lack of
uniformity in wood chip sizes and ice formationaundoor wood chip piles and in the storage
area during winter months provided additional peotd for heat production. Fans had to be
installed in the storage bin as humidity levelsev@o high as the wood chips dried. Eventually
these problems were successfully addressed bul poesent challenges to others without the
necessary resources and/or technical expertise.

Finally, these projects are subject to the samaa@uoa constraints as other energy
projects or even other forest energy projects. @ribe major obstacles to forest energy projects

succeeding is access to a guaranteed, adequatg. ddpally, trees harvested in Colorado would
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be manufactured into products that maximize theityu In other words, trees, whenever
possible, would be converted into solid-sawn préglaad their residues could serve as the
feedstock for forest energy projects. Given thasinwod Colorado’s forest products industry is
geared to construction (Lynch and Mackes 2001gngtting to capitalize on lumber production
wastes would be ideal. However, from 2001 to 2@8prado sustained an 85% drop in the
number of housing building permits (see Figure.@%)e of the major, if not the largest,
problem for Colorado’s forest energy projects et tthey will have to locate other sources for

biomass feedstock, at least until the housing nagtunds.
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Source: U.S. Census Bureau (2012).

6.7 Chapter Summary
Forest energy is an emerging policy arena thatihagotential to increase in relevance
and significance has forest health threats andygnesecurity persist. Policy windows for both

forestry and energy policy arenas, which coincidbpemerged around the late 1990s-early
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2000s concurrently, facilitated growing public irgst in forest health problems and energy
security issues. Responding, both the executivdeamslative branches promulgated policies
designed to increase the amount of forest biomaderral removed from overstocked forests
and promote the use of some of this material fordbenergy projects.

The case histories suggest that alternative engrggtively considered by federal land
management agencies in Colorado, but that thesgsfave limits. Reasons for considering
forest energy were largely derived from the agesi€¢mublic safety” charges. In all of the case
studies, access to the resource was paramountdsirof the USFS, BLM and NPS, resource
access was determined or restricted administrativel the resource existed but prohibitions on
harvesting stemmed from land management plannipglaties. For the USFWS and some NPS
units, implementing forest energy projects wasduste simply because the resource did not
exist on their lands and technical concerns remtigre project impractical (e.g., importing the
necessary feedstock was too expensive, renovédtenfgtieral building to accommodate forest
energy was cost-prohibitive, etc.).

In the interim, many federal employees and sonte staployees mentioned the strides
made at the state level. Many of the forest enprgjects were completed at the county level or
local level with assistance from federal, state/ankbcal resources. In a few instances, public
facilities were receiving feedstock from privatgpliers. Success for these projects can very but
on the whole, efforts started during the past dedae, generally, been successful. Not every

project will enjoy such success.
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CHAPTER 7:DISCUSSION AND CONCLUSION

“If history is any guide, oil will eventually be extaken by less-costly alternatives well before
conventional oil reserves run out. Indeed, oil thspd coal despite still vast untapped reserves
of coal, and coal displaced wood without denudiogforest lands.”

— Alan Greenspan (2005)

7.1  Summary

Forest health and energy insecurity in Coloraddraegtwined. Forest health threats in
Colorado gained prominence in the early part of2b&t century at about the same time as
energy insecurity issues garnered attention thraligimatically increasing fossil fuel prices.
Forestry bills, such as the Healthy Forests Restoréct of 2003 and the promulgated
iterations of the Farm Bill during the past decadetain significant energy provisions. Energy
bills, such as the Energy Policy Act of 2005 arel Emergy Independence and Security Act of
2007 made allowances for forest-based feedstoaksr&io has developed a number of forest
energy projects located across the state capaldeveloping electric, thermal, CHP and liquid
fuels into viable renewable, alternative energyrees. This dissertation argued that policy
entrepreneurs, in both the public and private seatioo saw the possibility of linking forest
health improvements and fossil fuel dependencyateahs to forest energy, made some

significant policy gains at the federal and staieels during the last almost 15 years.

7.2  The Multiple Streams Theory and Policy Windows

The Multiple Streams Theory was applied to bothftiest policy arena and the energy
policy arena in the United States for the pericaihsing 1973 to 2012. For forest policy,
although some preliminary spikes occurred eanghe examined period, sustained, significant

attention was paid to the wildfire issue startinghie year 2000. For energy policy, media
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attention paid to energy prices begins its retarbh@79-levels also in the year 2000. Increases in
media attention paid towards wildfires and to egigngce spikes appear to emerge at

approximately the same time.

7.3  The Punctuated Equilibrium Theory and Forest Energyin Colorado

The Punctuated Equilibrium Theory (PET) was appletederal-level forest energy
policy efforts for the years 1998 through 2013. @ngument is that as policy entrepreneurs saw
the policy windows open in both the forest policgrea and energy policy arena at
approximately the same time. Subsequently, thesdatct join their solutions to the
simultaneously emerging problems.

Liquid fuels proponents tended to be more activagncultural circles, targeting
congressional agricultural circles. This approa@kes sense. Given the amount of energy and
attention engendered by corn-starch ethanol pradufagest liquid energy proponents did well
by “piggy-backing” on the corn-starch ethanol proehs’ efforts. Eventually, as the drawbacks to
corn-starch ethanol became better known, foregidignergy proponents did well as shown in
the set-asides in the Renewable Fuel Standardaasis the Energy Independence and Security
Act of 2007.

The electric power and thermal approaches seemee raliant on the wildfire narrative.
Rather than providing a substitute for higher ptitquid fossil fuels, these technologies are
suitable for replacing stationary electrical andieating plants. As such, while agricultural
committees might make sense, these proponentsragp®eenjoy greater success in the
committees with a stronger natural resources abtiqlands bent (e.g., Senate Energy and
Natural Resources). Their efforts appear to be rmoceessful when targeting elected officials

with connections to large amount of public forestd.

248



For the power and thermal folks, considerable msghas been made also through the
executive branch. Multiple grant programs, busineas funds, etc. were made possible through
efforts by USDA, USDI and USDE. In Colorado, théseds supported and continue to support
increased agency capacity for assisting forestggr@oponents and policy entreprenuers (e.g.,
Gypsum, Pagosa Springs). Even forest liquid ensrggginning to enjoy some benefits as
shown in the Bioenergy Alliance Network of the Resk(BANR) $10 million project,
spearheaded by Colorado State University. Thes#tsesiggest that policy entrepreneurs were

successful in achieving major policy change overgast 15 years.

7.4  Future Directions for Forest Energy in Colorado

Federal efforts are significant. However, theyals® subject to periodic
reauthorizations, government shutdowns and congresdsnaction. Alternative venues have
also proven useful. Colorado state government Isasnaade progress by increasing its capacity
to implement forest energy projects. One way okiog at this policy development is that policy
entrepreneurs, attempting to “solve” the entangieiblems associated with forest health and
energy insecurity, expanded the scope of theirlimbrsb that more people realize they are
directly impacted by both forest health issues rthlems related to domestic energy
production. Subsequently, they pursued sympatktdte legislators to advance their policy
ideas.

However, room exists for additional developmentdy @ small fraction of the ideas
proposed in the Senate Bill 11-267 report have leeacted. Efforts to promulgate more of those
ideas have stalled. Below a list is compiled ofgilale future actions that observers should look
for that could be taken by private and/or publictses policy entrepreneurs to help develop

forest energy solutions as opportunities emerge.
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7.4.1 The Future Role of the Federal Government
The future role of the federal government is sormewiurky. Congress appears
gridlocked while the approval rating for the Presitlis declining. Agencies continue to fund
forest energy projects through grants, loans,Hbevever, room for improvement at the federal
level exists. A “wish list” for forest energy propents might include, but would not necessarily
be limited to the following.
¢ Increase the maximum length of stewardship cordraotn 10 to 20 years
e Reinstate the Production Tax Credit for renewalia&l the playing field among all
renewables (which would also remove the distincietween open-loop and closed-loop
biomass)
e Establish a single definition for biomass at theefal level
e Reinstate the tax credit for wood stoves and waatdrs that expired on December 31,
2013
e Encourage state forest agencies to become thegoudlfor forest energy projects
e Encourage USFS Regions to contribute funds to sscale forest thermal energy
projects in areas where the economics for poweligoatl fuels do not work
e Take greater efforts to promote National ForestiBcts Week in October
¢ Promulgate a national Renewable Thermal Energyd@tan(or at the very least help

develop guidelines for states to develop their own)

7.4.2 The Future Role of Colorado Government
Colorado’s state government has already takernralesteps to help the forest products
industry and the renewable energy sector. Howewem for additional progress exists at this

level as well.
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First, Colorado could pass its own “Renewable Tla@tandard” or RTS. Similar to a
“Renewable Portfolio Standard” or “Renewable Eledly Standard,” an RTS would require so
much thermal energy be created from alternativeewble sources, including forest energy by
heat-supplying utilities. Arizona already has sadtandard and New Hampshire recently
promulgated its own RTS. Passing an RTS in Colovatde difficult. Problems with the RTS
include a lack of support from major constituenciasluding some environmental groups, who
opposed reopening the RPS or doctoring it with &8,Rind some utilities as they will already
meet the current RPS requirements using existisgurees. Furthermore, implementation of an
RTS could be difficult without education and outredo train consumers and utility
professionals how to assess Btus consumed for pespaf meeting the standard.

Another idea would be to provide incentives tddretonsolidate or integrate the state’s
forest products industry. Currently, the statergéa mills are located in Walden, Montrose, Delta
and Saguache, with smaller operations scatteresgstine state. Pellet mills are located in
Walden, though not near the mill, in Kremmling &itver Plumé. In other words, Colorado
lacks venues that provide the full-value produciclat a single location i.e., large logs could go
to a mill and the residues produced while manufaogthigh-value solid wood products could
be used to make wood pellets and other low-valuesaotid wood products. The profits from the
high-value solid wood products could be used teecthe costs of utilizing the lower-value
products, meaning that forest products companiekideelp address Colorado’s forest health
needs while also addressing its heat energy neémdd#t@neously. However, the costs of such

incentives could be quite high.

% At the time of writing, the pellet mill in Silvé?lume was relocating to Parshall, Colorado, to takeantage of
the waste stream created by a recently openechstud his co-location is precisely what the pargh is
discussing.
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A similar concept is to develop incentives for sDict Energy Parks” or “Community
Energy Parks.” Borrowing from the BCPOS examplegtral wood-fired energy plant could be
located in a municipal or industrial park, wherenpaccupied buildings are in proximity.
Insulated piping would run hot water or steam ®lildings. Municipal centers, such as
government complexes, hospitals, prisons and eidnehinstitutions, would be ideal.

Finally, the ideas contained in Colorado SenateZBi¥ are worth revisiting during future
legislative terms. For instance, in the absenaefefieral wood stove tax credit, the state could
consider creating one. Funding could be providesbfuport the Colorado State Forest Service’s
Wood Utilization and Marketing Program’s (CoWoodfpds. Recently, CoWood has helped
create and air a series of public service annouan&sio promote the state’s forest products
industry, helped create a revolutionary iBook @lédws the reader to virtually tour some of the
state’s forest thermal energy facilities (withoe&ving the couch) and continues to host seminars
and workshops on various topics pertaining to wosel in Colorado, such as using wood from

Russian olive or emerald ash borer-killed trees.

7.4.3 The Future Role of Research

Future research efforts must consider the roleéatés in developing, implementing and
evaluating forest energy projects. For instancegise forest energy projects operate in Colorado
and have a proven, successful track record, alththey admittedly have been running for less
than a decade. Primarily, these facilities havenbeeolved with thermal energy only. Other
facilities have experimented with co-generatiocjuding The Town of Nederland and most
recently, Fort Carson. Large-scale utilities, like Aquila Power Plant in Canon City, Colorado,
and Colorado Springs Utilities, were or are invging co-firing i.e., burning coal with a small

percentage of the feedstock replaced with wood. é¥@w the most convincing, established
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projects consist of several non-residential ingtahs equipped to burn cordwood, wood chips,
or wood pellets to produce thermal energy and nmgstllations are located in the north-central
area of the state near densely populated urbarmomswith a road network and access to the
feedstock either on-site or in proximity to thedst energy project site (Center for Energy and
Environmental Security et al. 2010). Research &ffsinould attempt to gauge the longitudinal
effectiveness and efficiencies of these projectsiims of actively managing forests while

providing thermal energy.

7.5 A Sustainable Strategy for Forest Energy Developmémn Colorado

As suggested in Chapter 2, forest energy hasdtenpal to increase public participation
in democratic processes. Forest biomass can béywadailable, can be obtained relatively
cheaply or at least cheaper than some non-renevitaddlsubstitutes and requires little technical
knowledge or experience. As such, any strategyat@inpts to increase forest energy project
development and implementation would necessaslyottake advantage of these strengths.

Combined with the research suggestion above,dlerbute forward will likely be a
series of public-private partnerships. In Coloraglectrical energy and liquid fuels appear to be
garnering the most attention. Electrical energy aas continues to be the target of the state’s
Renewable Portfolio Standard. The Gypsum PowertRldinproduce electricity, although it will
produce some energy in the form of CHP. The Pa§psiags gasification project is expected to
produce 5MWe of energy. The recent USDA $10 milkovard to Colorado State University for
the Bioenergy Alliance Network of the Rockies (BANBtoject is designed to explore the
potential for liquid fuels and biochar production.

Yet these emphases miss wood’s primary advanveqed is designed to burn.

Advanced wood combustion systems currently deplaydturope approach 90% efficiency.
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Distributed thermal energy systems in Colorado tsd@vn they can be successful by paying for
their initial investment before the end of thefe lexpectancies. The Boulder County Parks and
Open Space, for instance, will pay for itself byl20Any operating time afterwards is gravy.

So could the same principles apply to smalleideggial systems? Conceivably, yes.
Colorado’s best move forward to addressing its§onealth and energy crises may be to
incentivize the adoption of a large number of smadidential systems, particularly targeting
residents in the Wildland-Urban Interface (WUI).id market segment is critical for two main
reasons. First, they are in proximity to the fumlree; often the needed trees are on their
property. If they're in an area undergoing an imnggidemic or a recent burn, they may have
additional incentive to eliminate candidate traes,(eliminate the pests’ ability to spread or
remove hazard trees). Second, they most likelyter@nes who stand to benefit the most while
also being the most likely to accept the changergiweir likelihood to use the more expensive
propane for heat. These WUI residents are quéealiy on the front lines of Colorado’s forest
health battle.

What might such a strategy entail? RevisitingSeeate Bill 11-267 report, the state,
possibly with federal funding and technical assiséa should develop a strategically focused
wood stove program. Note that this program wouldnszessarily be a wood stove change-out
or “Cash-for-Clunkers” type program. The idea igiee residents flexibility to choose fuel
types based on market and other conditions. Sinaldre “Flex Energy” concept promoted by
Dan Bihn of Bihn Communications, homeowners cowdch to the more appropriate fuel (i.e.,
cheaper, available, more convenient, etc.) fuelnithey desire. Having alternative systems is
critical. Suppose that wood were unavailable ot tlmeneowners were unable to gather or obtain

fuelwood. Having a propane back-up would be esakiati survival.
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One possible candidate for this strategy couldaimeshine Canyon Fire Protection
District (SCFPD) in Boulder County, Colorado. ThHeFD was hit particularly hard by the
Fourmile Canyon Fire in 2010. Before the fire, 8@FPD had 164 homes. The fire destroyed 56
homes. Since then, 29 have been rebuilt, leavidghbBnes in a roughly 4 square mile area or
about 2,500 acres.

An acre of Front Range forestland will producegtuly eight-to-ten cords of firewood
when treated. With a standard 2,500 square fooehmmsuming an average of two cords per
season, a treated acre will support the heatingsee roughly 4 homes. If all 137 homes used
exclusively wood, an unlikely but possible scenatten the total firewood demand annually for
the SCFPD would be approximately 274 cords. To rtegtdemand, the district would need to
treat between 28 and 35 acres a year. At thataatassuming all 2,500 acres are capable of
producing eight-to-ten cords, then the district lddveat all of its acres in roughly 71 years. In
other words, assuming these acres would be treat@d30-year rotation, the SCFPD may be
able to sustainably harvest firewood from its owrests to meet its own heating demand and
possibly have material left over for other proddotshomeowners, for contactors or for
community needs. The products may help offset tis¢ af the periodic treatments.

The main problem with this approach is that commesiooking for help with forest
energy have different expectations. Residentsaamdiir with propane (or natural gas) which
requires considerable less effort to prepare, e@enrad maintain than a forest thermal energy
system. As one forest energy proponent noted: firbblem with pushing forest thermal energy
is that you are trying to sell ‘Little House on tReairie’ systems to people that are expecting
technology from ‘The Jetsons.” However, the courtggument that could be made by FBU-

proponents is that homeowners in the WUI have &eheither that woody material can burn on
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the inside of their homes or, if left untreatedtthame material can burn the outside of their

homes. Through their actions, or lack thereof, ttleyose.

7.6  Final Thoughts
This dissertation started with a quote from ShakasgsThe Tempesihe quote, which
is carved on a statue outside the National Archaresgained renewed fame during the Biden-
Palin Vice Presidential Debate, argues that promditions set the stage for future developments.
Colorado’s forest health and energy security comattset the stage for the rise of forest energy
as a potential solution.
Forest energy solutions have many benefits. Yet éine not problem-free. In a review of

a forthcoming book on climate change from the Gerddvisory Council on Climate Change,
Achim Steiner, UN Under-Secretary General and Etceeirector, UNEP (United Nations
Environment Programme), said:

Biofuels have been represented by some as a billet to the climate change

threat, and by others as a fatal mistake set tvajeforests and increase hunger;

they are neither. Sane and sensibly developeddtfielya chance to reduce

emissions, generate employment and diversify tiwglihoods. But widespread

commercialisation without proper sustainabilityngtards could prove a disaster,

causing more environmental and human harm than.good

(German Advisory Council on Global Change, 2008).
As part of a commitment to improve energy secuaity address climate change, the U.S.
government has invested heavily in a number of qarmg and incentives to promote
development of renewable energy, including bioepé&@m woody biomass. The majority of
these investments have been (and continue to hkegiproduction of cellulosic transportation
fuels. To use this resource as flexibly and efletyi as possible, it will become increasingly

important for federal policies to address the $piectrum of ways in which low-carbon density

woody biomass can serve as a substitute for highmoadensity fossil fuels. This includes
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production of electric power, thermal energy, camebli heat-and-power (CHP), and biobased
products at a variety of scales. In addition, peicshould prioritize improving the sustainability
and economic feasibility of bioenergy applicatiamsl feedstock development. Federal
incentives should encourage site-level assessn@at@ntial biomass projects in order to
determine the appropriate scale and to select neamaxgt practices that will minimize negative
impacts and maximize the effectiveness of biomasgdsting as a means to engage in forest
stewardship activities, such as stand improventetdiitat management, and restoration forestry.
Without cost-effective and profitable methods fartesting and utilization of woody biomass, it
is unlikely that this resource will achieve its @otial as a renewable solution to climate change.
A continued commitment to research will be needeachieve the two goals above — there is
much to be learned regarding environmental imp&etssesting methods, cellulosic conversion
technologies and the economics of biomass markegtally, policies that promote community
projects, public-private partnerships, and stakid¢rotollaboration will be instrumental in
achieving social acceptance for bioenergy, builginglic trust, and developing bioenergy
projects that will be equally beneficial to oumechte, our forests, our communities, and our
economy. These activities will be necessary to@wae much of the skepticism and opposition
that is directed towards wood-based bioenergy.

Given the aforementioned forest energy technolbgathways and recent research
advances, the avenues for future applications dddianal research appear limitless. However,
boundaries exist in a sense given the lack of Bggmt federal progress in both the forest health
and the energy policy arenas. For instance, inr@dimnational forest harvests supplied 90% of
the state’s timber needs in 1974; by the year 20@2,number had dropped to 38%. Frequently

litigated timber sales combined with strong puBlipport for non-extractive values have left the
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managers of the state’s federal forests in a vigfigult position, trying to balance the myriad
demands placed on themselves and the resources.

When comparing likely routes for developing renele@amergy pathways, a more
effective measure may be Energy Returned on Watested (EROWI), especially for energy
resources in arid environments, such as the Webheited States. By using another limited
resource as a measure of “efficiency,” project tigvers would have a better idea of which
energy technologies make sense given the additre@ssary inputs rather than using energy
conversion efficiency ratios alone (Mulder, Hagand Fisher 2010).

Although somewhat understated and while last bdaicgy not least, conservation and
certainly those energy conversion efficiency ratiage much stronger roles to play in the future.
For instance, to avoid one ton of carbon dioxideibiyng solar saves about $30. To avoid
producing a ton of carbon dioxide using wind pos&ves about $38. But if an average-sized
home switches all of its incandescent bulbs to LEBs savings per ton of carbon dioxide
avoided is $159 while switching to energy-efficiappliances runs about $108 per ton of carbon
dioxide saved. Investments in energy efficiency g@ydends and learning to consume less or
“to do more with less” is in society’s best intédsedn short, while the interest in renewables is
growing, efficiency should come first; our currémtentive structures, while still well-meant, are

backwards (Krieger 2009).
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EPILOGUE

This dissertation was written primarily from 20002013, in the midst of some of the

state’s worst wildfires. Costs and impacts aré Isgiing tallied as they continue to accrue.

However, the reader may appreciate an idea of @bkirado has recently experienced plus

some historical perspective. Below is a list of samhthe more significant wildfires in Colorado

shown in decreasing order in size from 1989 to A@&d&apted from Examiner.com 2012; KKTV

2013).

Boldfacetype indicates the wildfire caused injuries andfeaths.

2002

2012
2002

2012
2002
2002
2002
2012
2012
2000
2012

2002
2013
2012
2002
2002
1996
2000
2000
2012

Hayman Fire, southwest of Denver - 137,760 &si; 5 deaths*, 16 injuries, 600
structures
High Park Fire, Larimer County - 87,284 acres (actre); 1 death, 250+ structures

Missionary Ridge Fire, near Durango - 71,73%cees; 1 death, 52 injuries, 56
structures
Last Chance Fire, Washington County - 44,100 adrestructures

Spring & Fisher/James John fires (Trinidad Corplex) - 32,896 acres; 6 injuries
Burn Canyon Fire , Norwood area - 31,616 acresj#ies

Mount Zirkel Complex, Steamboat Springs ar@h,016 acres

Heartstrong Fire, Yuma County - 24,000 acres; 3 injries, 2+ structures

Little Sand Fire, Pagosa Springs area - 2252465 (active)

Bircher Fire , Mesa Verde area - 19,709 acres

Waldo Canyon Fire, Colorado Springs area - 1847 acres (active); 2 deaths, 346
homes
Big Fish Fire , Steamboat Springs area - 17,056sa structures

Black Forest Fire, near Colorado Springs Area 14,280 acres, 509 homes, 2 deaths
Pine Ridge Fire, De Beque area - 13,920 acres/égcti

Spring Creek Fire , New Castle area - 13,49€saNo structures

Coal Seam Fire , Glenwood Springs area - 12,208a&d4 3 structures

Buffalo Creek Fire , Jefferson County - 12,80€es; 10 structures

Hi Meadow Fire, Bailey area - 10,800 acres; 51cstmes

Bobcat Fire, Larimer County - 10,599 acressti@ctures

Weber Fire, San Juan National Forest - 10,133 dartiwe)
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2002
2012
2010
2012
2000
2002
2002
2002
2012
2002
1990
2010
2002
1994
1989

Million Fire, South Fork area - 9,346 acressttuctures

Hewlett Fire, Ft. Collins area - 7,685 acres

Fourmile Canyon Fire, Boulder area - 6,388sct74+ structures

Sunrise Mine Fire, Gateway area - 5,742 acres; 2juries

Pony Fire, Mesa Verde area - 5,250 acresudtstes

Bear Fire , Dinosaur National Monument area - 4, 80@s

Iron Mountain Fire , Canon City area - 4,436 eres; 200+ structures, 3 injuries
Big Elk Fire, Estes Park area - 4,413 acres; 3 dd&, 1 structure

Lower North Fork Fire, Conifer area - 4,140 aes; 3 deaths, 23+ structures
Schoonover Fire, Douglas County - 3,860 acrestri@tsires

Olde Stage Fire , Boulder County - 3,000 adr@structures

Crystal Fire, Larimer County - 2,940 acres; 13@tites

Snaking Fire , Bailey area - 2,590 acresrutsires

South Canyon Fire (Storm King Mountain) - 2,115 aces; 14 deaths

Black Tiger Gulch Fire - 1,778 acres; 44 dties

*The five firefighters died in a car accident whde route to the Hayman Fire.
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Table I.1: Forestry Articles Coded by Tone in Titles

Year Positive Negative Neutral / No Code Totals
1973 2 0 61 63
1974 7 1 57 65
1975 4 3 28 35
1976 12 2 45 59
1977 5 2 36 43
1978 2 2 22 26
1979 2 3 20 25
1980 4 2 26 32
1981 5 6 35 46
1982 3 7 27 37
1983 2 0 54 56
1984 5 0 67 72
1985 0 1 92 93
1986 1 0 94 95
1987 2 3 76 81
1988 3 5 120 128
1989 2 7 148 157
1990 3 11 111 125
1991 4 5 83 92
1992 0 5 106 111
1993 1 0 159 160
1994 14 3 188 205
1995 25 3 131 159
1996 8 5 113 126
1997 5 18 81 104
1998 24 20 126 170
1999 7 14 86 107
2000 22 8 93 123
2001 31 3 92 126
2002 38 6 93 137
2003 32 1 126 159
2004 23 4 90 117
2005 11 0 95 106
2006 10 9 105 124
2007 29 4 104 137
2008 11 2 134 147
2009 24 15 86 125
2010 16 1 101 118
2011 6 1 76 83
2012 7 1 38 46

Source: The Readers’ Guide to Periodical Literajur®73-2012. (n=4,020)
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Table 1.2: Energy Articles Coded by Tone in Titles

Year Positive Negative Neutral / No Code Totals
1973 23 3 154 180
1974 17 1 173 191
1975 32 5 233 270
1976 17 2 113 132
1977 42 2 228 272
1978 40 2 194 236
1979 62 1 288 351
1980 29 6 247 282
1981 46 20 177 243
1982 45 11 89 145
1983 15 5 183 203
1984 14 8 102 124
1985 15 2 110 127
1986 6 2 110 118
1987 13 5 59 77
1988 5 2 69 76
1989 7 1 60 68
1990 24 2 92 118
1991 16 1 130 147
1992 1 2 73 76
1993 5 2 70 77
1994 4 0 65 69
1995 9 0 75 84
1996 0 1 96 97
1997 3 1 108 112
1998 9 2 76 87
1999 17 9 69 95
2000 46 0 108 154
2001 83 6 257 346
2002 102 1 197 300
2003 32 2 149 183
2004 44 3 149 196
2005 20 1 279 300
2006 44 4 353 401
2007 44 7 301 352
2008 60 10 496 566
2009 45 29 406 480
2010 60 31 335 426
2011 51 15 248 314
2012 15 6 74 95

Source: The Readers’ Guide to Periodical Literajdr®73-2012. (n=8,170)
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Table 1.3: Wildfire Articles Coded by Tone in Titles

Year Positive Negative Neutral / No Code Totals
1973 0 0 3 3
1974 0 0 12 12
1975 1 1 3 5
1976 0 0 1 1
1977 5 0 3 8
1978 0 0 1 1
1979 0 0 3 3
1980 0 0 3 3
1981 0 0 1 1
1982 0 0 4 4
1983 0 0 4 4
1984 0 0 8 8
1985 0 0 5 5
1986 0 0 6 6
1987 2 0 6 8
1988 0 1 24 25
1989 0 0 41 41
1990 0 0 11 11
1991 1 0 1 2
1992 0 0 3 3
1993 0 0 15 15
1994 7 0 23 30
1995 10 0 18 28
1996 5 0 7 12
1997 1 2 9 12
1998 13 1 13 27
1999 3 0 10 13
2000 16 0 19 35
2001 19 0 24 43
2002 23 3 14 40
2003 20 0 28 48
2004 11 0 22 33
2005 2 0 15 17
2006 5 2 11 18
2007 9 0 31 40
2008 1 1 32 34
2009 10 0 14 24
2010 5 0 20 25
2011 1 0 22 23
2012 4 0 6 10

Source: The Readers’ Guide to Periodical Literajur®873-2012. (n=681)
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Table 1.4: Energy Prices-Related Articles Coded byone in Titles

Year Positive Negative Neutral / No Code Totals
1973 4 0 2 6
1974 5 0 7 12
1975 14 2 12 28
1976 6 0 13 19
1977 4 0 32 36
1978 7 0 30 37
1979 9 0 42 51
1980 7 4 21 32
1981 12 10 18 40
1982 24 0 4 28
1983 0 0 32 32
1984 0 5 5 10
1985 2 0 12 14
1986 0 0 12 12
1987 0 0 4 4
1988 0 0 4 4
1989 0 0 5 5
1990 0 0 10 10
1991 0 0 3 3
1992 0 0 5 5
1993 0 1 1 2
1994 0 0 4 4
1995 0 0 5 5
1996 0 0 36 36
1997 0 0 27 27
1998 2 0 11 13
1999 2 2 15 19
2000 21 0 23 44
2001 27 3 25 55
2002 13 0 7 20
2003 6 0 5 11
2004 19 0 10 29
2005 10 0 42 52
2006 11 1 77 89
2007 0 0 27 27
2008 7 0 57 64
2009 1 5 28 34
2010 1 3 12 16
2011 1 2 22 25
2012 8 0 9 17

Source: The Readers’ Guide to Periodical Literajur®873-2012. (n=977)




LIST OF ABBREVIATIONS

ACF: Advocacy Coalition Framework

ARRA: American Recovery and Reinvestment Act of 2009
BBF: Billion Board Feet

BCPOS: Boulder County Parks and Open Space

Bd ft: Board Foot

BLM: Bureau of Land Management (U.S. Department of riberibr)
BLS: Bureau of Labor Statistics (U.S. Department of Liabo

Btu: British thermal unit

CAA: Clean Air Act

CHP: Combined Heat and Power

COGCC: Colorado Oil and Gas Conservation Commission

CR: Continuing Resolution

CSFS:Colorado State Forest Service

Cu Ft: Cubic Foot

DSIRE: Database of State Incentives for Renewables aficdficy
EERE: Energy Efficiency and Renewable Energy (U.S. Depant of Energy)
EIA: Energy Information Administration (U.S. DepartmehEnergy)
EISA: Energy Independence and Security Act of 2007

ENGO: Environmental, Non-Governmental Organizations

EPA: U.S. Environmental Protection Agency

EPAct: Energy Policy Act (of 1992 or of 2005)

FB: Farm Bill
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FBU: Forest (Woody) Biomass Utilization

FEMA: Federal Emergency Management Agency

FERC: Federal Energy Regulatory Commission

FPL: Forest Products Laboratory

FS: Forest Service (U.S. Forest Service a.k.a. USDA&$#dBervice)
FY: Fiscal Year

GAO: General Accounting Office (pre-2004) / Govt. Acctahility Office (post-2004)
GEO: Governor’s Energy Office (Colorado)

HFI: Healthy Forests Initiative

HFRA: Healthy Forests Restoration Act

IOU: Investor-Owned Utility

LTSC: Long-Term Stewardship Contract

MBF: Thousand Board Feet

MPB: Mountain Pine Beetld)endroctonus pondersoae HopKins
MCF: Thousand Cubic Feet

MMBF: Million Board Feet

MST: Multiple Streams Theory

MW: Megawatt

NASF: National Association of State Foresters

NCDC: National Climatic Data Center

NFMA: National Forest Management Act

NFP: National Forest Plan

NIFC: National Interagency Fire Center
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NOAA: National Oceanic and Atmospheric Administration
NPS: National Park Service (U.S. Department of the lotgr
NREL: National Renewable Energy Laboratory

OEMC: Governor’s Office of Environmental Management armh€ervation (Colorado)
PET: Punctuated-Equilibrium Theory

PTC: Production Tax Credit

PURPA: Public Utility Regulatory Policy Act

QF: Qualifying Facility

REPI: Renewable Electricity Production Incentive

RPA: Forest and Rangeland Renewable Resource Planntraf A874
RES: Renewable Electricity Standard

RFS: Renewable Fuels Standard

RPG: Renewable Portfolio Goal

RPS: Renewable Portfolio Standard

RTS: Renewable Thermal Standard

SRWC: Short-Rotation Woody Crops

USDA: U.S. Department of Agriculture

USDC: U.S. Department of Commerce

USDE: U.S. Department of Energy

USDI: U.S. Department of the Interior

USDL: U.S. Department of the Labor

USFS:U.S. Forest Service (U.S. Department of Agriculture

USFWS: U.S. Fish and Wildlife Service (U.S. Departmenttd Interior)
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WFLC: Western Forestry Leadership Coalition

WGA: Western Governors’ Association
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