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w ·o:o·diy· B~io:m,ass Ut'i:l!iza1tlo~n 

Val·ue-added end u.ses: 

• Lumber products, composite 
panels, pulp 

• Soil amendments 
• Densified fuel pellets 
• Animal Bedding 
• Landscape cover 
• Biofuels (ethanol, renewable 

diesel} 
• Biomass power (generation or 

cogeneration} 

WWW.'::> I E RRAN EVAOA.CA.GOV 
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w ·o.od P'roc.ess·.i ng, II nf'ra·stru ct:ure 
There is a continued decline in 
wood processing facilities (Red 
indicates closures in last decade). 
Currently, there are only 3 mills 
operating between 1-80 and Mexico 
in the Sierra Nevada. 

1. 
2. 
s. .. 
s. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
15. 
17. 
1a. 
t S". 
20. 
21. 
22 

- -
California Forest Industry 

Primary Manufacturers Currently in Operation 
2000-2009 Closures (sawmills unless otherwise indicated) 

San Somardr c 

AgA"Oo:liAiG & l•J:n~Ef [\Jki>.') 23. J.H. BJXI!r fi""'"''!} ['lie:!) -15. S~rr.J P~cii: ln4. (S'Jrre.() 
:.nnJ..~otia Mi lling (!nnlpolia) 2:. Lo'Jiai.l."''a-Pacific (ooaul} iOro\•ille) ~5. Sierra Pacific Ind. (CJ.1lino) 
Ber.y"s S~·.vmi ll {COJ~dero) 25. Pl.:>~ River Recw»:~ [l!noi:>gJ (Artotl) J.7. St!rr.J Paci!i: IN:!.. (Cent.~ ! \!'3!1e·)? 
Big c r .. k Lurr_,.r eo. (OJi.,"?C"l 26. r.t.uonitMnU ?Jp€C {ZJcwct}~u~iahl ~- s;.rm Poci!i:; lllll. P•l9> logJ (Linoot.1) 
Big 'llii&J' L\JrntJ-E-r Co. fOieb!lrj 27. r.t !ndocino R.:dwood !Fort BrJ.gg) 49. s;.rrJ Poci!i:; IM. (Sm:I!IIOgJ (Lb:o:n) 
BIUI Llke fC•Ti!:it Products (81!1& LJt .;l 2S. Pl.on~ccno R.OACC<IJUki"..nJ 5Cl Sierra Pacific Ind. (LJoy~ton) 
BUm!)' FO.."'est PO'N!r lB '.JiTI~j) 2!1. Plo LCO (C.:i!tOtb OIOVed to SCO:il) 51. s;.rrJ Poci!i:; IM. (C;rwii•J 
CJIOomia C&dlr Pro:h.Jch {Mccroua) JD. P~LCO (fortunJ) 52. s;.na Poci!i:; lllll. P•l9> log[ (Qui'"f) 
C;~IOomia cecs:u Proa:~ch {P~,cil stalj (Stockton) 31. PALCO [mi ll A] (ScotiJ) 5l. Sia rr-3 PJcific Ind. {lnllll log] {QuincyJ 
Calr.:rria Recv.oOd (Kcmel) 32. P~LCO [mi ll B) (ScotiJ) !-l. Sierra Pacific Ind. (Su:nn·oille) 
C>lilomia Rt<IWood (Oriel<)' 33. Pry..Cc•rt, Inc.[> ... ,..,.} (• na..,.onJ 55.. .S't!l'l'a Pad!i: tr4. (Cf'!jnese CZimp) 
Ctlfn> Fino eo. (Ctsta) s:. !U.S. Lwr.!ler Co. (Ptjl>) ;;. Siorra PJcific Ind. (StlM>rdi 
E·al Ri'o&r Lumbar Pro<lucts fFortunJ) ss. R•a•-oo~ Empi"' (Cl:r;•::l,le) 57. si?rm Pino t!x>1'r!J (Man<\1) 
Ei! l Rfoer s.n.mills rnc. {R&dtftst) 36. f\O~Durg Fore-.'it P{C)(J"I.J::ts {LI!-.'I!f:fJ lWeeG) 55. s;.rrJ Pino 17:<>1'!!} JRot~in) 
E1'21~reen /l>U\'/(5om e>:~) 31. Sci"JT".:aro-Jer l 1.1mtEf co. {fufe>G.) 59. sour<~ ~:-..liS iSfWJ [An.O!r.;C<IJ 
c~orgil-P>cific (fort BrJgg) 38. 511:1!!<1 Go~, [BilliE'/) ro. Tirr_,.r Proauas co.,ver.e;.1 (Yri!I:J) 
Hour.>IO f«OSI PIOOUO!li i~'r!J (A'l'Otl) 3l. ShJata Plp9r cornp.1..:.1y (puJp] (Anderson) 61. Trhi:"t' Rr.-a L.Jclber CO. (VI~;e.,•iJe) 
H'rr.!lro fcrost PIO~Uc:li i~'r!J (C..,certt City) <ll . Sif':rJ CedJr Proaucb {.Uaryavir;J 52. W•tl;.&~Ovi.l!t (EI DoradO) 
HJrwood Ptotjucb.(Br~n:v;cmbJ <I. Sier~ Fo-r-eat Product! {Dinuba) 03. Wili'o> R!CWOOCI (\Viii'.>) 
Hurr.:>oklt Fr.ae SOOn! (AtiN".O) :.2. Sierra f~st Proouas (TEm- Be:IIZI.) w.. wiacon-3-in·CJ.:ifomiJ. (And~on) 

Hurr.>ciOt R.OACC<I co. (5cotio) <3. Siern?a:;ifloln~. "'nc.,.en) 
Hurr.>cklt Re1Atc<l co. (Ate!:~) :..:. 5ie~r. Pa:iflo iM. "'rwl<IJ 

5;."~.: . C\lhj{~ fi.v~rry .Auo.:.\..lf,lfl .1- l'aJ I< f.Jul!'!~ ..t- ... lm"~c;:. lAUE :.A. XII:Jj 2000-2009 CLOSURES 
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C ll•f .. B.. A . t•· PI a. 11:· -o.rnla: ~ .--..~oen~errg.v .. Me· - ~ · 1 1o~n _.·.·;_ a~n 

2012 Bioenergy Action Plan 
Prepared by the Bioenergy Interagency Working Group 

8
- ~CAIIIOI IIIA / - e t1£1[.Uro. , cdfa 
=:: I (!COl Ill(',) ------
~ A G LU (Y r ·J•~<'•" ' ':~t•l 

G 

Eclmuncl G. Brown Jr., Governor 

Cal Recycle 

-~ ~ ~ 

AUGUST2012 

I 

I 

www. '::J l ERRAN EVADA.CA.GOV 
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S:B 1122 Impact: on Bio~ma1s'S 

• Creation of markets for w·oody biomass 
from hazardo.uis· fu1el!s reductio.n 

• 50 Mw of distributed energy will uti11ize 
approximately 400,000 (BDT): of forest biomass 
• Support treatment of approximately 30,750 acres 

..-- ~- ·- ·- -~~ ,;·· ,._ "'H: 
per year 

\".1 \NW.~ l ERRANEVAOA.CA.GOV 
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ChaUenge.s. to: Increasing Forest Bi:oe:nerg~· 

Increasing Wildfire and 
Associated Costs 

Regulation & Litigation 
Project Review 

'~ :...!~ .... -~~ 

Fewer wood 
Processing facilities 

Cheaper 
Renewables 

Declining Budgets 

~ 

Budding 
Industry 
Risks 

ww.~ I ERRAN EVAOA.CA.GOV 
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Mo~k·e. l!uml lilie- W .. at:e.lished 
Avo~ided C'o.stt: A'na 1:ys:i1s 

To answer th·e questi:on-

Does it make economic sense to~ incre·ase 
investment in fuel treatments to reduce the risk of 
large, damaging wildfires? 

\AlWW.';) l E RRAN EVADA.CA.GOV 
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$50,000,000 -1-----' 

$0 I 

Low Benefits High Benefits 

Utilities 

Private Timber 

Residential Private 
Property Owners 

1-----

State of California 

• Federal Government 
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u:s .. O:A Fo.,res~t S:ervic~e 

• Manages 20% of California 11and and the majority of 
forested lands 

• Of the 20 million acres, 6,-9 million acres have been 
identified as needing treatment 

• Current pace of work: 160,000- 200,000 acres/year 
• Needed pace of work: 500,000 acres/year 

WW. ':> l E RRAN EVADA.CA.GOV 
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Miulti~ple,~ Benef'i1ts 

~ Climate adaptation strategy 
• Local, Renewable Energy 
• Jobs (4.9 jobs/MW) 
• Supports hazardous fuels 

reduction and healthy forests 
• GHG emissions reduction 
• Reduces waste material 

destined for landfills 
• Net improvement in air quality 
• Cost savings or revenue for 

communities, businesses, state 
and federal government 

Merced, CA.­
~l.5 
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California's instate water supply mainly 
comes from the Sierra Nevada and 
southern Cascade mountains. The map 
shows the range of water yield throughout 
the state, water that is potentially available 
for use. The highest amount of water yield is 
depicted in dark and lighter blue and the 
more arid areas are shades of beige. 

The naturally wet areas of California support 
and sustain the dry areas. The map shows 
the primary end users of the water by use of 
the faucet icon. 

From lnciweb.org- August 
2013 

A .CA. 
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c·o.~n~c: l u s.i Q:·n 
• Ma1ny· clh1a·lle.ng·.es to estab..li1s.hi~ng a rresiliient·, 

h1ea ltlh ~y fo.rest 
• Multiple en~vi'ro .. nm·ental, economic and 
societal benefits of bioma.ss en.ergy makes it 
worth facing these challenges 

WWW.'::> I E RRA NEVA DA.CA.GOV 
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$250M -----------------------------

Low Benefits High Benefits 

Figure ES-4. Fuel Treatments Beneficiaries 

FOR MORE INFORMATION: 

The Nature ~ <1\ David Edelson 
Conservancy dedelson@tnc.org 

Protecting nature. Preserving life~ 

Kristen Podolak 
kpodolak@tnc.org 

Produced in cooperation with the USDA Forest Service. 

• • 
• • 

Utilities 

Private Timber 

Residential Private 
Property Owners 

State of California 

Federal 
Government 

Sum ma ry 

In sum, our analysis shows that it makes eco­
nomic sense to invest in forest management 
to reduce the risk of destructive, high-severity 
wildfires in the upper Mokelumne watershed. 
Although achieving such benefits requires a 
significant increase in the pace and scale of 
fuel treatments, the long-term cost savings far 
exceed the costs of the initial investment. To 
the extent that the Mokelumne is representa­
tive of other fire-adapted forested watersheds 

of the Sierra Nevada and the western United States, this report 
makes the economic case for significantly increasing investment 
in fuel treatments in western forests. 

FOR A COPY OF THE FULL REPORT: 

SierraNevada.ca.gov/Mokelumne • 
- -

Kim Carr 
kim.carr@sierranevada.ca .gov 

Sherry Hazelhurst 
shazelh urst@fs. fed.us 

Nic Enstice 
nic.enstice@sierranevada.ca.gov 

jJ 
FSC 

MIX 
Paper from 

,.spons/ble soun:n 

Photography: Cover:© Katherine K. Evatt and Foothill Conservancy; This page: Above:© Mathew Grimm I Environmental Defense Fund; Below:© Noah Berger EPA -- FSCO C092775 

Mokelumne Watershed Avoided Cost Analysis: 

Why Sierra Fuel Treatments Mal<e Economic Sense 
High-severity wildfires in forests of California's Sierra Nevada 
pose a serious threat to people and nature. Although proactive 
forest management can reduce the risk of high-severity wildfire, 
the pace and scale of fuel treatments is insufficient, given the 
growing scope of the problem. Using the upper Mokelumne River 
watershed as a representative case, we sought to answer the follow­
ing question: Does it make economic sense to increase investment 
in fuel treatments to reduce the risk oflarge, damaging wildfires? 
Our analysis suggests that the economic benefits of landscape­
scale fuel-reduction treatments far outweigh the costs of wildfire. 

Recent wildfires in California and the West have destroyed lives and 
property, degraded water quality, put water supply at risk, damaged 
wildlife habitat and cost hundreds of millions of dollars. For example: 

• The 2013 Rim Fire-located just south of the Mokelumne 
River in the central Sierra Nevada-burned nearly 257,000 
acres, much of it at high severity. at a cost of more than $127 
million, not including the costs to the economy and tourism. 

• The 2013 Yarnell Fire in Arizona killed 19 firefighters, destroyed 
more than 100 homes and damaged the town's water system. 

The Sierra Nevada provides more than 60 percent of the devel­
oped water supply for California. High-severity wildfire places 
this water supply at risk. The upper Mokelumne River watershed 
in the central Sierra Nevada supplies drinking water to 1.3 million 
residents of the San Francisco Bay Area and provides valuable 
goods and services, including but not limited to forest and agri­
cultural products, hydropower energy. recreation, wildlife habitat 
and carbon sequestration. Like other Sierra Nevada and western 
watersheds, much of the Mokelumne watershed is at very high 
risk of wildfire (figure ES-1). 

Although wildfire and the associated costs are increasing in the 
western United States, few studies have taken a hard look at the 
costs and benefits of fuel treatments to determine if an increased 
investment in treatments makes economic sense. Through a col­
laborative process with key stakeholders and using state-of-the-art 
models for fire, vegetation and post-fire erosion, we analyzed the 
potential impacts of a landscape-scale fuel treatments program 
in the upper Mokelumne watershed. In addition, we examined 
who would benefit the most from investing in fuel treatments 
and reducing the risk of high-intensity wildfires. Our findings 
can help inform forest management not only in the Mokelumne 
watershed, but also in similar watersheds throughout the Sierra 
Nevada and the western United States. 

• The 2002 Hayman Fire in Colorado burned 138,000 acres, 
destroyed more than 6oo structures, and deposited more 
than 1 million cubic yards of sediment into Strontia Springs 
Reservoir-a primary drinking water source for the City of 

Denver-at a growing cost of more than $150 million. K· ({;... r v 

The Nature 
Conservancy 

Protecting nature. Preserving lite: SIERRA NEVA DA 
CONSERVANCY 

n 
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FIGURE ES-1. Fire Hazard in the Upper Mokelumne Watershed 

Process 

In February 2012, the Sierra Nevada Conservancy, The Nature 
Conservancy, and the U.S. Forest Service convened a diverse 
group of stakeholders to consider whether an economic case 
could be made for increased investment in fuel reduction in 
the upper Mokelumne watershed. This group included land 
managers (the Forest Service, Bureau of land Management, 
Sierra Pacific Industries) ; water and electric utilities (East Bay 
Municipal Utility District, Pacific Gas & Electric); state and local 
agencies (California Department of Water Resources, California 
Department of Forestry and Fire Protection and county govern­
ments) ; environmental organizations (Sustainable Conservation, 
Environmental Defense Fund); and local stakeholders (Foothill 
Conservancy, Amador-Calaveras Consensus Group, West Point 
Fire District). 

We established an Advisory Committee to help guide the overall 
process and analysis, a Technical Committee to address issues 
relating to science and modeling, and a consulting team, led by 
ECONorthwest, to conduct the economic analyses. Using a col­
laborative process, we developed a site-specific fuel-treatments 
scenario, targeting areas of high fire risk to homes, communities 
and utility infrastructure, as well as post-fire sediment erosion risk 
to waterways. We commissioned studies to simulate the outcomes 
of future fires with and without fuel treatments-specifically for­
est thinning and controlled burning. The Advisory Committee, 
Technical Committee and consultants subsequently reviewed 
the analysis, vetted and approved each chapter of the report and 
endorsed the report's findings and conclusions. 

- - Mokelumne River 

1 Powerhouses 

Analysis 

Our analysis focused on modeling wildfire in the Mokelumne 
watershed both with and without implementation of the fuel ­
treatments scenario. We analyzed the size and intensity of five 
potential representative fires based on fire history in the region, 
current forest conditions and state-of-the-art wildfire models. 
We modeled the fuel-treatments scenario to identifY how active 
forest management would likely modify wildfire behavior and 
post-fire erosion over a 30-year time period. Using these results, 
we quantified the financial costs and benefits of the treatments, 
focusing on those elements to which a dollar value can readily be 
assigned such as homes, infrastructure, timber, biomass energy, 
carbon and employment. 

The analysis was based on conservative assumptions regarding 
potential costs and benefits, not a worst-case wildfire scenario. For 
example, the nearby 2013 Rim Fire was significantly larger than 
all five modeled fires combined and burned at higher intensity. 
In addition, we did not consider wildfire impacts with economic 
values that could not be readily determined, such as the effects 
of fire on wildlife habitat, recreation, tourism, and public health 
and cultural sites. Thus, in multiple respects, our conclusions 
likely underestimate the costs associated with future wildfires and 
the benefits of active management, suggesting an even stronger 
case for action. 

Figure ES-2. High-intensity W ildfire Pre- and Post-Treatments 

Key Findings 

• Fuel treatments can significantly reduce the size and sever­
ity of wildfires. Proactive forest management can significantly 
modifY fire behavior by reducing fire severity, size and rate of 
spread. Our results showed that the modeled fuel-treatments 
scenario reduced the size of each of the five fires by 30 to 76 
percent, or a total reduction in size of approximately 41 percent. 
More importantly, the modeled scenario reduced the acreage of 
high-intensitywildfire byapproximately75 percent (figure ES-2) . 

• The economic benefits of modeled fuel treatments are 
2-3 times the costs. In total, across the categories of benefits 
quantified in this report, the value of avoided costs significantly 
exceeds the cost of fuels management (figure ES-3). The 
avoided losses in terms of both costs and lost income oppor­
tunities include the value of structures saved from wildfire and 
the costs of fire suppression and post-fire restoration, as well 
as potential revenue from carbon sequestration, merchantable 
timber and biomass that could be used for energy. For each 
cost category, we estimated a range of values from low to high. 
Using the high estimates for benefits ($224 million) results in a 

Costs 

• High Severity Fire 

benefit-cost ratio for the fuel-treatments scenario of 3.3:1. Even 
when applying a more conservative approach, using the low 
estimate for benefits ($126 million), the benefits of investing 
in fuel treatments are nearly twice the costs, with a benefit-cost 
ratio of approximately 1.9:1. 

• There are many beneficiaries from increased fuel treat­
ments, especially taxpayers. The economic benefits of fuel 
treatments accrue to a wide range oflandowners, public and 
private entities, taxpayers and utility ratepayers. As shown in 
figure ES -4, the primary beneficiaries are the State of California, 
federal government, residential private property owners (and 
their insurers), timber owners, and water and electric utili­
ties. By comparison, the costs of fuel treatments are largely 
borne by public land managers (and, by implication, taxpayers). 
An accelerated fuel-treatments program would also result in 
an estimated 35-45 jobs relating to fuel treatments and 7-10 
biomass-to-energy jobs over a 10-year period. These figures 
represent a significant addition to the current number of such 
jobs in these rural areas. 

Fuel Treatment $68,000,000 $68,000,000 
··· ···· ·· ···· ··· ·· ·· ········ ·· ·· ·· ····· ····· ········ ······ ················ ···· ··· ··············· ···· ····· ·· ···· ··· ··· ········· ········ ·· ··· ·· ········· ···· ·········· ·· ·· ······ · 

Benefits Low High 

Structures Saved $32,000,000 $45,600,000 
····· ···· ·· ···· ··· ······· ····· ··· ·· ·· ··· ····· ···· · ···· ··········· ······ ·· ··· ··· ······ ·· ···· ·· · ······ ·· ········· ······ ····· ····· ······ ····· ··· ··· ······ ····· ···· ··· ·· ·· ········· 

Avoided Fire Cleanup $22,500,000 $22,500,000 
····· ··· ···· ······· ········ · ··· ····· ···· ·· · ····· ····· ···· ·· ····· ···· ··· ······· ········ ··· ··· ········ ··· ··· ····· ······ ····· ···· ········· ····· ··· ··· ···· ······· ······ ········ ···· 

Carbon Sequestered $19,000,000 $71,000,000 
······· ··· ···· ·· ···· ······· · ··· ·· ··· ··· ·· ··· ····· ····· ····· ·· ···· ······ ······· ·· ······ ··· ···· ·· ··· ······ ···· ········· ········ ········ ···· ·· ······· ··· ··· ············· ·········· 

Merchantable Timber from Treatment $14,000,000 $27,000,000 
·· ····· ·· ·· ······ ··· ······ ·· ·· · ······ ·· ··· ······· ···· ···· · ·· ·· ··· · ·· ··· ······· ····· ······ ·· ···· ···· ·· ··· ··· ·· ········ ········ ···· ······ ·················· ·········· ·· ··· ····· ·· 

Avoided Suppression $12,500,000 $20,800,000 
·· ····· · ······ ·· ···· ···· ···· ·· ··· ·· ····· ··· ···· ····· ········· ····· ······· ····· ··· ···· ········ · ····· ···· ··· ··· ········ ····· ············ ·· ·· ······ ···· ······· ······ ······ ········ 

Biomass from Treatment $12,000,000 $21,000,000 
··· ··· ·· ··· ········· ··· ···· ··· ······ ··· ···· ·· ···· ··· ····· ·· ·· ···· ····· ···· ·········· ····· ······ ··········· ········· ····· ······· ······· ··· ·· ········· ····· ······ ··· ···· ··· ··· ·· · 

Avoided Road Repairs and Reconstruction $10,630,000 $10,630,000 
····· ··· ··· ·· ··· ·· ····· ·············· ······ ·· ··· ···· ····· ········· ··· ····· ····· ·· ·· ···· ··· ·· ··· ···· ··· ····· · ········ ·· ··· ··· ··· ······· ····· ··· ·· ···· ··········· ···· ·· ······· ··· 

Transmission Lines Saved $1 ,600,000 $1,600,000 
···· ······ ···· ·· ······· ··· ····· ··· ·· ······ ··· ····· ········· ···· ······· ··· ···· ··· ······ ··· ······ ·········· ·· ··· ·· ····· ··· ··· ······ ······ ···.······ ········· ·· ············· ·· ···· · 

Timber Saved $1,200,000 $3,130,250 
··· ······ ········ ······· ··· ··· ·· ·· ·· ····· ·········· ···· ········· ···· ·· ········ ·········· ·· ····· ···· ········ ···· ····· ·· ······· ········· ···· ··· ··· ·· ······ ······ ··· ····· ······ ··· 

Avoided Sediment for Utilities (water supply) $1,000,000 $1 ,000,000 

Total Benefits $126,430,000 $224,260,250 

Figure ES-3. Total Costs and Benefits for Fuel-Treatments Scenario 
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