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Abstract
Nlana!enrent activities thal ailccr forest herlth and pfoducti!it) arc driven b] social, politicul. aDd ccononric processes. Econonic
feasibiliti is irlporunl in der.rmining the extenr lo $hich various treatments proposed lo improve lbresr health will aclually bc
aplliecl. Tl ee \ociocc(rnomic institLrtions cre.rrc inccntives that are itnpofiant delermiianlsi markets. land uses. and the proccss

ing indLrslry. $c har'e exrensive rnlbrnarion on !inrber markets, rud land uses halc bcen studied at bfoad scales. Thin.ing under
trken lor lincn hcalth improvenent pro!idcs ntostl,v small-diameter and dead matcrial. but mafkets fof products lion small and
derd logs.rrc limitcd. Harle\ting rnd lnanulacluring costs. resource characteistics. and lumber prices influence the way dnbcr is
pfocessed (i.e. \rhrt products are mrde): design of li bcrsale\ (i.e. rnnnrnt and size of ra!r' materials offered ) influence s h:rr! csl
cost. Proces\irg equip cnt that scan\ log\ and proc.sscs thcnr accofding to shape crn grcalll improve product field. Decisi|)ll
rools drat incorDor|le thcs. factors into fin.Lncial e!rlualion\ can issi\t in han est irnd o|her trcatrncnt declsions.

lntroduction

For rnuch of the past dccade. different perspec-
tives on the forest health issue havc been acrnou-
edged (see Kolb ct al. 199.1). but in gencral the
al ailable economics literaturc tends towards the
ntil i t: ir ian point of \, ierv. That is, a forest is con-
sidered healthy where biotic md abiotic inlluences
on forests do not threaten management objectiv(]s.
The purpose of this paper is to summarizc and
assess the economic and uli l ization inforrnation
that inf' lucnces both the incentives tbr changes in
forest health rnd procluctivity conditions and our
. 'h i l i t l  to ludge con.c l lu (n \  r \ . , f  \ l r r leg  ie .  to  eope
u'ith natural disturbances. Much ofthis workdeals
with tbrest managenent in eastern Orcgon and
Washington. In thc economics l jterature (as clse-
where) this region goesby narnes such as the Pacilic
Nonhwcst eastside (abbre!irted PNWE) or the
ponderosa pinc subregion.

There  r rc  r  nurnbcr  o l  tn ln lgemenl  r r  I i \  i l i e .
done to improve fbrest health such as the use of
prescribed fir e, commercial and noncommercial
thinning. introduction of insccl predators, erl ldi-
cation or control of invasive spccics. fire supples-
sion. urgulatc hclbivory. use of pberomoncs to
manage insect populations. and insect and dis-
ease suppression. Many of these are treated not

in an economic sensc bul ratherin financial terms
such as ninimizirg treatment costs or detemin
ing the number of acres to be treated subject to
budget l imitations. Only a small subset of thcse
activit ies has been teated in economics resealch.
In this paper we will focus mostly on thinning
and harvcsting with sone treatment ol grazing
as part of stand management regines. Much of
thc discussiol will use exanrples liorr public tint
berlands, but many of the results are equa)ly ap-
plicable to the private sector.

Economic lncentives that Drive Changes
in Forest Health and Productivity (FH&P)
Conditions and Treatments

Three types ol socioeconomic institutions creatc
inccntives that are jmportant determinants of
changes in FH&P: markets, land uses. and the
processing industn'. Local, regional. national, and
international markets tbr tbrcst products deter
mine the t)pes and quantity of materi l that can
be readily harvested without subsidies. The For-
est Service has a long history of markct assess
ments that have in thc pasl 25 years focused 0n
the e\olution ofharvest, resource conditions. and
product production (see Haynes 1990. Haynes et
al. 1995). There is also cxtcnsiye inforuation about
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linrber m;rrkets in the PNWE. Uniforrnlv defined
stumpage pnces are continuous fiom 1932. ln
general. snwtimber stunpage prices have increased
1.03% per year in real terms (scc Haynes 1998
for the 1973 to 1996 data). Recenrly, however.
growlh in sawtimberpriccs has slowed. and therc
continue to be diflerences in the trcnds for saw-
timbcr and chip log prices (sec Figure l: Haynes
1999). Firure I also shows the volati l i ty in rim
bcr martets whele it is notuDcomtnon lor snrmpage
prices to doublc or fall by half over a period as
shon as 2 ycars. Such rapid changes introducc
nearly equivalent changes in harvest votumcs and
arca disturbed by harvest.

The second type ofeconorric activitv that drives
change '  in  I  H&Pcont l i t iuns  i .eh . tng ing  l rnd  u .e ,
among timbe and acres. especirLlly on private tim-
berlands wltere these changes mask thlec under-
lying issues: changes in land use. type transition
I b l l o u i r r p  h a r r t . 1 .  a n d . h i t t .  i n  I n a n  g e m c n t  i n
Lcnlrtles on private timberlands. These issues have
becn studied at broader scalcs (ecorcgion and
higher) and are surnmarized byAlig et al. '  Some
of these findings arc applicable at lou'er spatial
scales. especially those that relate to privale land
owner behar.ior

The third type of incentive is change in the
mix, efficiency. capacitv. and sparial distribution
ol the forest products itdustry as a function of

the expected prolitability of converting stump-
age into forest products. For the PNWE. ntuch is
known about the fbrest product industries. the
functional economies in which they operate. and
the polcntial lbr rnarket fbrces to resolvc tbrest
health issues. Much of this infonnation is col
lected and compiled for various assessncnt ef
fofts such as thosc done as part of the Resource
Planning Act (see Haynes et al. 1995) and the
reccnt Interior Colunlbia Basin Ecosvstem Man-
ugcntcn t  Pro . ;ce l  rsee  Ha)ne.  lnJ  Homc 1907. ;
Other market-related information is reportcd on
a regular basis bv Warren (1999) and in rhe peri-
odic mill surueys done 1br cach statc (see Ward
el al. 1998). As Figure 2 shows. the nunber of
sawmills in castem Oregon (and Washington) has
declined dramatically since l98li. This affects thc
economic feasibil i ty of uti l izing small trces by
increasing the transponation cost in those arcas
that are now fufther from a sawntill than they uscd
to be.

Much of this information can be summarized
quickly as shown in T ble I (f iom Haynes er al.
1995). In absolute tenns, timberharvests for PNWE
peaked atjust under 700 million cubic t-eer (rougl y
6 7. ofrotal US softwood har.vest) in rhe late 1980s.
But in relative terms. the region peaked a decade
earlier. and since then most industry expansion
has come in othcr US regions. especially in the

Figurc I stumpage Prices lor sarvlogs and chip logs have becn subject to ride swings and hale fecentb convergcd (Halncs
1999).
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South. Table I also shows a steady shilt among
landorvners. each \\,ith a di1l'erent propensit)' for
harvest. Among U.S. regions. the PNWE has the
highest dependence on public harvcst. and reduc-
tion in Niit ional Forest harvest since 1993 has
dinrinished the iDdustrial base. ln terms of the
mix of products. Iumber and structural piinels
dominate production in the PNWE and lead to
stumpage markets that lbcus mostlv on sawlogs.

Thele are somc broad inferences that can be
drawn from this quick summaqr. First, the forest
products industn is in declinc in the PNWE, raising
concens about the demand for most types of
stumpage. Second, l irritcd product diversity wil l
lilit the opportuni(y fbr non-traditional material
(small, dead logs). and as a result the potential
for markets to aicl in the solution of forest health
issues is in decline.

Effects on Economic Factors of FH&P
Treatments

Land managers have an array ofmanagement tools
for alteling stand conditions. Often. however. in
eastside lbrcst types the lower stumpage values
and lower inherent productivitv makes the cost
efficiency of nanagemcnt practices especially
imponant. Reducing costs early in rotatrons rs es-
pecil l l l  imporrant in md,ing rnrnrgcrnenl regime.
linancially feasible. Olhcr altemative management
re i i rne .  rha t  io r rh i r re  n r lu r i r l  regenera t ion .  un

gulate herbivory. and firc can improve the finan-
cial lcasibility of stand management (scc Weigand
et ;1 .  l  90 . r  fo t  a  more  corn le te  d i ' .  u ' . io r t r .

A  te r  ng  Stand Cond t ions

From an opcrations standpoilt there are lwo ap-
proaches to altering stand conditions as part of
lbrest health ffeatments. Onc involves non har'
vest activit ics to reduce stocking levels or to alter
stand structures. The feasibilitv of this approach
is determined b1' available budgets and involvcs
slashing and olten pil ing snall matcrial. In the
USDAForest Service. Pacil ic Northwest Region
(Region 6). this was budgctcd at $86 per acre in
FY98. and its expectedjob creation is 1 persot-
year of employmcnt per 500 acres treated (USDA
and USDI 2000). A second approach inrolves using
timber sales to remove material that can be pro
cessed into wood products including chips lbr fuel
and pulp. The economic lcasibil i ty of haNest
activit ies fbr public or private lands is dctermined
b1 th ree  de . ign  l ' c r tu r ( . :  lh (  t )  pe  o i  logg ing  . r . -
tem that can be used (o1ien specified fbr iederal
sales as a function of topography and sitc condi-
tions): volume ofmaterial removcd per acre: lrnd
the size of material renroved. The choice of thc
logging systen has a large inpact on the poten-
tial economic t'easibility. Cable systems gcncr-
iilly have highercosts than ground-based systens.
Figure 3 compares the costs ofharvcsting with a

tr cut to hnglh ffi cable logging
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cable system and a cut-tolength foru,ender sys-
tcm. Figure 3 also shous ho$' the sizc of mate
rial affects logging costs. These higher costs make
small log sales ditTicult. Rclated to size is vof
unre lcmoved per acre. Figure 4 shou's thc scnsi-
tivity of haNest costs (assuming a cut to length
lbrwarder !)stcnl) lo volume removed. It shows
thal costs increase at an increasing ratc at har
vests of less than about 1000 CF pel acre. A sig-
nificant inlplicalior'r of these cost relations is that
thinning strictly from bclow will generally have
lowcr l lnancial feasibil i ty. while thc small nate
rial is generally of good quality for products, the
lesulting srlaller average tree size wil l increase
logging costs and the smallcr average log size will
increase manufacluring costs.In some cases thin-
ning lrom across a rvider range ofdiameter classes
rvil l  nrrke thc clif l trence between flnancial leasi-
bil i ty and financial inf casibil iLl.

U t  l i za t lon

Therc iuc cxtensive studies that comparc thc vol
ume and value recovery olproducts manufactured
tr-om clead lrccs (Emst et al. 1986)r kil led by l irc
(Will i ts and Sanrpson. 1988, Lowell and Cahil l
1996). or insects (Fahey et al. 19ii6; Will i ts et al.
l990: Scott et al. 1996; Parl 'et al. 1996; Lowell
and Will i ts. 1998: Lowell, fu press.). Many fac
tors influence rute ofdetcrioratioD including, but
not limited to. trcc species and characteristics (e.g.

b;nkthickness, sapwood depth ), diametel and local
site conditions (Lowell et al. 1992).

A decrease in both volume and vaiue recov-
ery (depending on end use) is not uncommon af:
ter as little as I year-a result of sap rot. weather
checking, stain. and insect bore holes. Losses in
r olume lecovery are often insignificant in the first
vear fbllowing death if lumber or pulp is being
produced. Value toss after I ycar may be signifi
cant in species susceptible to blue-stain or if logs
have a high proportion ofweathercheck that causcs
splits or decreascs the width ofboards recovered.
Sn.raller trees and tops of larger trl]es, where the
bark is thinncr.lend to weathercheck more rerdily.
Veneer production losses are more sensitive, with
both volume and value losses l iom recently dcad
matedal (l yeuorlcss). primarily aresult ofcheck-
ing. Pulp as an end use is lcss al'fected.

In subscquent years, losses increase dramati-
c . r l l l  l s  . rp  ru t  Je \  e lon . .  n lo i \ lu re  con l i l l ue5  lo
be lost from trees or logs. aod insect damagc in-
creases. Additional losses may be attributed to
breakage during harr"e stin g, especially as thc time
since death increases.

The utilization of small-diameter timber from
castem Washington and eastern Orcgon is closely
tied to log yaluc. so factors thatinfluence log value
also influence the ability ofmanufncturcrs to utilize
the material. Two major factofs are hanestirg costs

Figure,l. H.Lr\est cost perccfiicrcascs a! lor\ volunres per acre becausc iixcd costs are spread ovef less \olulne. ard variablc

cosi\ increase rts lhe l !cl dinince beNeen hrflested lrees incrcasc\.
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and lurnber prices. The way timbcr sales are de-
sigred and the rules under which thev are inplc-
mented can alf'ect han est costs. The price oflumbcr
is determined by tactors outside the control of
landowners in eastern Washington and Oregon.

Volumc recovcry for lumber ano veneer de-
clines rapidly in all spccies wheu block diarreter
drops below about 8 inches. The industry in east-
ern Washingbn and Oregon is slowly adapting
to processing smalfdiameter matedal. Ch4)s. lum-
ber, and velecr are the trrajor product categories,
trut posts and poles or other small roundwood
products are also manufactured. Stem shape and
straightness as factors in detemtinirg tolume re-
coverv fron matcrial are more inpoflant for this
r i ze  tangc  than l , ' r  I t rFer  log \ .  Proccr . ing  cqu ip .
n]e nt that scans logs for shape then processes them
accordingly. and br-eakdo\,'n strategics that mini
mize block length can greatly improvc recovery.
Two examples are curve sawing for lumber. and
technologies l ike COE Equipmenl's pedect Edge
system that uses a proprietary gluing technology
to Join t$'o 4-foot venecr sheels into an 8 foot
shect.

Grade recovcry is highly species dependent
and is also related to nanagement history. Small-
diameter Douglar-11r. larch, and lodgepole pine
grorvn in denscly stocked stands yields lumber
and vcneer with structural propefiies as good or
better than larger diameter material grown undcr
morc open conditions. The structural chtractcr_
istics of small-diameter trees from thesc specics
that were gro$'n under open conditions such as
plantations tend to be int'erior to oldcr, Iarger
nntc r ia l .  Srnu l  l  -d i , rmctc r  pon, - l c rosr  p ine  .e , . . rns
to haYe inferior sffLrctural and appearance char._
acterlslics regardless of stand historl.

Costs and Benefits of FH&p Treatnnents

We often see strtements madc assening thal policy
makers have an interest in the costs and benefits
offorest health treatmenls. But benefits offorest
health treatmenls are ol'ten dillicult to cluantify.
More typically va ous proxies such asjobs, t im
bcr volumes. and returns to treasury are used as
thc beDefit measure. The shil i to broader goals
for ecosystem managentcnt has incleased the in-
tercst tn broader arays of bencfits derived from
forests. but tltc work thus l'ar has mostly deall
u ith rclutirelr htoitJ hnd\cJpe manrgement ir.ue.
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(see Bolon and others 1995 andHaynes and Home
I 997). Although the perceivcd environmental value
of these tleatments increases thc motivation or
deslre to treal stands. it has little or no effect on
Lhe economic f'easibility of the treatments unless
there is a wil l ingness to subsidizc treatments.

There is rescarch that addresses the cost of
dit lerent types oftreatmenls (see Ince and others
198,+ or Hartsough and othcrs 200l). Land man-
agers also have extcnsive experience in using
operatronal practices both in terms of budgeting
and contracting, and there is a renewed interest
in variations of service contracts on public lands.
The treatment cost data helps determine the f'ea
sibil i ty of different approaches. including the
amount of material that needs to bc remot ed tn
order to be economically feasible. In terms of
assessing the economic benelits of forest health
treitments, we are limited to proxies such as job
effects for economic well-being or cflects on se-
lected communities for somc ofthe concems about
social well-being.

Given the number of acres or volume to bc
treated, job numbers can be computed. We can
assume I person yearofemploymentper 500 acres
treated where thc activities do not include timber
hal\esl. Where there is timber volume removcd
we cirn assume 4 person years of employment
per milJion board fect harvcsted (see Haynes and
Crone 2001.1. Thesejob numbers servc as a proxv
for effects on economic well-being. In recent clis-
cussions about restoratiol'l, concerns nave Decn
raised about focusingjob creation in specific conr-
mun i t ie :  o l  p lccc  or  anr , ,ng  rpec i f i c  iommuni -
ties of interest.

Among th(] cost and bencfit inlbrmation avail_
able is rcsearch that deals with the duai issues of
community stabil ity and economic well_being.
While the definit ion of community stabil ity is
problematic (see Rich;rdson 1996), much is nou,
known about communitv issues (see McCool et
al. l997) and community condirions (see Reyna
1998). As parr of the Interior Columbia Basin
Ecosystem Management Project, Haynes and
Home (1999) devcloped county-based measures
of socioeconomic resiliency to help f'ederal land
managers gauge the longer,tenn effects ofchanges
in land management. Measures l ike this can be
used to show the relative effects of ditlerent res_
toration stralegies.



Decision-Support Tools, Thresholds

Various dccision suppofi tools exist b assist land
managers and policy makcrs evaluate thinning and
haNest as a rneans to improve forcsts: thlee are
particularly rclcvant. First, the development and
application of the FEEMA softwarc (Financial
Evaluation of Ecosystem ManagementActivities
fFight and Chmclik 1998]) is most relevant to
disturbance processes. The FEEMA software is
designed to addrcss the feasibility ofrnanagernent
activit ies involving removal of small trees either
in densc single-storied stands or as an undcrslor)'
component ir multi-storicd stands. Understand-
ing the financial fcasibil i ty of a wide range of
management options is cit ical to undcrstanding
the feasibility of implementing ecosystem man-
agemenr.

Second. timber quality studics have established
that the propefiies of small diameter nraterial are
acceptable and sometimes superior for most con-
ventional products. The crucial issue fbr llnan-
cial teasibil i ty is the cost of harvest ancl manu-
lactudng opentions involving small trees. This
intbrmation is also a crucial input to the applica-
tion of the FEEMA modcl. There have been a
numbcr olstudies whose goal was to improve our
ab i l i t l  to  p reJ ic t  co : l '  o f  h  \es l ing  opera t ion :
and manufacturing in small-diametcr t imber.
(Wagner et al. 1997, Coulter 1999, Hartsough et
a l .  2001) .

Third, the TAMM/AILAS,4{APAP nrodel ol
the U.S. forest sector (Timbcr Assessment Mar-
ket Moclcl. Aggregate Tirnberland Asscssment
S,vstem, Nonh American Pulp and Paper Model,
see Adams and Haynes 1980, 1996; Mills and
Kincaid 1992. Zhang et al. 1996) provides a tool
for broad-scale decisions. Forest sector nodels
(FSM) include the consideration of all aspects of
forestry fiom the basic land tenure issues, to har-
vcsting, production, and cursumption decisions,
to considerations of the effects of lbrest policics
on environmental services derived lrom the for
est or forest products. Thc FSM are character-
ized by r systcms view ofthe biological and so-
cioeconornic processes in fbrestry and. in today's
terminology, could be called bioeconomic mod-
e l .  beeau.e  the ;  e , 'mh inc  ho lh  econorn ic  repre-
sent:rt ions of various markets and biophyiscal
rcpresentations. This systems point of view al-
lows us to explorc the biological development of
tbrcst resources and the attendant dynamics of

the lbrest industrl- ov(]r tine and space and under
altcmative futures and man genrent stratcgics. The
basic prernise is that various biological and so-
cioeconomic interactions can bc described or
mimickcd. These models allow the estimation of
both dircct and indi|ect efftcN of various policy/
prograrn changcs.

Closing

Jenkins (1997) has pointed out that lbrest health
is a crisis of human proportions and that the real
c r is i '  i .  thu t  ! {  e  (  Jnno l  rg ree  on  u  h r t  con- t i tu le '
a healthy tbrest. While many would l ike to pro-
lec l  ecos) . lem.  th ru t rgh  regu l r t r , 'n . .  n t rn rg ing
to imprcve the health of forests means that laDd
managcrs need to be keenly aware of what con-
ffibutes to the economic fcasibility olforest man
a8r 'n len l  \ l ra leP ie \ .  Par t  o l  th i .  ru r ten t ' .  i .  un
understanding of the need to wolk rvith the vola-
r i l i r )  inhercnr  in  n rurke l . .  rhe .h i f t i r rg  c rp : re i t r
and capabilities of thc forest products industry.
the vilriabilit_v of site conditicns. and the need to
address concems about social conditions in nearby
communltles.

While recent concerns about Forest Heath ma)
change the perspcctives of forest managers and
policy makers, they do not change thc dclenni-
nunrsol er.unonri,. fca.ihrlrt) ol fore:t operalion..
Forest heath prescriptions that rcly on timber har-
vests have to meet the same st;lndards as those
designed fbr other goals. ln these cases, the cost
ofremoving and delivering timber fiom tleatments
designcd to improve forest health have to be less
than or equal to the priccs for other tin]ber deliv
ered to forcst product facilities unless the public
is wil l ing to subsidize higher costs tbr this matc-
rial.

There are significant infomatiol'r gaps in the
available economic literature. Forenrost, there is
a need to clcarly undelstand the financial feasi-
b r l i t l  o f  p ro .pec t i re  l rnJ  mi rn i r3enrcn l  rcg imcs
including practices, outcomes. and timing. Equall,y
significant we need to develop benet'it measures
ofimproved forest health that are more direct than
relatively indirect proxies l ike enployment. We
also need to develop notions of thc public's wil l
ingncss to pay for forest health trextments that
lead to improvemcnts in stand conditions (often
considered in economic terms) and rnorc dil ' f i-
cult to measure notions l ike sccnic integrity at
landscape sc;ilcs.
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