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Abstract
Churosequen.es oi n(lbeds resultirg from precomnrercial thinning and blowdorr in Douglas fir $ere neasured usnig standard
lLrel inventon lerhriques. Non iinear len.\t squares regressions aere fitied lo the rcsuhins data. Resuhs confirmed that precornmi:r-
(ial thinnng slash loscs hal{ its origiral loading and depth wirhin trvo years. By conrparison with published rcsults, the sane change
in sinilar fuelbeds iI ponderosa pnre ules l5 yeas. Foliage dentjon on twigs a.d branches was ril afri:r one year conparcd
lo ponderosa pir. shich relained fifiv pcrcent or more of iLs foLiage for at leasL rhre veds_

Changes in blotdoun lirels mirror those in slash. excepr that mrc material is presenL initia t-. Fine fuels lless rhan three inches
in diamdet {aI ro baclg.ound lerels wirhir tuo ro lour rem. L*ge fuels pcrsist longer ud decav more slowlv hur ev.ntualh melt anav-

Sourd L,ss become rotreD !li.ir abour 80 lears. l'indings of this studv orroborate sinilar lindings bv orhers. rarnrlr rhat fire
hazdd ni pre.otumcrci.l thnuing slash is satisfactori\ abatcd a{ter three r-ears: abatement is sinilar in blowdoiln bur fu.l deprh
r n d  l a r g "  t - " 1  , , . r . n s -  d " c r " a , e  , , , , , , ,  - t o s t \ .

Introduction

Forest managers cons;der the slash left on-site
follorving pre-commercial thinning and other har-
vcsting operations a potential fire hazard. Like$ise,
these managers perceive that blowdown Douglas-
f ir  (Pvudnl 'uga nenzic"i i t  stands .on-t i tute a
similar but longerJasting fire hazard. They do not.
however. know how long this hazard persists. If
they did. thev could make more cost effectir.c deci-
sions concerning slash treatment. hazard assess-
ment prior lo har\.est. fire behavior modelling and
land management planning.

The objectives of this study rvere to develop
estimates of the changes or.er time in luelbed
Ioading and depth in precommerciallv thinned and
blown down 1or,". elevation Douglas-lir stands. The
results pror.ide estimates olthe duration and clecay
ofphvsical fuelbed characteristics in stands ofthis
imporlant commercial spccies. Because fuclbed
char-actedstics stronglv allect firc hazard, the
results can be used to evaluate the changes in fire
hazard over t ime .

Chang . -  i n  f r r e l bed ,  h . r r . r e te r i . t i c -  n !F r  l imc  i n
thinning slash or blo*down can be examincd either
by series of periocl ic cxaminations of one area. or
bv stud,ving a chronosequencc of several areas.
Ideal lv. one lould cstabl ish permanent plots in a
series of units, and return year after year to these
same plots to gather fuelbed data and cornpute

rates of decomposition. Horvever. where time is
limited, only the chronosequence method is prac-
tical. In this method, fuelbeds created at various
times in the past are inventoried more or less
simultaneously, and the results are interpreted as
iI th..ame unit wa: inrentoried in succc-sire year..
Carlton (1980) used a similar approach to estimate
changes in fuelbeds of ponderosa pine slash.

Nluch literature on precommercial thinning in
Douglas-fir exists, but relativelv few workers have
explored precommercial thinning as a source o{
slash. and its expected duration as a frre hazard.
Reukema (1964) in a study oflitter fall in a young
Dougla-s-fir stand concluded that litter fall in stands
is ploporlional to basal area. Thinning. bv remov-
inpl a portion of the existing basal area, reduced
litter fall.

Larvson (1978) studied thinning slash in coastal
Douglas-fir in British Columbia. He observed that
the falling of needles from their twigs after one
winter reduces the expected fre spread almost in
half. He conc.luded that the fire hazard in a thinned
stand would. alier three vears. probably be satis-
facto ly abated for most situations of risk, weather
severity, and fire suppression capabilitv.

I'ahnestock (1968) explored thinning slash in
ponderosa pine in order to determine hot ' f i re be-
havior in the slash rvould change over time. He
found that bv thinning uell-stocked stancls ofpine
to a 3.7 b,v 3.7 m or rvider spacing produces a
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iirel complcx that rates high in ratc of spread for
nt least live vears after cuttin€l. and it woulc] burn
l i th a relat i lelv high inten-r i tv. Thus. in pinc. thin
ning seriouslv increases f ire hazard for about i i le
rears. but in the long run prrcommelcial thinning
greatlv reduces thc r.ulnerabilitv of stands to Iire.

C J r l l o n  I  l ( r l t l r r  s t u , l i ,  ' l  . r  e h r o r r n - e l u . r r ,  '  i n
ponderosa pinc precomrnercial thinning slash and
found that l i rel loarJing took 15 years kr decreasc
by half, and that slash retainecl half its nccdles Ibr
al least thlce vears.

! 'ahnestock (1960) studied the l larnmabil i t ,v of
the logging slash ofr.arious species. He noted that
Douglas-Iil usual)y loscs its foliage the first winter
af ler cutt ing. but exceplions do occur. Fal len
needle. -om.t irn-- furm notieeahle c, 'ntcnlr l l ion!
on the ground. especiallv then supportcd bv ndgs.
Twigs ancl branches lie incrcasinglv flat rvith age.
Bark disintegration is noticeable at the end of tto
to three vrars. but had not plogressed far. He con,
clutled that because slash loses rnost of its foliagc
in the first Ical ibllot'ing cutting. thc flammabilitv
J " " t i ne -  r . r '  - l , , s l r  , r i t e r  t he  t l r - t  r ea r  and  i -  u f
l i t t le conseclucncc by the end of Lhe third vear.

\ i t " r  l i r "  r " n r - .  . 5  1 , - r , r  n l  . , 1  t l r e  t r . i g -  r " r e
retained in their original state. r,rhile the foliage la,v
in dense mats. bound togethel r ith fungal mvcelia
(l 'ahnestocl and Dictcrich 1962). NItrch ot thc
bark on the residue l 'as loose. Thc fuelbeds ex-
amined occupicd 79 percent of their original
volumc and the rate of sprrad of fire in the luels
stuclied had declinecl Lv 82 percent.

Olson and Fahnestock summarized slash de-
teriorat;on (1955). !orvarious species in locations
l iom the northern t ip of Idaho to the Clearwatef
River thel obsened that: fuelbeds compact about
20 to 36 percent during thc f irst year. depending
, , n  r ' h ,  t l r ,  r  t h . r  r r e re  l , , t , t , - , 1 :  r l , i -  , ompJc t i o r l
hastcns decav and reduces flanrmabiJitv: Dougla-"-
fir slash loses all its ncedles alier the first vear;
and f inal lv that the l lnest luels (needles and f ine
tt'igs) disappear rftcr thlee years. bu1 largcr
branchwood persists umtil broLtghl into contact trith
the ground.

In summarv. previor. ls sludies suggcst that l ine
hazard resulting frorn pre<tmmcrcial thinninpl in
Douglas-iir decreascs significantlv in tuo 1o three
years. No quantitatile de-scriptions of such fuels
have been gir,en. ror har.e studie-. of frreibecls
result ing from bloldor,rn heen rcportcd. Quan-
titative measLrres of both t,vpes of firels arc
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necessarr if fire hazard is to be evaluated using
currently available models.

Methods

This studl- l'as conducted in thc Bull Run Water-
-.hed. thirty rni les northeast of Port lancl.  Oregon.
Elelat ion in the area r 'ar ies from 230 m to 1250
rn. Yearly prccipitation irr the area avcra€ies be-
tl'ecn 230 and 4ll0 cm with most lblJing in the
r ' i n l e r  mon t l r . .  Thc  r r c . r  t r p i ea l Jv  e r l ' e r i . nces  I
surnmer drought period during Julv and August.

Tr,o scts of sampling siLes tcre used. One set
of lburteen areas had been precommercially
thinned. The ages of thinning in this set ranged
liom zero years (thinned during the summer o{
1987) to filteen years (thinncd during the summer
ol 1972). The second set of si tes were four areas
that had stands of large trees which had blown
down at various times. Stands containing blorvdown
rcre lbund after extensive field reconnarssance,
review of acrial photographs and maps. and per-
sonal inten'iews with local personnel. Age since
blorvdown ranged from four year-s (blot'n down in
1983) to eightv-one vears (blorvn dorvn in 1906).
Blorr'dorvn ages $erc cletennined from fl.S. Forest
Service and Cit,v of Portland recrrrds {or the area.

Th- -,1'"teJ pfccommefciul rhinning units were
stocked primarilv *ith Douglas-lir. Minor amounts
ol*cstcrn hemlock and western rcdcedar were also
encountered. flnits selected sholed relativelv
h ,n rogcn "o r r .  c \ l : l r - r - , , 1  u r r t r ce ted  - l a -h .  A r .us
{tacent to roads that hacl been chipped were not
sampled.

T$enlv-four plots were svstematical lv located
within cach unit in gricl  fashion. Plot centers rere
generallv established 60 m apart. but lrcre some-
l imcs:rs l i t t le as l l0 or as much as 140 m apart.

T*'o 7.6 m long transe<1s rrcrc laid out perpen-
clicular to each other at the plot cenler. The fimt
was in the rlircction of main lfa\.el bchveen plot
ccntcrs.'l'he second r'r'as at ght angle-s to the first.

Dull  depths $ere mcasuled at 0. i : i  and l .B m
florn plot ccnter. The high particlc height was
measured al 90, J20 and 150 crn frorn the plot
cenler aion€i each tran-"erl. Thc high log height
(mcasurcd lrom ground to thc top oi the log or
s tem)  $ ,as  measu red  a t  1 .5 ,  3 ,  4 .5 .6 .  and  7 .5  m
poinls on the transect. Il lbliage remained on anv
trrig intersecting thc transect. it rvas tallied.
Cenerall,v, foliage intercepts l,er-e counted from
zero to 7.3 m. Ho*'ever, if a large number ol



intersections $ere to be counted, then the length
of the transect $as shorlcned to 60 cm to faciliiale
tallying.

The fuel particle intercepts along thc tlansect
\rere counted into f ive diameter classes: 0 to 0.6
cm;0.6 to 2.54 cm; 2.54 to 7.6 cm: and part icles
larger than 7.6 cm, sound or rotten particles
counted separatelv. Particles in the 0 to 0.6 cm
class were counted along the first meter of the
transect. The intcrcepts for particles in the 2.54
to 7.62 cm class were counted along the first two
meterc of the transect. and inlercepts for both
sound and rotten matedal larger than 7.62 cm in
diameter were measured along the transect out to
7.3 m. Logs and large limbs I'ere counted as ro!
ten if they "gave" or brokc apart when kicked.

The fuel loading for each class $,as estimated
by thc arithmetic mean oI the twenty-foul plot
estimates, lor each of the units of that particrrlar
age that were sampled. Folmulas for conr.erling
par-ticle iDtercept counts to \ceight per unit area
lr,ere taken from Brown (1974).

Similarlv. in the blowdorrn fuelbed. the average
loading by size class rvas computcd by using the
arithmetic mean ofthe plot estimates for each unit
o f  a ; ' a r t i cuL r  aFc  l hJ l  \ J -  - rmp l cd .

The average clufl depth in both the thinning and
blowdorvn slash rvas the arithmetic mean oi the lwo
clepths taken along each transcct. The average high
particle intercept ior bolh t,vpes of slash $as the
ar;thmctic mean of the three inlercepts measured
along each transect, and the average high log in-
tercept lbr both tvpes of slash t'as the arithmetic

iffil":,| 
*. fir.c intelcepts measured along each

Characteristics of Thinning and
Blowdown Slash Fuelbeds

The ranges of data from the thinning slash units
are givcn in Table 1. Ranges of data from the
blorvdo*n units are given in Table 2. A variety of
regression models har.e been suggested in the
literature on deterioration and decav of slash
mr te r i r l - .  Se re la l  - ' r ,  h  m"d ,  l .  . r nd  ra r i an t "  o f
them t'crc applied tc, the data from this study.
Because the agencv that iirnded this studv lequired
the results to be given in English units. the regles-
sion statistics arc so reported in the follol ing tables.
Tables .3 and 5 repo the re€iression statist;cs for
fuelbed loading fol precommercial thinning slash
and blot dotrr lirelbeds. respectir.cly. Tables,1 and
6 repolt the conesponding statistics for fuelbed

depth. Figures I through 6 shorv the trend lines
for these equations. The axis labelling in these
figures has been transformed to feflect the data
in metric units.

T,{BLE r. Thimnrg Slash lllbcrl Dula Ranges

Inimun

6 2.5,1 cn
2.5,1 7.6 cnr

ToLal lucl loading

Duff depth
Hish particle height
Hish los heishr

k.',t

5 .78
8 .51

21.66
8.06
2.29

46.97

2 .8  t
67.8,1
26.02
r5 .39

0.61
I . 2 I
0.67
0.00
0.00
.1.20

0.3r
7.36
t_61
0.89

T\BLE 2.  Blosdohi ,  FuelLe, l  Drra Rans".

0,0.6 . [onneiha)
0 . 6 - 2 . i ; 4 .
2. ;4 ?.6 cm
> 7.6 cm sound
>7.6 (n rot len
'Ln!l lu.l loading

DulT depth (".)
High particle height
Hish log height

. 79  2 .23
3 .65  5 .12
.1.31 16.62
6.3; 583.6

1? .51  29 t . a

191.1 134.4

51 .3  29 .0
134.9 t620.0
169.9 i27.;

Figure 1. 
'l 

r.nd line ol plot averages for fine luel L,ading in
p.ecommercial thinnny slash luelb<ls. Bull Run
studv area, Oregor.

Fine fuei loading in precommcrcial thinning
slash decrea-ses u ilh time since thinning. The initial
rate of chan€{e is high. as one *ould cxpect, and
approaches a sLeady-statc vahre $,ithin a short time
(Figure 1).
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T,{BLE 3. Regression starisrics fron fuels nrvenrory on preconnerr:ial Lhinning slash plins. Equat;on fo.m is
lnading = a + EXP(b + Yean).

Standard Error

T'ISE

0-0.6 cm
0.6-2.34 cn
2.51'7.6 cn

2.6462
2.29s8
0.0224
0.027;

0 . 6 2 1 0
1 . 1 0 7 2
1. l , t l  i l
0 . 1 0 t  2

0 . 5 1 1
LI, l8
7.91t-
1 l92

2 . 1 7
3 . 2 1
l  l 5
o . 2 6

0.:19
0.32
0 .  L0
0.30

0.22
0.34
0.99
0.39

6.76
7 .20
o .22
0.09

Equation: IoarJlng = a + b * Tinre

- 0 .059 0.042,1 0 .17? 0.99 0 .010.06

l,{otc: valu.s ba$d on 12 d.srees of lreedon

TABLE 4. Rcsrcssion stllistics liom fuels jnlenton on pre(ommercial thnrning sloh plots. fuelbed depth. Equation form {or duff is
Dcpth : n + t:XP(b * Tine). Iqualion form for hish particle and high log fuelbed depths is
Depth = a' EIP(b + Tine.1.

1'ISE

Duff
High Particle
High Log

- 0 .362
16 .9
8 .01

0.027
-0 .56

0.08

0.061
4B.B
8.48

0.08r
2.567
l  1 6 8

0.009
0.039
0.051

\orp:  !a1, ," -  br"d or ,  l2 d" . . rc"-  o l  l r " "dom

TABLIi 5. Regression sLatistics f.r lielb.d inlcntory on blowdr,.. slash pkns. Thi: cqullion io.m is
I uli g = a + I:|P(lr * Yea ). crccpt lor lhc >7.62 cft sound class" which s
ItadiLg : a * t:XP(b + Jeon).

Standard Error
Diameter Class

\ ISE

0 0.6 cm
0.6 2.5, t  cni
2.5, t  7.62 cm
> ! ' .62 cm

0.258
o.626
3 .312

1,t6.9
35 .90

0.0008
0.00.1;
0.0396

0.055 L
-0.0568

0 .2 I
0.22
3.,15

0 .73
328

l . t 7
2 . 8 8
1 . 3 4

l ; . , t
; .1, t

0 . 1 3
0.5,1
0.08

5 . 8 9
2 3 . 3

0 .20
o .22
2 .11

0.32
6.99

0 .01
0 .01
0 .52

0 .01
0.01

Note: lalucs bdsed on 12 degrees ol freedom.

TABLE 6. Regresshn stlrisri.s lroo fuels;i!entol or blorvdoro sl.rsh plots- foelbed depth- lquatioo forn for high prrtiiti: and
high log luelbed depths is
D e p t h = a * E I P t b + T ) n e ) .

N{.qE

High Particle

High Log

0 .0157
o.o t27

21.O3
19.,t9

0.64
0.,11

0.28
0 .  t 8

0.01
0.0r

\o ,F .  \Jup-  ba- "J  o  l2  dFs ,pF-  u f  f ,pFdon
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Figure 2. Trend Lrt ol plol ar{i.Ns.is lor hrge ftrel loadnig in

precommercial llinning slash fuelbeds. Bull Run

sndl area. U.(g.n.

l igure 3. Trend hre of piot arerages lbr luc trrrl dcprl ir
p.e.onrnercial thinning slash. Bull Run studv ara.

l r e l -  i n  t h .  >7 .h  ,  r n  r , ,  ch  . r l cgon  \ l p r c
uniformlv sparsc or.cr al l  units sune_'_ed (Figr-rre

2). Onlv forrr o{ iburteen units had anl fucls in th;s
categon at all. ancl thcsc $ere in oldcr unil-q. Thus.
trends for this size class mav be questionablc. But
overall, the tlencls for fucl loatJing in all size classes
of prercmmercial thiruring slash seem rcasonable.

Ncedle persistence in precornmercial thinning
slash t'as mcasurcrl as the numbef of twigs counted
along sarrpl ing intel:epts thich retained dt lc$t
lhree needles per meter of tr-dnsccl.  For currenl
scason slash. necdle persisience averaged l3 nr,ipls
per meter: for I vr olcl slash. it alcraged 0.53 t\rigs
per meter. No needles r,ere obserred in slash oldcr
than I vcar. For al l  pracLical purposes. neecl le
loading can bc assumed to fall to zero hr the start
of the second seasol after thinnin€I.

Du f i  J . p th  i r r ,  r ,  . r - , .  r - r . r duu l l '  i ' \ c r  l i r nc .  a -
one rtould expe(t (Figure 3). Because the data

range stops at 15 vears, the flattening of thc dulf
accumulation cu|\e obser\ed repeatedl-v in
biomass studies is not lcprcsented bv this rnodel.
Had the data included older sites, this flattcning
vould no doubl have been included.

tsoth the high parlicle and high log heights
decrease olcr l i rne. $ith greate-rt rate of change
early on, again as one lould erpcct (Figure 3). The
high particle height drops much more quicldv than
the high log height. luclbcd depth. as measured
by high particle height, falls to fiftv poccnt of its
original r.alue in les-q than lwo vears. Bv contrast.
depth as measurcd b"v high log height does not
decrease 1o fiftr percent of the original depth for
nearh nine veals. This plobab\'rellecls Lhe fapid
breakage of the tuigs and small  branches support-
ing the thinned stems in the first fclv scasons after
thinning. and the rnuch sloler process of stem
decay and failurc of the larger brandres *,hich sup-
port the heavier thinncd stems.

Figures 4 and 5 show the changes in fuelbed
loading in blowdot'n fuels. In thcsc rnodels, the
trends ofloading over time lbr the line luels (0-0.fi

cm through 2.54-7.6 cm classcs) do not fal l  off
as rapidly as those fol precommcrcial thinning
slash, probably because fine mateials in these
species on thc $'est slope of the Cascades deca_,_
rapidly and are essentially gone flom the surface
litter $'ithin thrcc ycar-s. Since the first data point
for the blowdown chronosequence las four vears
since the disturbancc clcnt. the period of nlost
rapid decav had already passed, and is thelefole
r ro l  r ,  f l e ,  t e , l  i n  t \ e  r e - ' r l t i r r g  m , ' de l - .

Thc largc material ()7.6 cnr souncl and )7.6
cm rotten) beha!es as one $'ould cripcct within lhc
rangc ofthc data. T-oading ofsound malerial largef
Lhan 7.6 crn starts high and decleases to a lor\,
value. Loading fol rottcn material lalgel than 7.{r
cm starts low and stavs lo\{ for nearl,v 50 ycars,
thcn begins t{) increase. At the l imit of the data
rangc. this incrcase nearly accounts i)r lhe enl ire
lo-"s of sound material in the ) 7.6 cm size class.

l-uelbcd dcpth as measured both bl high par-
ticie height and ligh iog heiglrt graduallv decreases
(! ' igure 6). Init i t l lv, r lopth as measurecl b,v high
particle height exceed-. that measurcd bv high log
height bv about I2.7 cnr. AL the l imit of the clata
(Bl vears). the tiro measures olluelbed depth con-
re rge .  Th i -  r " l l ec t - -  shn t  hp i , . r l h  l r r pp ,  r r - :  r -  t im ,
passes evcn thc largcst Lrranchcs clecav ancl fall.
lcaving thc logs themselr'es as the highest particle-"
in thc original fuelbed.

Natural Abatement of !'ire Hazarcl in Douglas-fir 145
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2 5 1  -  7  6  c m

0  - 0 6  c m  
\

Figure,l. Trend line of plot arerages fof in(i tu.| loa,lins in bloivdown fLrelbeds. Rull Hur strrdr an.r.

r. .7.6 crn sound -7.6 cm

Figure 5.  Trend lnre oi  q, lot  arcragcs l i , r  urge lueL loadnrg in b londorn fLrel l ,eds- Bl l l  h! , r  s l ,ur  n,er .
0regor.
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Figurc 6. Trr:rrl line oiq,lot arerages for fuelbd rl.prh i. blotrdo$D fuelbeds, BuI Run snrdr arr:a- Oft,sor.

'l'hc 
lariation in duff depth rdth time since

cl isturbance shoi! 'ed no consistenl or iogicaL pat-

tcrn. Nurnerou-q studie-" have sho\rn lhat lransfer

rates of materi . l l  into and out ofthe duff laver de-

pend on more lhan ju-i t  t ime. and so no al lempts
to dcvclop relationships lbr duff clcpth lrere made.

Discussion

The results ol lhis stLrd) should be gencral l l  aJr-
plicablc to lhe r,reslern slope ofthe Cascaclc Nloun-

tains from aboul l\{t. Jeilerson to \'lt. Rainier. and
the westeln Ol-tmpic PeninsLrla. These areas arc
similar in rtinfall and climatic patterns to thc Bull
Run. tnd thrrs shoLrld erhibit  sirni lu t lcnds in

dccav. The r-esLrlt-" rnav also be applicable to the

Oregon Coast R:rnge and soulhcrn Oregon ( ias-

cadcs as r lel l .  brrt  should be applicd with caution.
$nd rr i th prol ision 1or test ing prcdicl ions against
rates of i i relbed deca\.

Fuelbed changes in wcst-slope frecomlnelciaL
thinning slash are rnuch mole rapid than in easL-
slope pondero-.a pine thinning slash (Carlton

l9B0). Fuelbed loading oIf ine fuels clecteased b1
hall in less than trro vcars in the sludv area. while
ponderosa pine fuclbeds lost less than half their

loadinpl or.er a pcriod of 15 vears. The time re'
quired to lose haH the fuel loading in this studl
is more rapicl b,v a lear than that obsen'ed b,v Olson
and Fahnestock (1955) in northcrn Idaho. Fol iage
on slash in this stud,v disappearecl r i thin a,vear.
*hi lc ponderosa pine slash lost onl, l  50 pcrcent
of its ncedlc mass in :l years. This rate of needlc
hrss aEJrees lith that obscrvecl by Fahnestock
(1960) in his study ofthc f lammabil i tv oi logging
slash.

Fuelbetl  depth. rneasufed by high palt icle in-
tcrccpt. clroJrped Lo li0 percent ofthe original value
in les-c than t i lo veals in thc thinning slash in this
studv. *hile a mrresponding changc took l0 vcars
in pondcr-osa pine. This stu. lv substantial lv cor
robdates Lawson's f inding (J978) Lhat f i re hazard
in prccorrmercial thinning slash is -satisfactorilv
abated af ier three r 'ears fol- most si luations of f isk.
$eather sc1'cri lv and f ire s(l lpression capabiJity.

Fuelbed changcs in f ine fuels in bloldotn
sitLralion,( rellect patterns of ch{ngc similar b those
in prcconnelcial thinninpl -slash. except that therc
is trpicall_-v nrorc maLerials b beEfn Nith. Fine lueLs
essentiallv fall to backgrouncl lcvcls in l\ro lo four
veals. Lalgcr (2.5:t-7.6 cm diameter) branch
rnatefials and 1000-hr fuels persist for longcr-
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periocls and decav more slol lv. but eventual lv
'rnelt' at'av. This agrecs tith obser-vations of lire-
killed timbcr by Kimmev (1 955). in California. and
Ilasham (1957). in Ontal io. Forcst managers [car-
the cont bution of Llotclown krg,. to 6." h""".U.
This studr su€{ge-rts thiil lhe cotr\,ersion ot sounct
1000-hr'  lucls to lotten 1000-hr i i rels is a gr.udual
process lhat nears complel ion in about 80 vears
under condit iols l ike thosc found in the Bull  l lun
studv alea-

' fhe 
re-qults of this strrdv should enhance Lhc

rlrrality of decisions fcgarding treatrnent and abate-
rnenl altcrnative-r in silvicultural slash and blou-
down arcas in the Northt'est. Hol,ever. r$ $itit anv
studl of l imited scope, the reslLlts should be ap-
pJied with caution, and l ith plovision for-crntinued
testing againsl obsened orndi l ions.
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