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Abstract

Forest managemene in many paris of (he urbanizing Southeastern 1LS. is becoming mote difficull due lo fragmentation,
aliernative management objectives, and socinl conflicts with management activities. However, the public bencfits from man-
agement of these areas are sill high. This stwdy compared the productivity and costs of mechanical thianing treamments using
conventional thinning and two alternative thinning approaches in even-aged loblolly ping plantations. The allemaiive realments
remaved more stand basal area and were inténded to promote transition Lo uneven-aged sand management, Production studiss
and cost analyses were completed for conventional, heavy. and strip treatments, The convenuonal rrearmem was a fifth row and
select removals 10 16.m” ha ' residual basal area, The heavy treatment was a fifth row and select removals 1o 9 m? ha™' residual

- basal area, Thestrip treatment included a conventional thinning fraatmem with al.emating reserve and.clearcul siripsesiablished - -

on the conteur, The resulting residual basal avea was 11.5 m” ha™'. The alternative ireatments provided substantially lower coss
and higher residual values (51103 m ™) in the 4 ha stands but smaller ad vaniages in § and |2 ha stands. The dilference from lower
harves. cosis for the altemalive meawnenls may enable landowners to anraet interest in small acreage sales than resull from
fragmentalion,

Cunv:rsion ol rural lands fo urhan uses expands the in-  quality stands, low product value and potendially high lans-
terface betwesn human population and rmral land, wrmed the portaion cost further limil gross income from a harvest, Other
Wildland Urban Inierface {WUL) {Nowicki 2001 ), The condi-  harvesting prablems typical of the WUl inciude stand access,
tions at the WUI limil opportunities for management (Cordel] log wansportation issues, and conllicts with neighbors, all of
and Macie 2002) which may be requited to mitigate potential

forest health problems (Bolding et al. 2003). Across the south- o ooy, Research Asst AR Pro
eastern U5, prowth near population centers is expected to EhE anfiors S, TeRpedivery, AR, pamoume

convert forestland to urban uses ar‘ni increase fragmentation of Efﬁ:;: ﬁﬁ::ggﬂr{;fﬁﬂ;ﬁ' Df:: .ﬁ;ﬁﬁ?}%?:;ﬂgjﬂfﬁfﬁiﬁ
nearby forestland (Wear and Greis 2002). smidimii@auburn.edy; Joewenstein@aubum, cdu); Research Soil

Mainlaining active management in fra ted fo 4 Science, USDA Forest Servics;, Aubum University, Auburn, Ala-
& men e bama (eacarter@ils. fed, us), and Associate Professor, Department of

quircs syslems that arz socially acceptable and economicaily : p gt :

i ; 3 Bigsystemns Engincering, Auburn University, Aubum, Alabama
feasible, Small Pan_:::] SIZCs Increase harvest cosis becauss {mdﬁ,. mi"“bumg%fu ). Funding for Thisypmjml was provided
fixed costs are distributed across less volume {Cubbage el al. by the USDA Forest Service, Southemn Research Station. In addition,
1989, Kinredge etal. 1996, Greene et al. 1997). Logging con-  we acknowledge the support of Alabama Power Company and the

\raciors also have greater apporiunily cost since | 5ix logging crews who allowed us to study their operations. This
ErEHEr app ¥ smce. lhey spend paper was received for publication in March 2007, Article No, F0330.

MROIC time moving between harvesis and less ime logging. L0 o e Membe
harkcing high value products is also mare dilficult since @Fgﬂt pmdz.;;:s Eoc;l; 2007, ;
there may nol be suflicienl quaniity. Fram thinnings and poor Forest Prod. J. 57(11);:33-38,
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which are likely lo increase harvesi

Table 1. — Stand characlenistics for continuous liming study of convenlionat {Conv.,) and

cos18 and further reduce the social  heavy freaiments,
and economic feasibility of (he op- == TR -
eralion, _ Srand Tica Pulpwood N5 Baspl area
Comisilinaal mockasical thit Sile  age Treatrent _F'.I"m,-; wiplume valume volume Pre-harvest ‘ P‘ﬂ.!l-hlh?l
ning practices in even-aged pine W) dmd e - el s
planiations in the sootheastern US. ! L Linrry. "o &1} a " e s
l:rrpim”y cambine remmoval UrE'I-I'EI'_‘]' 2 d Cany. 1§49 oar 97 3 Adn 170
third, fourth, or Gfih row with lhin- 3 I Caonv. 1681 @I o3 7 e 149
ning from below Lo some specified a 1] Hemy 138 00 95 s 246 8.5
residual basal arez in the remaining 5 14 Mexvy 183 4l o3 7 3.4 10
sand, Continued even-aped man- 4 1] Heany g11 022 a ST 343 10.2

agemenl may defer, but will nat
avoid (e significant visval impac
from the even|ual sand regenerating clearcul. One potential
aliermavve 1o reduce the visuel impacis of even-aged regen-
eralion metheds would be to promote a transilion 1o uncven-
aged mixed siands by implemending atypical thinning re-
gimes. A by-produet of these allermalive irestmendts i 21 in-
crease in the wree size and mmoval inwensicy that may increase
the cconomic feasibility of ihese operalions.

The overall gaal of this study was to enamine the harves:
cost and residual value {delivered value minus harvest costs)
from lhe iypical wreamment and 1wo allemalive Ireaumems in
young loblelly pine (Pinus toeda) stands thal will eventoally
iead (o uneven-aged sland conversion. The aliemaiives con-
sidered here nclude 2 heavy thiming =nd strip removal 10
promole recruimment of another age class within the stand. Al-
though product markets, harvesting sysiems, and costs are dy-
namic, inereasmy the commercial etractiversss of these har-
vests Ls an imporant first step in implementing oeatments,

The specific objectives of this stody were 1p; 1) generate
production models for the skidder and the feller-buncher;
2) compare harvesting productivity and costs of two alema-
live reatments (o conventional thinning; and 3) evaluaie
changes in residual value with respect o reatment, siand
Lype, and stand size,

Material and merhods

Treatments

The conventional ihinning (conventional) is a fifih row re-
moval and a thin from halnw n[‘:h: remaining rows 1o a tarpst
residual basal area of [6 m* ha ™', The haavy thinning (heavy)
requires the same row removal and a more inlensive removal
I'mm the remaining rows o o largel residua) basal area af
9 m?ha ™. The sirip treatment { sirip) creates corridors or simps
wilhin Ihe siand 1hal are criented along the conlour and ap-
proximately 14 m wide. Leave sirips betwesn the removal
sirips are 36 m wide and are thinned using 1he conveniional
thinning methed. The strip placement and dimensions could
be armanged to obscure view of the cul arcas and exact dimen-
siong would be determaned by mow and mee Epll:ing. Across
the strip wreaimenl, the targe! basal area was [ 1.5 m” ha™'.

Productlon study

Production datz were collected on six harvests across Lhe
Piedmonl and upper coastal plain regions of Alabama, Geor-
gia, and Mississippi (Table I} The selzciion of ihe harvest-
ing sites was hased an thinning weatment. bun limited 1o the
fellowing conditions: even-aged loblolly pine ptama-
tion, wheeled feller-buncher/skidderknucklcboom Inader
systems; firsy thinning: and gerule lerrain with avcrage
slope = 10 percent.

=

Harvest sives (Table 1) wers sampled to describe pre and
postharves stand conditions. On gach site we locmed 10 poini
samples (14 BAF prism {English)) 50 m apen atong randor
azimuths before and afer the harvese Classification as chip
and saw (CNS) considered DBH greaier than 25-cm, siem
quality (defecis, fodks, swoep or crook), and merchantable

height (7.5 m o 8 |5 em top dib). Trees with DBH =25 cm
that did not meey specificanions for CNS and all wrees wilh
DBH 19 o 24 cm were classilicd as pulpwossl,

All sin sites were harvesied by crews ulilizing similar har-
vesting systems composed of ane wheeled feller-buncher, one
wheeled grapple skidder, one knuckleboom loader with a
pull-through delimber, and three or four crew members. The
feller-buncher cut the trees and placed multiple foll rees ina
bunch. The bunches were skidded to the deck area, where the
trecs were delimbed and topped by the loader and sorted as
pulpwocd or CNE,

Gross lime study daw were collecied by obzervation of the
operation for one 10 3 days.on each site. Gross fime study data
categorics followed those [rom Mivata et al. (1981).

Cycles from whe skidder and ihe Feller-buncher were col-
lecred using 3 video camera system (nsids the machine cabin,
The eamera was focused on the grapple in the skidder and the
felling head on the feller-buncher. Video was recorded with a
digital B-mam recordes attathed 10 the operator's szal. The vid-
e0s were replayed, and the cycles and elements recorded and
time caleulsted fram (he sime stzmp on the 1ape. The wtal
cycle limes was summed lrom the elemenlal time,

The skidder aciivities were recorded [or sample penods of
1.5 hours unii] approximalely 50 skidder cycles were recorded
on esch site. Five elements weare defined for the skidder el-
emental analysis (travel empty, grapple and load, travel
loaded, delays, and delimbing time—when applied). The
round-trip cycle distance was oblained vsing a Garmin GPS
12XL equipped with a remote antenna. Average bunch size
{number of stems per bunch) was estimated from gross pro-
ducton data.

A feller-buncher cyele included the machine traveling to a
tree(s), grabbing and cutting the tree(s), traveling back to the
skid trail, and swinging and placing the tree(s). A cycle ended
and started with the swing and place element, About 30 feller-
buncher cycles were recorded on each site, 15 in the row re-
moval and 15 from the selection cut in the residual rows,

Thie analyscs of the cycle lime daia involved graphical and
slatistical tools 1o identify trends ol wial eycle times with in-
dependent variables, Dummy vanable echmiques were used
1o examine differsnces in qualitative conditions. Siepwise
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Table 2. — Shidder production sfixdy verables and regression model from stepwise
selection {p & 0.15).

considered Lo be » pood representa-
Lign of first thinmng condilions in
the Southeast LS. The "high" sile
was a deferred (irst thinning with
lower depsily, higher volumec per
tree, and consequently n lacger vol-
ume of CNS, sive | in Table 1.

Stand sizes ol 4, B, and 12 ba were
selected for the analysis because the

- Manie Definition

Yariablea Tn Doy wariable for reatmond
5 Dreritohy wvarable for logging site (i = | 12 6)
EMinees Average number of Irecs/unch (daily averago)
Chstance Tl round-Lrip skid drzance for @ cyele (m)
T Inicraciicm cdigancs = T
DisnEMree Intericiion disemce * SMirees
Diisi, Intcraction dizlance = sl

bl
(0.0FE3 « Drstd, + 00477 = DigE,

Fouglue = S5.4: p—vllu: < {LpM1; R'HI:I 4% n =297, M3E - 0905

Cyele qzoe) = 171,834 + (17 « Cistanes + 0,0016 = DizrSMiress + 00058 4 Disls, v

vesl majoriny of he privae Torest
ownerships in the Southem 1.5, are
less (han 20 ha {49 acres) (Birch
1997}, Assumptions for generaling
the distribution of round-1rip skid

Table 3. — Fellerbuncier production siudy vanables amd mgmsmhn maodef Irom siep-

wise salection fp = 0.15).

distances included square shaped
stands with a single landing locatcd
in lhe middle of one side.

]

. M _ Dafmition

Variable Tn Crurnmy variablzs for ireatmend
5, Crwmimy variable for bogang site (i = | w4}
FMrrees Mumiber ol irces cul in a cyele
DBH Avpeage sate DRI fom)
Method Dummy varable oy o vs, selection fliing
FHrecss, [nieTmction Fitess ® site

bodel Cyele {soey = 15411 + D456 = Meflund + 6938 « FMiress 15784 « FNirecsS, — 09811 »

FMeceess, = 22441 ¢ FMireesS, + 07905 # Flmeecs, + 04388 ¥ FMIreess,
F-rgius = 353, T, povabee < 00001 £% = 0.66, n = 195; M5E = 324

The sysiem tha: was modeled con-
sisted of 1thmee machines and opcra-
lors, one wheeled [eller-buncher,
onc wheeled grapple skidder, and
one knuekleboom loader with a pull-
through delimber wilhoul gae de-
limbing. Machine productivicy was
estimaied psing (he total cycle time
equations (or the skidder and the
feller-buncher, System productivity
was dewermined by the Limiting ma-

————

Table 4. — Machting cos! assumptions and after iax cost cal-
cufatfons fnfl'he first yearn!madma owpership.

Ekfddh-.r Fellr-buncher  Laader

Purcliie price 151 155,361 20, 115810
Ectmmmnic Tl [years) f £ i
Sheduled machine houes

[ Hv ) 2000 My 20
Inerance {% el machine valec) ] & f
Silvage value (%4 of punchase) s} 20 20
Frange barneTin % of [abor mic) 30 L] 30
Dizrcem rane (%) 1 7 7
Finaneo 4 PR (%) 7 7 7
Marginal tax rale %) 25 25 43
Lnlcmnian rake {%) Ell 0 T
Labor et (RSMH) (afier i) 1795 1795 1795
Fixal eoa £3/ShH) fafer Lax) 17.85 1913 1.0
Viariahle com (RSMH) (nfier ax) 21,80 21.26 |6.17

selection techmgue { p-value = 0.15) identified signilicam
variables from the lis: in Tables 2 and 3 for the skidder and
leller-buncher, respeclively. Stalistical Apalysis Sysicm
(3AS System for Windows VB2 1995 1o 2001 ) was used 1o
perfonm Lhe analyses.

System productivity and cost analysis

To conduct the producliviry and cost analysis we selected
three harvesuing siies as examples of the mege ol applicable
conditrons, The “low” produciivity siv was a high densily
plantation with low volume per tree, site 2 in Table 1. The
“medium” sile had density similar 0 the low site bul with a
higher volume per iree, aile 5 o Table 1. These two siles were
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china oo & daily basis where the
scheduled maching hours (SMH) of each machine and opera-
tor were the same. The maximum vtilization rates (UR) used
for analysis weve 79 percent and 76 percent for the feller-
buncher and the skidder, respectively. The equations derived
fronn ihe production sindy delermined cycle tines where the
values of the sive interaclions were 0. Loader/delimizer pro-
du:twtly wes estimaled from the gross produetion daea a1 30
m* SMH™' and was not 2 limning faclor in production,

To delermine leller-buncher productivity the analysis
specified the proponion of the diameter distribinion removed
and the proportion of rees harvesied from removed ows vs,
the residual stand. [r the convendaonal and heavy reaiments,
remaved rows accountad Tor ihe harvest of 20 percent of Lrees
across all DBH classes. Additional trecs were removed from
smaller DBH classes until the sespeciive largel basal acsas of
16 and & m® ha™' were achieved. [n (he stip teatmenl, re-
moved rows accounted (or the harvest ol 40 percent ol irees
acrmss all DBH classes for the sinips and thioughout the re-
sidual stand (60%) mees were removed fiom smaller DBH
classes. The larger residual basal area for the sig meaiment
[mc]udmg both strips and the residual stand) was 11.5 m*
ha™'. Trees per cycle (FMirces) were determined from ob-
smad data and volume per cycle was calculated from tree
size informalion from the sile.

To determine skidder productivity we sampled from the
dismribution of skid distances {E¥stance), including shon and
long distances in each of the study sites; so hourly productiv-
ity would be even as the harvest progressed. Trees per skidder
cycle (SNirees) were based on observed data. Average vol-
ume per tree was estimated from the site data. The distrbution
of round-trip skid distances generated average skidding pro-
ductivity (cycles per productive machine hours (PMH)). The

as




Table 5. — Skidder produciivity estimates (i PMH) lor ireaiment, sité (low, mediam,

and high), and sland size (4, 8, and 12 hal.

at the mill was assumead to be $25.00
m~ for pulpwood and $33.00 m ™

Cotventional i‘kl\’, . ;{' ranNS,
el L L 4 8 B 8 2 Results and discussion
Site
Production study
Lew 214 EL 155 A WA 172 WY T8 175 : .
Medium D4 W7 177 258 119 96 354 325 193 Shepeits atl_tc:l-:m ofioial pAsces
High NE 2 B0 276 WS  We 1 2 gy cycle lime without the delimbing
e : . ‘ = : = and delay elements retumed the

Tatle 6, — Fallor-bincher productivily eslimalas (i PMH-') for lrestment and sile.
Average produclivily is ihe weighted average from row and selection components de-

fermingd by tha traanment.

squalion n Teble 2. The model is
typical of previous resulis, where
iravel me inereased with higher
skid distance (Tufis e al, 1988, Lan-
== {ord and Stokes 1996, Kluender el

Conventional Heavy

Selection  Resww  Average  Sefecion  Row  Average  Selection

Strip al. 1%97). Tolal skid distance and the

Row Awemge interaclion of skid distance and the

Sile
Low 36
hledium 21
4.5

M6
410
i16

36l
156
481

nr
ita
513

ity
EXA ]
o

25.5
HE
454

averape number ol trees per bunch
were prominent in the towl cycle
1ime model, No ireamment effect was
indicated by the sclected model for
1otal cyele 1ime, bul sile 2ot was

26
384
5.7

FYR
A0z
56,8

ibb
sy
474

i Py e w8 iy, el 1T g

—————

Hemy g

Figure 1. — Low sfle residual valises (S m™7) Jor the 4, B,
and 12 ha slands for the conventional, heavy, and sirip
lreatmants.,

production rate was calculated lrom cycles per PMH, average
volume per tree, and observed lrees per cycle.

Hourly cosls were estimated using an aller-iax cash Now
method (Tufls and Mills 1982). The method was incorporated
inta a spreadsheet developed by Tufis (unpublished), Cesi as-
sumplions and the annual cquivalent cost of year | are in
Tahle 4,

Moving and transporation costs were added io logging
coss, Moving cost relemed ro the cost ol moving the harvesi-
ing crew and equipment to the harvest site, and includes direct
cosis for moving equipment and labor ime. and indirect cosis
of losl equipment operaion and operstional overhead costs
during 1he move. Moving coses were 8 M afier x mite of
$1,725 per move and covered the cxpense required 10 move an
average distance of 50 km (Gresnc ef al. 1988). For wood
rangporaion an after 1ax rate of $3.58 m™ was used,

Twenty-seven scenarios resubied (rom 3 treatments, 3 sites,
ang 3 stand gizes, Average gross revenue, logping cost, and
residual value (S m™, § stand ™, and S ha ') were calculaled
for each combinetion. Gross revenus or the value of the wood
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indicaied by he inleraction with
skid distance in 50 percent of the study siies. Significance of
iRleraction terms may sugges! differences due 1o sysiem
bottlenecks, machine operalar, site, Or some combination.

Stepwise selecdon variables and (wo-way interaclions lor
feller-buncher eyele without delay retemed 1he equation in
Tahle 3, The model indicates that sclection Wiinning took
more time than thinning the removal row which is consistem
with previous results (Greene et al, 1987, Lanford and Stokes
1996). Cycle time also increased as the number of trees cut in
acycle increased. No treatment effect (heavy or conventional)
was indicated by the analysis. Significant interactions were
present between the principal continuous variable (FNtrees)
and most sites. Agam interactions may indicate differences
duc to the system bottlenecks, machine operatar, the site, or
some combinalian.

Systern productivity and cost analysis

The skidder productivity estimales are summarized
Table 5. Skidder productivity decreases wilh inercasing stand
size because of the longer assumed skid diswance. Using a
single landing and landing placement for all stand sizes ad-
dresses likely restrictions in harvest planning, esiablished
landling areas, and no allocation of road building cogis in
mave-in costs. Increased tree size was responsible lor produc-
Uvily increasing fram low to medium o high sites. Larger
wees meant fewer wrees, larger volume per bunch, and conse-
quenily [ewer bunches per cycle which reduced eycle time
and increased productivily,

The feller-buncher produciivity was greaes: {or the stnp
ireatment due to the higher productivity of the row removal
and the greater percentage of the site volume removed in rows
{Table 6). Also, the larger average volume per tree increased
productivity within the medivm and high sites. In all scenarios
skidding limited hourly or daily production, and the feller-
buncher and the loader were not fully utilized. There is a fairly
wide range in feller-buncher productivily and 3 namower
range for the skidder.

Residual value was calculmed as wial deliversd value mi-
nus total harvesting cost. Residual value would include imber
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Figurs 3 — High site residyal values (§ m*) for the 4, 8, and
12 ha stands for e conventional, heavy. and sinp
fraafmants.

Figure 2. - Madium site rasiduat values ($ m™) for the 4, 8,
and 12 ha stands for the conventipnal, heavy, and sirp
freatments,

Table 7. — Tote! volumre emoved and residual sland value and residual valiie per heclare for all scanarios.

Yolhuns removed Residusl valoe )
Site Sizx Conv. My Swwp  Comv,  Mesvy Swip  Conv. Heawy Swip Conv. Heswy  Smp
tha) R e LI 1110 [ — SENNRY . § | Tr— RSN { 1 S—— warweceo(S stand pooccaan
Liowe . 14e 08 456 7.5 947 L &40 1228 (][ 2559 4912 4408
B 656 1016 912 &7 10,36 1035 758 1115 1180 w6 | L3523 G2
|2 1044 1524 16k 7.86 .42 4,19 G4 1194 WHT A204 14351 12568
Avemge {m? ha™'y &7 127 114
Beckivm 4 488 fi5d E04 9.58 132 11.34 1206 1937 12 4823 TR0 G248
A o7 1308 1208 10,74 1220 11.9) 1310 03T, 1E02 10483 L6296 ladls
12 1444 004 1817 097 1040 1.2 1217 1905 171 14601 355 204008
Avirage (m® ha ") 122 167 141 ;
High q 248 4 4 334 1166 L1.tH &l 1253 1118 1a0) 5412 4473
] 576 48 B0 1047 12,77 1234 754 1481 1286 6012 ilB47 15051
12 Ba4 1392 200 ule 1235 1212 4 1424 1202 8775 7048 14349
_ Average o' ha ") 1 I 100 .

SR

buyer and logper profil, lopger overhead, mdﬂmﬂptge Witk
the low site the residual valus increased $1 1o 2 m 7 when
comparng he conventional reatment o the heavy and patch
treatment {Flg. 1). The larger szands resulted in higher residual
value, Residual valug in the 12 hy sand was adversely ef
fected by Jower skidding productivity in spite of lower per
unit mave-in costs, Wilh the medium site the relationships are
similar bui the residual values averall are nearly 52 m higher
than the' low site (Fig. 2). The higher residual valug is due 1o
higher producliviy and lower move-in cost fram greater vol-
ume per heciare, The high siie showed (he largest efTec due to
reatment (Fle. 3). The delivered volue was nearly §1 m™?

than the low and medium with the incrensed amount of
CNS. Within the high silc lhe residua! value increased 52 10
3 m™ when comparing (he conventional trealmenl 1o the
heavy snd surip ireamentz. Most of the ireatmen: dilferences
wert again due to lower volume per unit move-in costs. Be-
cause the high site was l=ss dense, incremental increases in
volume removal had greater impact on costs. High skidding
produclivity due io bigzer bunch volume yiclded nearly
equivalent residual value for 8 and 12 ha stands,

Table 7 shows volume rersoval and revende on & swnd and
per hectare basis. One objective ofthess allamative preseriptions
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was (o increase (he revenue and financial ancactivensss of
smaller harvesis typical an the WUL The stand residual valus
ol 52400 o 32600 for the low and high, 4 ha siies would not
likely cover the logger sk and pay a minimal smpage value.
The incremental increase in volume per hectarc within the
medium site is enough to improve residual value 1 over 34300

The difference in values berween the heavy and sidip ireac
rent reflect the mose intense removal in 1he heavy treatmen.
This dilTerence could be easily namowed by changing Lhe pa-
rameters on g strip lrentments (2.8, wider suips or heavier
thinning in leave strips). The increased felling prodoctiviry in
the strips provided minimal benefiv since skidding Jisnited
produciion.

Conclusions

We anglyzed altemative icatments lor the harvesting of
small lablolly pm plantations 21 (he Wildland Urban Inlcr-
face {WU1) using (Clly mechanized commercial thinning
Consideration in selection of aliemarive methods was given lo
harvesimg productivicy, economics, assthetics. and pracical
concerns For long verm stand managemenl ab the WUL
Skidder productivity limited system peoductiviyy oo ali
combinations. Productivity of the skidder was alTected by
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skid distance (stand size) and tree size. Feller-buncher pro-
ductivity increased as row removal was increased in the sinp
treatment. Overall, the heavy and the strip treatments resulted
in similar residual value. Treatment differences were preatest
in the smallest stand size (4 ha) where the difference in vol-
ume removed resulted in an increase of up 1o $3.20 m™ in
residual value,

In summary, the results of this study suggest that there isa
potential for landowners and land managers to benefit from
alternative thinning treatments. The additional income may
make harvesting more available to landowners and attractive
to buyers. From the aesthetic and long term management per-
spectives, these treatments may be suitable to land managers
at the WUI. The continuous tree cover aspect of the heavy and
strip treatments may result in less visual impact. However, the
decision to implement & treatment depends primarily on the
landowner objectives. If the altemative treatments proposed
here satisfy the objectives they could play an important role in
marketing small stands,
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