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Abstract

Forest management in many paris of the urhanizing Southeastern 1S, is becoming mote difficull due lo fragmentahion,
aliemnative management objectives, and socinl conflicts with management activities. However, the public bencfits from man-
agement of these areas are sill high. This swdy compared the productivity and costs of mechanical thinning treaments using
conventional thinning and two alternative thinning approaches in even-aged loblolly pine plantations. The allemaiive realments
remaoved more stand basal area and were intended to promote transition Lo uneven-aged #and management. Production studiss
and cost analyses were completed for conventional, heavy. and strip trealments. The convenuonal rrearmem was a filth row and
select removals 1o 16.m” ha ' residual basal area, The heavy treatment was a fifth row and select removals 1o 9 m? ha™' residual

_ basal area. The strip treatment included a conventional thinning freaiment with aliemating reserve and.clearcul stripsesizblished -

on the contour, The resulting residual basal area was 11.5 m” ha™'. The alternative reatments provided substantially lower cosg
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 meawnents may enable landowners to anraet interest in small acreage sales than resull from
fragmentalion,

quality stands, low product value and potentially high lrans-
portation cast Further limil pross incomce from a harvest. Other
harvesting prablems typical of the WU inciude stand access,
log wansporation issues, and conllicts with neighbors, all of

Cunv:rsion of rural lands to urhan uses expands the in-
terface between human papulation and rural land, wermed the
Wildland Urban Inierface {WUL) (Mowicki 20011, The condi-
tions at the WU limil opportunities for management (Cordel]
and Macie 2002) which may be requited to mitigate potential
forest health problems (Bolding et al. 2003). Across the south-
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eastern U5, prowth near population centers is expected to
convent forestland to urban uses and increase fragmentation of
nearby forestland (Wear and Greis 2002).

Mainlaining active managemem in fragmentcd Forests re-
quircs syslems that arz socially acceptable and economicaily
feasible, Small parcel sizes increase harvest cosls hecause
Mixed costs are distributed across less volume (Cubbage o1 al.
1932, Kinredge etal. 1996, Greens et al. 1997). Logging con-
tr2c10rs also have greaer apponlunity cost since Lhey spend
morc fme moving between harvests and lass bime logging,
Markcung high value products is also more dilficult since
there may nol be suflicienl quaniity. Fram thinnings and poor
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which are likely lo increasc harves!

Table 1. — Stand characleristics for continueus Biming study of convenlional (Conv. ) amd

costs and furlher reduce the sacial  heavy freaimants, - .
and economic Teasibility of the op- = ==
cralion. Sand Trec Pulpwond M5 Basnl arca -
. . . Sie  age Trewment Trees  wglume wolume volume  Pre-harvesl  Past-haricsl
Comventional mechanical thin- = — - = S
i : i ; 'y im') LI ETTE LS [l R EEREEEEE
ning practices in even-aged pine
plantations in the southeastern U.S, ! If Cany, nez ol 81 18 W4 142
1:,rpma||}r cambine removal ol svery z 14 Cany. 1549 a7 97 b A6 170
third, fourth, or Gfih row with lhin- 3 1K Conv. 1683 a1 o1 7 436 149
ning from below Lo some specilied  a 11 Hoavy 1218 o 45 LS 124 8.5
residual basal area in Lthe remaining 5 14 Heavy 1934 1l o3 7 38 1
siand, Cominued cven-aped man- s 5 Heavy g11 022 3 57 342 10.2

agemenl may defer, but will nal
avoid the significant visual impac
from the evenlual s@nd regeneraling clearcul. One potential
allernative 1o reduce the visusl impacis ol even-aged regen-
eraion methods would be to promote 4 ransilion 1o uneven-
aged mixed slands by implemendng atypical thinning re-
gimes. A by-praduet of these allernalive 1realments I8 an in-
crease in the tree size and removal inensicy thay may increase
the cconomic feasibility ol these operalions.

The overall goal of this sludy was Lo enamine the harvest
cosl and residual value {delivered value minus harvest costs)
from lhe (ypical ireatment and o allenalive Ireaumeams in
young loblally pine (Pinus faeda) stands thal will eventually
lead io uneven-aped sland conwversion. The allzmaiives con-
sidered here include a hezvy thinning and stip emoval 10
promole recruimment of another age ¢lass within the sfand. Al-
though product markes, harvesting systems, and costs are dy-
namic, inerezsmg the commerciel adrectiveress ol these har-
vests is an impor=nl frst step in implementing oeatments.

The specific objectives of this shndy wers 10; 1) generale
production models for (he skidder and the feller-buncher;
1) compare harvesling productivily and costs of two alierna-
live reatments W conventional thinning: and 3) evaluale
changes in residual value with cespect w realntent, siand
Lype, and srand size,

Material and methods

Treatments

The conventional ihinning [conventional) is a fifth row re-
moval and m (hin from below olthe remaining rows 1o a targel
residual basal area of 16 m® ha™', The heavy thinning (heavy)
requeres the samc row removal and a more inwensive removal
from the remaining rows Lo a targel residual basal area of
9 m?ha ! The slrip treatment { sirip) creates corridors or sitips
wilhin the siand 1hatl are orent=d along the contour and ap-
proximately 14 m wide. Leave sitips bevwesn (he removal
sirips are 36 m wide and are thinned using 1he convenlional
thinning methed. The strip placement and dimensions conld
be amanged 1o ohscure view ol the cul arcas and exact dimen-
gions would be defermined by mw and reg spacing. Across
the strip weawment, the targel basal area was 115 m” ha™,

Productlon study

Production data were collected on six harvests across Lhe
Piedmont and upper coastal plain regions of Alatama, Geor-
wia, and Misgiszippi (Table 1} The selection of the harvest-
ing sites was hased on thinning Lreatment. bu limited 1o Lhe
following conditions: even-aged loblolly pine plama-
tion: wheeled feller-buncher/skidderfknuckicboom loader
gysiems; first thinoing: and genile lerrain with averape
slope = {0 percent.

=

Harvest sites (Table 1) were sampled to describe pre and
postharves! stand conditions. On each site we locmed 10 painl
samples (1 BAF prism {Englizh)) 50 m apan atong random
azimuths before and after the harvess. Classification as chip
and saw {CWS) considered DBH greawer han 25-cm, suem
quality (defects, Tocks, sweep or crook), and merchantable
height (7.5 mi0 8 L5 cm top dib). Trees with DBH >25 cm
thar did not meet specifications far CNS and all rees wilh
DBH 19 o 24 cm were classificd as pulpwood.

All six sites were harvested by crews uiilizing similar har-
vesting systems composed of one wheeled feller-buncher, ane
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 full trees in &
bunch. The bunches were skidded to the deck area, where the
trees were delimbed and topped by the loader and sorted as
pulpwocd or CNE,

Gross lime study daa were collecied by observation of the
operation for one 10 3 days.an each site, Grozs time study data
categorics follawed those from Mivata et al. (1981,

Cycles from the skidder and the leller-buncher were enl-
lected using 3 video camera system inside the machine cabin,
The camera was foeuscd on the grapple in the skidder and he
felling head on the feller-buncher. Video was recorded with a
digial B-mm recorder attached 10 the aperator’s seal. The vid-
eas were replayed, and the cycles and elements recorded and
time caleulated from the rime stamp on the 1ape. The wial
cycle lime was summed lrom the elemenlal lime.

The skidder aclivities were recorded for sample pericds of
1.5 hours unli] approximalely 50 skidder cycles were recorded
on each sile. Five elements were defined for the skidder ¢l-
emental analysis (travel empty, grapple and load, travel
loaded, delays, and delimbing time—when applied). The
round-trip cycle distance was oblained using a Garmin GPS
12XL equipped with a remote antenna. Average bunch size
{number of stems per bunch) was estimated from gross pro-
duction dala.

A feller-buncher cycle 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 clement. About 30 feller-
buncher cycles were recorded on each site, 15 in the row re-
moval and |5 from the selection ‘cut in the residual rows,

The analyscs of the cycle lime daia involved graphical and
slatistical tools 1o idepify rends alwotal cycle limes with in-
dependent variables. Dummy varable wechniques were used
1o examine difTersnces in qualitative coaditions, Stepwise
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Table 2. — Skidder production slixdy verables and regression maodel from slepwise
selection {p & 0.15).

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

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

- Mane De:finition

Variablea Tn Doy “ariable for treatment
5 Druritohy wvorable Tor logging site (= | 126)
EMinees Average number of Irecs/unch (daily averango)
Crstance Tl round-Lrip skid drzance for @ eyele {m)
Mg Tr Inizraciiem chdance = Tn
DianEMree Intericiion disemca * SMirees
DiusLs, Interaction dizlance = sile

haube|
0.0FE3 « DrsaS, + 0 b4TT = DigE,

Fouglue = 5540 pevnlue = 0001 R'Hﬂd? n =297 M3E = |00

Cyele qzoe) = 171,904 + (179 « Cistanee + 0,0016 = DigriMiress + 00058 o Disis, v

vesl majority of he privae forest
ownerships in the Southem 1.5, are
less than 20 ha {49 acres] (Birch
1997}, Assumplions for gencraling
the distribution of round-irip skid

Table 3. — Feller-buncher prodisction study vanables znd regrassion modef from siep-

wise salection fp = @.15).

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

=

L Miw Definition

Variable Tn Crurnmy variable fm lrmum:nl
g, Cramimy variable foo logaing aite (i = | w4}
FMiraes Mumber ol irces cul in & cyele
DBH Avpegge sate DRI (om)
Kethod Dummy varabde oy row vs, selection fliing
FHrecss, [niermction Fitress ® site

Model Cyele fuee) = 15417 + 2,456 # betlund + 76908 = FWirems v 15784 = FMireesS, - 09811

FMeceess, = 22441 « FMireesS, + 07905 ® Flmeacs, + 04328 W FMIresss,
F-ugius = 353, T, p-value < 00001 £% = 066, » = 195; M5E = 324

The sysiem tha: was modeled con-
sisted of 1three machines and opera-
lors, one wheeled [eller-buncher,
onc wheeled grapple skidder, and
one knuekleboom loader with 2 pull-
through delimber wilhoul gae de-
limbing. Machine productivicy was
estimaled psing (he lotal cycle time
equations lor the skidder and the
feller-buncher, Sysiem productivity
was dewermined by the Limiting ma-

Table 4. — Machtin cos! assumptions and after ax cost cal-
cufalfons fnfl'he fiest yearn!madma owpership.

Skfddu Fellor-buncher  Laader

Purcliie prrce (5] 195,361 2rd, 15816
Ectmmmnic il [years) i} 3 i
Seheduled machine houes

[ Hv ) 2000 (R 2000
Inerance {% elfmachine vales) /] & [
Salvape value (%4 of punchase) 20 20 il
Frange baneTin % of [abor mie) k] L] 30
Dizrcemd rame (%) 1 7 T
Finmneo 4 PR (%) 7 7 7
Marginal tax rale (%) 25 25 Fh
Lnlczmran rate {%) El 0 T
Labor e (RSMH) (afier i) 1755 17,95 1795
Fisar coat {3/SMH) (after Lax) 17.85 913 1.0
Variahle ceem (B5MH] (ofler ax) 1180 11.26 16,17

selection technique {p-value = 0.15) identified sipnilicam
variables from the lis: in Tables 2 and 3 for the skidder and
leller-buncher, respeclively. Sialislical Apalysis Sysicm
(3AS System for Windows VB2 1999 e 2001 ) was used 1o
perform Lhe analyses.

System productivity and cost analysis

To conduct the producliviry and cost analysis we selected
three harvesuing siies as examples of the mnge ol applicable
conditrons, The “low” produciivity siv was a high densily
plantation with low volume per iree, site 2 in Table 1. The
“medium” sile had density similar 0 the low site bul with a
hipgher volume periree, aile 5 in Table 1, Theze two siles were
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china oo & daily basis whers the
scheduled maching hours (SMH) of each machinz and opera-
tor were the samme. The maximum vilization 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. Loades/delimirer pro-
du:twtly wes estimaled from the gross produelion daea a1 30
m* SMH™' and was not a limiing faclor in production.

To delermine leller-buncher productivity the analysis
specified the proporion of the diameter distribinion removed
and the proportion of irees harvesied from removed mows vs.,
the residual stand. IR e convendaonal and heavy meaiments,
remaved rows accounted Tor ihe harvest of 20 percent of Lrees
across all DBH classes. Additional rees were emaved from
smaller DBH classes until the sespeciive largel basal aceas of
16 and & m® ha™' were achieved. [n the swip treatmenl, re-
moved rows accounted (or the harvest ol 40 percent ol rees
across all DBH classes for the sirips and thioughout the re-
sidual stand (60%) mees were removed fiom smaller DBH
classes. The larger residual basal area for the sing meaiment
[mc]udmg both strips and the residual stand) was 11.5 m*
ha™'. Trees per cycle (FMirces) were determined from ab-
smad dats and volume per cycle was calculated from tree
size informalion from the sile.

To determine skidder productivity we sampied from the
distribution 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 distribution
of round-trip skid distances generated average skidding pro-
ductivity (cycles per productive machine hours (PMH)), The




Table 5. — Skidder produclivity estimateas {0 PAMH-") for ireatmonl, sile (low, madium,

and high), and sland siza (4, 8, and 12 ha}.

at the nill was assumed 1o be 525.00
m™ For pulpwood and $33.00 m™

Convetiional o i-l::l-.-y.__ - sip [opr CHS.
Suand size fa) 2 - = i L s G 12 Results and discussion
o Production srudy
an' = e i - - 72 o - L3 Siepwise selection of Loial skidder
-l = = A . 196 14 S 1M weole time without the delimbing
= 2 L L > Ll 4 24l W& and delay elements returned the

Table 6. — Fallar-buncher productivily asfimalas {m® PMH-') for treatment and sile.
Average praduciivily is the weighted gvarage from row and sefection components de-

terrmined by e traaiment.

equalion m Table 2. The model is
rypical of previous resulis, where
imvel ime increased with higher
skid distarnce (Tufis e al, 1988, Lan-
—we= {prd and Slokes 1996, Khmnder el

Conventional L He

Strip al. 1997). Tolal skid distance and the

Selection  Row  Average  Ssfeclion

Average  Belerfion  Row

Avempe interaclion of skid dislance and the

Sl

W6
4.0
iTh

b
e
313

irs
kTN
20,4

25.5 FL v
.5 135
A5 4 18.1

b
3zt
41.5

i md jwmn
High

averape number al trees per bunch
were prominent in the tal cycle
time model, Mo treatment effect was
ipdicated by the sefected model for
total ¢yele time, bul site elfect was

246
3B.4
51,7

26.6 I
Jd.y 40.2
474 56.8
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Howy I irip

H Timbirriarn

Figura 7. — Low sile residual values (8 m™7} for the 4, B,
arngd 12 he slands for the conventionsl, heavy, and siip
Ireatments.,

production rate was caleulated [rom eycles per PMH, sverage
volume per ree, and observed lrees per cycle.

Hourly ¢osls were estimated using an aller-iax cash low
method [ Tufis and Mills 1982). The method was incorporated
into a spreadsheet developed by Tufis (unpublished), Cosi as-
sumplions and the annual equivalent cost of year | are in
Tahle 4,

boving and lransponation costs were added 1o logging
coss, Moving cost refemed o the cost ol moving Lhe harvesi-
ing crew and equipment b the harvest site, and includes direct
cosls for moving equipment and labot time. and indirect cosis
of losl equipment operaiion and operational overhead cosls
during the move. Moving costs were B Nau afier 1ax ralg of
%1,725 permove and covercd the expense required 10 mave an
average distance of 50 km (CGrezne el al. 1988). For wood
irangponalion an after rax rate of $3.58 m™ was used.

Twenlhy-seven seenanas resulted (fom 3 Lreatments, 3 siles,
and 3 stand siges, Average gross revenue, logping cosl, and:
residual value (5 m™, § stand ™, and S ha ') were calculated
lar each combinetion. Gross revenus or the value ol the wood

indicaied by he inlermcuon wich
skid distance in 50 percent of the srudy sies, Significance of
inleraction lerms may sugeesl differences due o sysiem
bettlenecks, machine operalor, site, or some combination.

Siepwise selecdon vanables ard (wo-way inferaclions lor
feller-buncher cyele withoul delay retwrned 1he equation n
‘Tahle 3, The model indicates thal scleclion thinning took
more time than thimming (he removel tow which is consistem
with previous results (Greene etal, 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. Apain interactions may indicate differences
due to the system bottlenecks, machine operator, the sile, Or
sume combinalian.

System productivity and cost analysis

The skidder productivity estimales are summarized im
Table 5. Skidder productivity decreases with incroasing 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, eswablished
landing areas, and no allocation of road building cosis in
rove-in costs. Increased tree size was cesponsible lor produc-
lvily increasing fram low 1o medium 1o high sites. Larger
wrees meanl [ewer uees, larger volume per bunch, and conse-
quenuly [ewer bunches per cycle which reduced cycle time
and increased productivily.

The feller-buncher productivily was greawest for the strip
treatment due to the higher productivity of the row removal
and the greater percentage of the site volume removed m rows
{Table 6). Also, the larger average volume per tree increased
productivity within the medium and high sites. Inall sceparios
skidding limited hourly or daily production, and the fel!en
buticher and the loader were not fully utilized. There is a fairly
wide range in [eller-buncher productivily and @ namower
range for the skidder.

Residual value was calculaied as wizl delivered value mi-
nus total harvesting cost, Residual value would include iimber
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== B2 =+ i hy =—=17 ha
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Cortrmndiond ) Hawey S
T i rraral”
Figura 2. ~— Madium site regidual values (§ mm2) for the 4, 8,
and 12 hs slands for the copvenlional, heavy, and sinp
ireatmens.

Table 7. — Tota! volurme removed amd regidual stand value and residual valiie par heclare for all scanarios.

== d k= 'l a==12ha

Heawy Aip
Traamme=s,

Camreeyrnal

l'-l'r:gum & — High site residual values (§ m ) for the 4, 8, and
12 ha stands for the conveniional, heavy. and sirp
freeatmants.

wolume removed Resichuz] value

Saee Size Com, Heiny Sinp C-umr Floavy gmip Ceny, Hoawy Slrip Cunv, Heavy Smp
fha) e (' gtand 'pomiee s [ TR — cacaneaaih o weee--={S slamd Theaseann
Low . e S04 455 735 05T 0 G &4 1228 ] 2559 5|2 4404
& £ 1016 912 8.71 10,36 1335 758 1715 1130 i | L3523 B2
|2 1044 1524 1268 756 2.4z 9,19 G4 1194 IHT 204 L4331 12368

Averge {m? ha'y &7 127 114
Meckivm 4 488 58 04 H.E8 132 1.4 1206 1937 1712 4823 782D d248
& o7e 131A 1208 .74 13 2 11.53 1310 2037, 1832 10481 LE296 ladls
12 1444 004 1512 097 1140 1126 1217 19035 1 14601 2HS5T 20408

AVETagE (m® ha "y 122 167 1451
Higl: q pLY: P A 134 1166 LI.tA il 1353 I 2an| ]2 4473
] 574 G2 B 147 12,77 1238 15d 1411 118 0312 11E47 15051
12 St | 392 L0 10,18 12.25 12.12 M 14925 1212 3175 1048 14549

_Average  tm'ha'y 1 16 100

buyer and lopeer profil, lopger overhead, and siumpage. With
the low sire 1he residual value increased 31 fo 2 m ' when
comparing the conventional treatment Lo the heavy and patch
treatment (Flp. 1]. The larger stands resulied in higher residual
value, Residual value in ihe 12 ha sand was adversely ef-
[ected by Jower skidding productivity in spite of lower per
unit move-in costs, Wilh the medium site the relationships are
similar bui the residual values averzll are nearly 52 m~ higher
than the' low site (Fig. 2). The higher residual value is dus 10
higher productivicy and lower move-in cost from greater vol-
ume per heciare, The high siie showed the largest efTec due o
reatment (Flg. 3). The delivered velue was nearly §1 m’
grealer than the low and medium with the increased amount of
CNE. Wilhir the high sile lhe residual value increaszed $2 10
1 m™ when comparing the convenlional treatmenl to 1he
heavy srd sirip Ireaments. Most of the ireatmen: dilferences
were again due to lower volume per unit move-in costs. Be-
czuse the high site was less dense, incremental increases in
valume removal had greater impaci on costs. High skidding
productivily due I bigger bumch volume yiclded nearly
exquivalent residual value for B and 12 ha stands,

Tuble 7 shows volums reroval and revenue on 2 sand and
per hectare basiz. One objecti ve of these allarmalive preseriprions
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was (o increase ihe revenue and financial atcactiveness of
smaller harvesis typical ar the WUL The stand residual value
of 52400 to 32600 for the low and high, 4 ha siies would not
{ikely cover the lagger risk and pay a minimal srumpage value.
The incremenlal increase in volume per heclarc within the
medium site is enouph to improve residual value 10 over 34300,

The difference in values berween the heavy and sidp ireac
raent refiect the more imense removal in The heavy treatment.
This dilTerence could be sasily nammowed by changing Lhe pa-
rameters on e strip lreatments (e.g., wider suips or heavier
thinning in leave sirips). The increased felling productivity in
the sirips provided minimal benefit since skidding lisnited
production.

Conclusions

We analyzed aliemative ircatmenls (or the harvesting of
small loblolly pine plantations au the Wildland Urban Inler-
face {WUI1) using iully mechanized commercial thinning
Consideration in selection of alemarive methods was given bo
harvesiing produclivicy, economics, assthetics. and pracucal
concerns for long term siand mansgement at the WUL
Skidder produclivily limited system productivity on all
combinations. Productivity of the skidder was alTecled by

ar




skid distance (stand size) and tree size. Feller-buncher pro-
ductivity increased as row removal was increased in the strip
treatment. Overall, the heavy and the strip treatments resulted
in similar residual value. Treatment differences were priatest
in the smallest stand size (4 ha) where the difference in vol-
ume rermoved resulted in an increase of up to $3.20 m ™ in
residual value,

In summary, the results of this study suggest that there is a
potential for landowners and land managers to benefit from
alternative thinning treatments, The additional income My
make harvesting mare available lo 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 resilt in less visual impact. However, the
decision to implement a treatment depends primarily on the
landowner objectives. If the alternative treatments proposed
here satisfy the objectives they could play an important role in
marketing small stapds, .
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