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ABSTRACT

We evaluated potential interactions ofstand type, harvesting method, and equipment
inan experiment using interactive simulation. We examined three felling methods (chain
saw, feller-buncher, harvester) and two extraction methods (grapple skidder and for-
warder) performing clearcuts, sheltenvood cuts, and single-tree selection cuts in both an
uneven-aged natural stand and zn even-aged planted stand. Elementai time, distance
traveled, travel intensity, and hourly productivity were estimated for each combination
of stand type, harvesting method, apd equipment. This technique provides a useful tool

for comparing alternative systems in a range of harvesting situations.

Forest managers must consider the
interactions of stand, harvest, and ma-
chine factors when selecting effective
harvesting systems. These decisions are
often difficult given the range of equip-
ment available and the desire to use new
harvesting schemes without field data on
such interactions. Factors such as the tree
size removed, initial and residual stand
density, harvesting prescription, equip-
ment dimensions, and operation methods
can each affect the production and cost of
a system.

Many researchers (20,2 1,25,32-34)
have reported on the productivity and
profitability of individual harvesting ma-
chines. The majority of these works ad-
dressed a single harvest method. Fewer
reports are available that examined com-
parisons and interactions of harvesting
systems (23,24,26,27). Such side-by-
side field comparisons identify differ-
ences in harvesting systems. However,
fidd dudies are handicapped by the diffi-
culty and/or cost of replicating experi-
ments over a variety of conditions. In
addition, some influencing factors such
& bunch sze ae more difficult to control
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in the woods. Computer simulation com-
bined with a limited amount of field data
overcomes many ofthese shortcomings.
Many harvesting simulation programs
have been developed since 1960. Goulet
et a. (15- 17) summarized the models
available through 1980. Most of the
models developed up to that time were
deterministic, numerical simulation pro-
grams (1,5,29,36). The Harvesting Analy-
sis Technique (3 1) was perhaps the most
widely used of the programs in this cate-
gory. None of the programs developed
during this time period displayed results
in graphical form or obtained user input
in graphical form duc to the computer
hardware widely available at the time.

Since 1980, harvesting simulation pro-
grams have largely been developed on
personal computer platforms and in-
creasingly use graphical modes for both
real rime user input and reporting Of re-
sults. Garbini et a. (14) used numericai
sirnulation with graphical animation to
illustrate material movement and ma-
chine activities in continuous simulation
of alog merchandiser. In another deci-
sion simulator application, graphical ani-
mation and numerical data were used to
make log bucking decisions (28). Fridley
et al. (I 1, 13) and Fridley and Jorgensen
(10) reported the use of graphical interac-
tive smulation for studying the design of
swing-to-tree feller-bunchers used for
thinning. Their program was used to
identify the effect of various design pa-
rameters on feller-buncher performance
during thinning (12). An interactive
simulation program for modeling feller-
bunchers was devel oped by Greene and
Lanford (18, 19) to examine the effects of
stand and operating factors on the pro-
ductivity of a smdl felle-buncher in sec-
ond thinning operations. They also found
variability between simulation operators
but it did not appear to afect the utility of
interactive simulation (22). Block and
Fridley (3) described a three-dimen-
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puter graphics simulation of a feller-
buncher. The program allowed the user to
vary physical parameters of the feller-
buncher that would affect its perform-
ance in the woods. Baumgras et al. (2)
presented a simulation model to estimate
stump-to-truck production rates and mul-
tiproduct yields for conventional ground-
based timber harvesting systems in Ap-
palachian hardwood stands. A method of
estimating tree damage was also ad-
dressed in conjunction with an interac-
tive machine simulation program that
could model harvesting performance in a
variety of silvicultural operations (6).
OBJECTIVES

Our study used interactive computer
simulation in a designed experiment to
identify and evaluate the interactions of
stand conditicns, harvest prescriptions,
and harvesting machines on the produc-
tivity and ste impacts of havedting dlter-
natives. We specifically examined:

1. Distance traveled per harvested
tree, time per tree, and felling productiv-
ity as affected by tree size and volume per
acre felled, harvest method, and felling
machine type;

2. Extraction distances, times and
volumes per cycle, and extraction pro-
ductivity as affected by bunch size, vol-
ume per acre extracted, harvest method,
and the felling and extraction machine;

3. Travel intensity on the harvested
site as affected by stand, harvest method,
and machine;

4. Relative measures of system pro-
ductivity as affected by the factors just
mentioned.

METHODS anNbD

Data from an intensive experiment us-
ing interactive simulation were used to
examine the interactionsjust listed. The
interactive computer simulation program
used in the experiment was developed by
Wang and Greene (35). Three harvesting
systems (chain saw felling and grapple
skidder, feller-buncher and grapple skid-
der, and harvester and forwarder) were
simulated while performing felling and
extracting activities in clearcut, single-
tree selection, and shelterwood prescrip-
tions. Feling was smulated on a 0.4-acre
(132 ft. by 132 ft.) square plot. Skidding
or forwarding simulations were per-
formed on alarger area (19.6 acres) cre-
ated by replicating the felling plot 49
times. A simulation was performed using
amouse to move the machine imagein
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site for extraction. The activitics ..
chines were recorded’ and stored for later
analysis. Data from the simulation ex-
periments were analyzed statistically to
examine the quantitative and qualitative
differences among the interactions of
stand, harvest prescription, and harvest-
ing system. Differences in mean values
of the variables examined were detected
by Duncan’s Multiple& Range Test at the
5 percent alpha level.

Four travel intensity categories of ex-
traction travel were used to record the

travel intensity (TI) within each felling

grid and the proportion of each category
on a havesed ste (7):

TIl: Trees on the plot have been
felled.

T12: Trees tha stood on the plot have
been removed and no other traffic has
passed through the plot,

T13: Trees that stood on the plot have
been removed and trees outside the plot
have been skidded through the plot.
Passes with a loaded machine are be-
tween 3 and ().

T14: More than 10 loaded machine
passes have been made through the plot.

An even-aged planted stand and an
uneven-aged natural stand of southern
pine were used in experiments with the
interactive simulation program. The con-
ditions used to generate these two stands
were as follows:

Pianted stand
even-aged
. loblolly pine
+ stand density: 400 trees/acre
. stand age: 25 years
. dominant height: 60 feet
. uniform spatial pattern

Natural stand
uneven-aged
. loblolly pine
. stand density: 250 trees/acre
* g-ratio: 1.3
« maximum height in maximum
DBH class: 60 feet
. random spatial pattern
A Weibull distribution was used as the
form of DBH distribution of planted
stands (4) while the exponential function
was used to characterize’ the reverse J-
shape DBH distributions for natural
stands (9,30). Applicable; volume equa-
tions were used to determine individual

hor

. e oo U uCES
for two generated stands are presented to

show their structures.
EXPERIMENTAL

To better understand and effectively
use the interactive simulation program, a
controlled experiment was designed. To
reduce the operator learning effects, the
experimental order of a simulation run
was randomly arranged. The experi-
ments were made by one operator who
had significant practice before the ex-
periment began. Factors considered in
the felling experiment consisted of stand
conditions (natural or planted), harvest
methods (clearcut, shelterwood, or selec-
tion), and felling machines (chain saw,
feller-buncher, or harvester). These 18
independent felling simulation combina-
tions were each replicated 3 times, result-
ing in a total of 54 felling simulation
runs. Single-tree selection left]§5 trees
per acre in the residual stand while shel-
terwocd cutting retained 75 trees per
acre. The clearcut harvest removed all
standing trees. Since the extraction site
was a larger area (19.6 acres) that repre-
sented 49 replications of the felling plot,
extraction was simulated only one time
for each felling combination. One of the
three felling simulations for each combi-
nation was randomly selected for use in
the extraction simulation. The order in
which felling and extraction combina-
tions were simulated was randomly as-
signed to prevent any learning effects
from biasing results.

Operating patterns of the harvesting
systems can be described as follows. The
felling machine was first located at one
end of the plot and then moved paralel to
a swath of trees. The feller-buncher
worked in a strip 15 to 20 feet wide. A
narrower swath (about 10 ft. wide) of
trees was used with manual chain saw
felling as the operator walked along the
swath. The cut-to-length harvester
moved in a relatively straight trail work-
ing in a drip 40 to 50 feet wide. Trees on
either side of the machine and within
boom reach were removed based on op-
erator choice. When the machine reached
the end of the swath, it turned around and
cut other trees in the next swath, continu-
ing until the plot was finished.

The extraction machine was first lo-
cated at the landing. Landings were as-
sumed to be in the middle grid at the
bottom of the logging site. Grapple skid-

FACTORS
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TABLE |. — Meuns and significance levels of felling simulation variabies.*

Stand Machine Harvest
Single-tree
Natural Planted Chain saw Feller-buncher Harvester Clearcut Shelterwood selection
DBH removed (in.) 70 8.1 7.5 75 76 77 6.5 8.2
Harvest volume
(cords per acre) 10.2 33.0 215 21.8 215 29.5 1IS.0 17.4
Distance traveled per
liar-vested tree (ft.) 13.0A 10.1 9 133 ¢ 137C 76 D 98 E 11OF 138 G
Time per tree
(productive min.) 0.66 A 0.74 B 117 ¢ 032 D 062 E 0.66 F 0.63 F 0.83 G
Productivity
(cords per PMH) 7.0 A 11.0B 42C 15.0 D 8.0 E 10.0 F 79 G 9.1 H
4 Means with the same capital letter in a row are not significantly different at the 5 percent level with Duncan’s Multiple-Range Test.
ders adopted free-style extraction and ~ TABLE 2 -~ Operating variables affected by machine and harvest in felling simulations.*
moved linearly to tree bunches and di- Harvest Chain saw Feller-buncher Harvester
rectly back to the Iand'_ng' except in the Ground travel distance per harvested tree (ft.)
case of protecting residual trees. For-

. Clearcuts 11.4 12.6 54
warders followed the trail of the har- Shelt g 11 129 -
vester and loaded the log piles on either . elertwoo ot o 57 100
. ; ’ . ingle-tree selection . . .
side of the machine by using their booms. Time per tree (min)

RESULTS Clearcuts 1.09 0.29 0.58
FELLING SIMULATION Shelterwood 1.02 6.28 0.58
. . Single-tree selection 1.39 0.40 0.70
_ We performed 54 simulations of fell- Volume per PMH (cords)
ing and recorded the mean DBH and
Clearcuts 4.63 16.74 8.7
volume per acre removed to measure Shelt d 25 135 6.69
changes in stand conditions. These two petierwood ' ' '
Single-tree sclection 4.21 14.77 8.3%

stand variables, along with machine type
and harvest method, were treated as inde-
pendent variables. These variables each
significantly affected distance traveled
per harvested tree, time per tree, and
hourly productivity at the 5 percent con-
fidence level (Table 1). In planted stands,
distance traveled per tree was shorter,
time per tree was greater, and volume per
productive machine hour (PMH) was
greater than in natural stands during fell-
ing operations. This was due to the
higher stand density, larger DBH, and
greater volume per acre removed in
planted stands. The distance traveled per
tree was significantly greater for felling
with either chain saw or feller-buncher
than with a harvester. The harvester
reached trees by extending its boom in-
stead of moving the machine. Manually
felling a tree with a chain saw took more
time than felling with afeller-buncher or
felling and processing with a harvester.
Felling productivity was greatest in
clearcuts, but single-tree selection was
more productive than shelterwood cuts
due to the larger tree sizes removed.
Harvesters traveled an average of 5.4
feet per harvested tree in clearcuts com-
pared to 12.6 feet per harvested tree for
feller-bunchers (Table 2). In single-tree
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3 Six simulations per cell.

selection, the difference was not as great,
with harvesterstraveling 10.0 feet com-
pared to 15.7 for feller-bunchers. This
travel savings comes at the price of lower
productivity. Feller-bunchers are fast,
with per-tree cycle times about half of
those for harvesters that also delimb and
process wood. As a result, feller-bunch-
ers fell about twice as much wood per
PMH as a harvester can fell and process.

EXTRACTION SIMULATION

The trees felled and bunched during
felling simulations were extracted to the
landing during simulated skidding or for-
warding operations. When the small fell-
ing plot was replicated 49 times to create
the larger skidding area, individual trees
or bunches of trees became indistin-
guishable on the computer screen. For
the sake of operational feasibility and
efficiency of simulation, we assumed six
trees per bunch for extraction following
chain saw or harvester felling and three
piles following the feller-buncher.

Mean extraction distance, volume per
cycle, cycletime, volume per PMH, and
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travel intensity category were analyzed
by machine and harvest types (Table 3).
Cycle volume averaged 0.69 cords for
the grapple skidder and 3.95 cords for the
forwarder. Extraction distance averaged
965 feet for the forwarder and 541 feet
for the skidder. Due to the longer dis-
tance and greater payload, the forwarder
took 23.8 minutes per cycle compared to
7.73 minutes for the grapple skidder. The
net effect was production of 10.08 cords
per PMH for the forwarder versus 5.61
PMH for the skidder. Mean extraction
distance was significantly longer in par-
tia cuts than in clearcuts. Similarly,
hourly production rates were highest in
clearcuts and lower in partial cuts.
Extraction performance was also sen-
dtive to havet methods and havest sys
tem (Table 4). Mean extraction distance
increased sharply when moving to the
partial cuts from clearcuts. Hourly pro-
duction was consistently highest in cleat-
cuts and lower in the partial cuts. Inter-
estingly, shelterwood harvests resulted in
lower hourly productivity than selection
cuts due to the smaller tree size removed.
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TABLE 3. ~ Means and significance levels of extraction simulation variables.”

Stand Felling machine Harvest Extraction machine
Chain Feller- Shelter-  Singletree  Grapple
Natural Planted saw buncher Harvester Clearcut wood sdection skidder Forwarder

Cycle volume

(cords) 171 A 1.85B 069C 0.69 D 3% E 176 F 175G 184 H 0.69 | 3951]
Mean extraction

distance (R) 735 A 630B 529C 554 D 965 E 606 F 7240 11T H 541} 965 J
Cycle time

(min.) 1438A  11.79B 8.10C 737D 2380 E 12.12F 1450G 1264 H 7731 2380 )
Volume/PMH

(cords) 6.03 A 817B 529C 592D 1008 E 761 F 6.33 G 737 H 5611 10.08J
Travel intensity

Level 2 (%) 33A 23B 32C 31c 21D 25E 33F 26 E 31G 21 H
Travel intensity

Level 3 (%) 29A 178 8C 13D 47 E 20 F 21G 27H 1l 47)
Travel intensity

Leve 4 (%) 38A 60B 60C 56 D 32E 55 F 46 G 47 H 58] 321

i Means with the same capitd letter in a row are not significantly different at the 5 percent level with Duncan’'s Multiple-Range Test.

TABLE 4. — Operating variables affected by machine and harvest in_extraction.”

Chain saw/ Feller-bunched Harvester/
Harvest grapple skidder grapple  skidder forwarder
Volume per Nm (cords)
Clearcuts 0.70 0.70 3.88
Shelterwood 0.65 0 3.89
Single-tree 0.73 0.70 4.08
Average extraction distance (ft.)
Clearcuts 487 489 843
Shelterwood 548 576 1,048
Single-tree 551 597 1,005
Cycle time (min.)
Clearcuts 742 6.68 2228
Sheltenvood 9.16 8.58 25.77
Single-tree 172 6.84 2335
Volume per PMH (cords)
Cleat-cuts 581 6.51 1051
Shelterwood 442 5.32 9.25
Single-tree 5.66 594 10.49

*'Two simulations per cell.

TABLE 5. = Proportion of felling grids in each travel intensity category by machine and harvest after

felling and extraction.’

Travel Chain saw/ Feller-buncher/ Harvester/
Harvest intensity grapple skidder  grapple skidder forwarder
................. )
Clearcuts Ti 0 0 0
T2 25 27 22
TI3 6 10 43
T-14 67 63 35
Shelterwood Til 0 0 0
T12 35 35 29
Ti3 7 I 45
Ti4 58 54 26
Single-tree  selection ™ 0 0 0
T2 35 30 14
T13 1 18 53
Ti4 54 52 33

* Using the system described by Carruth and Brown (7).
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EXTRACTION TRAVEL INTENSITY

The proportion of travel intensity cate-
gory was defined as the number of felling
grids (0.4 acres each) in each travel inten-
sity category over the total number of
grids (7 x 7 felling grids, 19.6 acres) ina
logging area. It was used to evaluate how
machine and harvest method affect the
travel intensity (Table 5). The travel in-
tensity category 4 (T14) was the level of
most concern since it caused the most
damage to the soil. No difference of
travel intensity existed between skidding
in chairl saw and feller-buncher felling
areas. About 50 percent of the logging
site was in T4 after skidding and 30
percent after forwarding. The proportion
of T14 for the forwarder was lower than
that for the skidder since the forwarder’s
higher holding capacity resulted in fewer
passes to extract logs. The areas of T14
after forwarding were also smaller than
that after skidding. Harvesting methods
also affected the travel intensity. Since
clearcut produced more bunches with
higher cords per acre, the proportion of
T14 in the clearcutting area was higher
than ones in single-tree selection and
shelterwood cutting areas. Due to the
smaller bunch size in shelterwood cut-
ting area with lower cords per acre, the
proportion of Tl4 was lower in such a
logging ste. If a smaler grid size is used,
the accuracy of travel intensity in each
grid will be improved in the extraction
plot. The proportion of T14 will be de-
creased because the number of loaded
machine passes in a larger grid is divided
into several smaller numbers in the
smaller grids.
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TABLE 6. — Svstem productivity compdrisons.

Chain sdw/ Feller-buncher/ Harvester/
grapple skidder grapple skidder forwarder
------------------ (cords per WeeK) - - === - = - ecmennnaas
Clearcuts 140 435 244
Shelterwood 106 345 |S7
Single-tree 136 384 235
SYSTEM PRODUCTIVITY the program. Disadvantages are the time

The three harvesting systems were ex-
amined based on their production per
week. Two chain saws and one skidder
were used in the chain saw/skidder sys-
tem, one feller-buncher and three skid-
ders in the feller-buncher/skidder sys-
tem, and one harvester and one forwarder
in the harvester/forwarder system. A hy-
draulic loader was used to load trucks in
the skidder systems. The data showed
that felling was the limiting function in
feller-buncherlskidder and harvester/for-
warder systems. Skidding, however, was
the limiting function in the chain
saw/skidder system. System production
in clearcurs was 140 cords per week for
the chain saw/skidder system, 435 cords
per week for the feller-buncher/¢kidder
system, and 244 cords per week for the
harvester/forwarder system (Table 6).
The system productivity in single-tree
selection was somewhat lower than in

dearcuts. The systems were least pro- 4,

ductive in sheltenvood cuts compared to
the other two harvesting methods.

SUMMARY

Our simulation study found that fell-
ing, skidding, and forwarding were af-

fected significantly by stand, harvest, and 5.

machine factors. Distance traveled per
harvested tree mainly depended on stand
density, harvest intensity, and felling ma-

chine type. It was inversely related to 6

stand density and harvest intensity. This
distance increased as harvest method var-
ied from clearcuts, to shelterwood cuts,
to single-tree selection. The most impor-
tant factorsin felling time per tree were
mean DBH removed, harvesting inten-
sity, and harvest method. Extraction was

most affected by payload and distance. 8.

Partial cutsincreased distance but com-
pensated for this with larger trees re-
moved, which increased payloads.

We find interactive simulation to be a
useful method for evaluating complex
factors affecting timber harvesting deci-

sions. It allows complete control of 10.

equipment during harvest by the user of
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2.

. Bra

required to perform the simulations with
intensive manual inputs and the large
grid size used to monitor traffic inten-
sity. Further work will explore greater
use of traditional numerical simulation
for the most labor intensive applications,
such as modeling extraction and use of
smaler, more redidtic gridsizes to monitor
traffic

intensity.

LITERATURE CITED

1. Bare. B.B., B.A. Jayne, and B.F. Anholt.

1976. A simulated-based approach for
evaluating logging residue handling sys-
tems. Gen. Tech. Rept. PNW-45. USDA
Forest Serv., Portland, Oreg.

Baumgras, JE.. CC. Hassler, and C.B. Le-
Doux. 1693, Estimating and validating har-
vesting system production through com-
puter simulation. Forest Prod. J. 43(1 1/12):
6571

. Block, W.A. and JL. Fridley. 1990. Simuia-

tion of forest harvesting using computer ani-
mation. Transactions of the ASAE 33(3):
967-974.

Borders, B.E, W.M. Harison, D.E. Adams,
RL. Baley. and L.V. Pienaar. 1990. Yield
prediction and growth projection for site-
prepared loblolly pine plantations in the
Carolinas, Georgia Florida, and Alabama
Technical Rept. 1990-2, Plantation Mgt.
Res. Coop.. School of Forest Resources,
Univ. of Georgia, Athens. Ga

Bradley, D.P,, R.E. Biltonen, and SA. Win-
sauer. 1976. A computer smulation of full-
tree field chipﬁing and trucking. Res. Pap.
NC-129. North Centrd Foret Expt. Sta.
USDA Forest Serv.,, St Paul, Minn.

g, W.C., W.D. Ostrofsky, and B.F.
Hoffman, J. 1994. Residud tree damage
estimates from partial cutting simulation.
Forest Prod. J. 44(7/8): 19-22.

. Carruth, JS. and JC. Brown. 199. Predict-

ing the operability of South Carolina coastal
plan soils for aternative havesting sys-
tems. Gen. Tech. Rept. NC-186. USDA For-
est Serv., St Paul, Minn. pp. 47-53.

Clark 11l, A. and JR. Saucier. 1990. Tables
for estimating total-tree weights, stem
weights, and volumes of planted and natural
southern pine in the southeast. Georgia For-
est Res. Pap.79. Georgia Forestry Commis-
son. Macon, Ga

. Davis. L.S. and K.N. Johnson. 1986. Forest
Management, 3rd ed. McGraw-Hill, New
York.

Fridley, JL. and JE. Jorgensen. 1983. Geo-
metric modeling to predict thinning system

VOL, @8, NG, &

12

13.

14,

performance Transactions of the ASAE
26(4):976-982.

, JL. Garbini. and JE. Jorgen-

sen. 1982, Interactive simulation of forest
thinning systemconcepts. Pap. No. 82-1603.
ASAE. . Joseph, Mich.
_ ,JE Jorgensen, and JL. Gar-
bini. 1988. A rational approach to feller-
bunchers design for steep slope thinning.
Forest Prod. J. 3§(6):31-37.

, JL. Garbini, JE. Jorgensen.

and P.A. Peters. 1985. An interactive sSimu-
lation for studying the design of feller-
bunchers for forest thinning. Transactions of
the ASAE 28(3):680-636.
Gabini, JL., M.R. Lembersky. UH. Chi,
and M.T. Hehnen. 1984. Merchandiser de-
sign using simulation with graphica anima-
tion. Forest Prod. J. 34(4):6 1-68.

15. Goulet, D.V., R.H. Iff, and D.L. Sirois.

16.

1.

18

1.

20.

21.

22.

23.

24,

1979. Treeto-mill forest harvesting simula
tion models: Where are we? Forest Prod. J.
29(10):50-55.

,and
1980. Five forest harvesting simulation
models. Pat 1. Modding characteritics.
Forest Prod. J. 30(7): {7-20.

and

1980. Five forest harvesting simulation
models. Part 1. Paths. pirfalls, and other
considerations. Forest Prod. J. 30(8): 18-22:
Greeng, W.D. and B.L. Lanford. 1984. Geo-
metric simulation of feller-bunciers in
southern pine plantation thinning. Pap. No.
84-1612. ASAE, St. Joseph. Mich.

ad 1986. An in-
teractive simulation program to model
feller-bunchers. Bull. 576. Alabama Agri.
Expt. Sta

and B.J. Stokes. 1988. Per-
formance of smal grapple skidders in plan-
tation thinnings applications. Southern J. of
Appl. Forestry ™ 12(4):243-246.

and JF. McNeel. 1991. Pro-
ductivity and cost of sawhead feller-bunch-
ersin the South. Forest Prod. J.41(3):21- 26.

, JL. Fridley, and B.L. Lan-
ford. 1987. Operator variability in interac-
tive smulations of feller-bunchers. Transac-
tions of the ASAE 30(4):9 18-922.
Kluender. RA. and B.J. Stokes. 1994. Pro-
ductivity and costs of three harvesting
methods. Southern J. of Appl. Forestry
18(4):168-174.

, D. Lortz, W. McCoy, B.
Stokes. and J. Klepac. 1998. Removal inten-
sty and tree size effects on harvesting cost
and profitability. Forest Prod. J. 48( 1):54-59.

25. Lanford, B.L. and D.L. Srois. 1983. Drive-

26.

27.

28.

to-tree, rubbertired  feller-buncher  produc-
tion studies. Gen. Tech. Rept. SO-45. USDA
Foret Serv., New Orleans, La

and B.J. Stokes. 1995. Com-
parison of two thinning systems. Part I.
Stand and site impacts. Forest Prod. J.
45(5):74-79.

. and 1996. Com-

parison Of two thinning systems. Part 2. Pro-
ductivity and costs. Forest Prod. J. 46( | 1/12):
47-53.
Lembersky. M.R. and UH. Chi. 1984. “De-
cison smulators” speed  implementation
and improve operations. Interfaces 14(4):
1-13.




29. Martin, AJ. 1975. Timber harvesting and
transport simulator (THATS): with subrou-
tine for Appalachian logging. Res. Pap. NE-
3 16. USDA Forest Serv., Northeastern For-
est Expt. Sta, Upper Darby, Pa

30. Moser Jr., JW. 1976. Specification of den-
gty for the inverse Jshaped diameter distri-
bution. Forest Sci. 22(2):177-184.

31. Stuart, W.B. 1981. Harvesting anadysis
technique: Computer simulation system for

32.

33.

timber harvesting. Forest Prod. J. 31(11):
5-53.
Tufts, RA. and RW. Brinker. 1993. Val-
mets Woodstar series harvesting system: A
case sudy. Southern J. of Appl. Forestry
17(2):9-74.

and 1993. Pro-
ductivity of a Scandinavian cut-to-length
system while second thinning pine planta
tions. Forest Rod. J. 43(11/12):24-32.

34

35,

36.

B.J Stokes, and B.L. Lanford.
1988. Productivity of grapple skidders in
southern pine. Forest Prod. J. 38(10):24-30.
Wang, J and W.D. Greene. 199_. An inter-
active simulation system for modeling
dtands, harvests. and machines. J. of Forest
Engineering (in press).

Webgter, D.B. 1975. Development of a flex-
ible timber harvesting simulation mode}.
Forest Prod. J. 25(1):40-45.

©
0
0

SEF

-{
17

MBER 1




