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ABSTRACT

Tree damage in aone-grip harvester operation was as-
sessed by observing the number of contacts with stand-
ing trees and damage resulting from these contacts. The
processing phase for asingle tree was called acycle. On
average, 19.3% (14.5 - 25.4%) of cyclesinvolved contacts
with standing trees. One third of the contact trees were
removed during harvesting. Of the struck trees|eft stand-
ing, 28.2 % were damaged. The probability of contact dam-
agewas 1.5 times higher in the summer than in other sea-
sons. Mean damage percentage in the study stands was
3.4 (range0.0- 8.6%).

Contactswith standing treeswere explained by machine
operator, stem volume of processed tree and the number
of trees on the working area. The probability of damage
resulting from contact was explained by harvesting sea-
son and size of processed tree. A model was developed to
predict tree damage. The model consisted of a contact
model and a damage model formulated using logistic re-
gression. The tree damage model and the productivity
models can be used, for example, in comparing different
thinning regimesin model stands.

The operator had considerable influence on both the
harvesting quality and productivity, and therewasalarge
variation between machine operators. High productivity
and agood silvicultural result were highly correlated.

Keywords tree damage, thinnings, one-grip harvester,
logistic regression, single-grip harvester,
Picea abies.

INTRODUCTION

In 1997, the mechanization ratein thinningsin Finland
was 77%, an increase of 9% from the previous year [22].
Thinnings are carried out using one-grip harvesters and
forwarders. The silvicultura result of thinning includes
number, distribution and quality of remaining and removed
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trees, area of strip roads and amount and quality of tree
and soil damage. Forest ownersrecogni ze the importance
of achieving agood thinning result, and fear of incurring
thinning damage can reduce the owner’s interest in thin-
ning. Forest owners consider that agood silvicultural re-
sult is the most important criterion to be placed on har-
vesting machinery in the future [13]. Good silvicultural
thinning results also play an important rolein the certifi-
cation processes of forest companies.

Theamount of tree damagewith aone-grip harvester in
thinnings has been acceptable on average, but there has
been much variation between studied stands. In a large-
scale study in Sweden the average damage percentage
(percentage of damaged trees over of the number of re-
sidual trees after thinning) with aone-grip harvester and
forwarder was 5.9 6]. In Finland thedamage percentagein
routineinventories between 1993 - 1996 has been around
four [8]. These damage numbers are |low when compared
with damage found after mechanized thinning in North-
America. Damage percentages greater than 20 havebeen
reported there when using feller-bunchers and skidders
[15,17].

Damage inventories based on comprehensive data are
expensive. They are, however, necessary when informa-
tion on amount of tree and soil damage caused by differ-
ent harvesting methods is required. Damage inventories
are mostly made post-harvest. The researcher knows the
company, machine, operator and season of operation when
collecting and processing the damage data. What he does
not know istheway the operator hasworked, the cause of
damage and many other factors affecting damage rates.
When classifying the phase of work during which the
damage occurred, the result is dependent upon the re-
searcher’s experience. In machine work, there are many
i nterdependencies among working technique, productiv-
ity and damage. Isolating these interactions with post-
harvesting inventoriesisimpossible.

Systematic line plot samples have been the most com-
mon tree damage study method in Scandinavia. In the
United States three sampling methods for measuring tree
damage were compared. Circular sample plots from sys-
tematic measuring lines were found to be the best way to
study tree damage [19].

There is also another approach to tree damage study.
Tree damage can be monitored during the harvester op-
eration. In this case knowledge on the actual causes of
damage can be obtained. Monitoring al so offers possibili-
ties for modelling the tree damage process. Figure 1
presents a diagram the tree damage process in one-grip
harvester operation.
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Figure 1. Elementsinfluencing tree damage in aone-grip harvester operation.

The aim of the present study was to model the tree
damage processin thinning with aone-grip harvester. Also
work productivity, factors affecting work productivity and
associations between productivity and tree damage were
studied. Factors affecting productivity are not extensively
discussed, however, in this paper.

MATERIALSANDMETHODS
Field study

Inthefield study, harvester operations were monitored
by three researchers. one attended to time study func-
tions with particular attention being paid to tree location
(distance from the strip road), grip angle and processing
location; another monitored a harvester’'s movements
(base machine and multi-function unit) in metersand, with
regard to the processing of individual trees, the available
space and the number of trees so that each tree’s indi-
vidual working conditionswere assessed. The method for
estimating the availabl e space and the number of treeson

theworking areais presented in Figure 2.

The third researcher monitored contacts with standing
trees and recorded the observed number of contacts, |o-
cation of any contacted tree and point of contact, work
stage in progress at the time of contact, object (machine
part, tree) causing contact, reason for contact and sever-
ity of contact.

Only contacts caused by the stem, thick branches or
machineweretaken into account. In order to betakeninto
account, contacts must involve the stem, root collar or
root system (lessthan 1 m from the root collar). Contacts
with trees|ocated on the strip road were not included. All
contacted trees were numbered and labelled. At the end
of the monitoring period diameter at breast height, type
and extent of possible damage, distance of damage from
root collar and distance between tree and strip road were
recorded for all labelled trees. Damage was classified as
superficial, when only bark was removed. Where wood
fibres were damaged, this constituted deep damage.
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Figure 2. The method of estimating the available space and number of trees on a machine’sworking area.

Research Material

Theresearch materia was collected from 15 monitored
stands and involved a total of 8192 stems with a total
volumeof 1085 m?, of which 586 m®was cut inwinter, 288
m2in spring or autumn and 211 m® when sap wasflowing
(April —May). Thestandswerefirst and second thinnings.
Thinning was done as low thinning; smaller trees and
treeswith lower quality wereremoved. Theinitial growing
stock in the stands studied averaged 1169 stems/hawhile
the corresponding figure after thinning was 634 stems/ha.
The average size of removed treeswas 135 dm® and 73.9
m?/ha was removed in total. The stands were dominated
by Norway spruce (Picea abies).

The machine studied was a Vamet 901 one-grip har-
vester equipped with a Valmet 942 harvester head. The
machine was working on the strip roads. Distance be-
tween strip roads was 20 m. Pulpwood was cut to 5 m
lengths. The stands studied were located on easy terrain
with no steep slopes.

Four operatorswereincluded in the study. Two (opera-
tors A and D) were very experienced operators. Operators
B and C were not so experienced, and their skills can be
regarded as moderate.

Modédling

When predicting tree damage, the number of work stages
in operating the harvester and the working conditions
must be known. Details of the contacts to standing trees
and of the factors affecting the number of contacts are
also needed. The effects of different kinds of contacts
and also the influence of factors such as harvesting sea-
son on damage occurrence from contacts must also be
known.

A “Tree Damage model” was built to predict tree dam-
age using alogistic regression model and MS Excel soft-
ware to predict contact and damage. Logit analysis was
carried out with SAS software. Contact model swere built
for the work cycle and also for different work phases.
Damage models describe the results of contacts and the
factorsaffecting them. All contactswere handled together;
the results of contacts can be regarded as independent of
the operator. The damage model was based on observa-
tionsfrom 1049 contacts.

In addition to the contact and damage models, the Tree
Damage model includes a submodel for the removal of
damaged trees, asubmodel for two contacts and two dam-
agesto the same tree and submodel s for damage |ocation
and damagetype. Thediagram the Tree Damagemodel is
presented in Figure 3.
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Figure 3. Diagram of the Tree Damage model .

RESULTS

Productivity

Direct productivity comparisonsamong operatorswere
not possible because of the differences in stand charac-
teristics. However, considerable differencesin productiv-
ity were observed. Figure 4 shows the influence of stem
size on effective time taken. Table 1 lists the equations

developed to predict effectivet

ime as afunction of stem

volume. The average productivity was11.0 m¥/E (E = ef-
fectivetime, includes no delay times). o0

The productivity of operator A was 16.4 m*/E , that of
operator B was 8.8 m¥/E , operator C 9.8 m¥/E and opera-
tor D 12.3m¥E . ° °

0

When operators process trees at the strip road, more
branches are available for protecting both soil and roots.
For treestaken to the strip road for processing, the effec-
tive time consumption was only slightly higher than with
trees processed near the stump.
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Figure 4. The influence of stem size on effective time consumption with spruce by operator.



Table 1. Predictive equationsfor effective time/tree as afunction of tree volume for four operators studied.

Operator Equation r?

A y'=25.100+0.119* x* 0626
B y=47.569+0.189* x 0417
C y=40.313+0.222* x - 0.00014 * x2 0.337
D y=25.767+0.130* x- 0.00005* x2 0.387
All operators combined y=32.480+0.169* x- 0.00004* x2 0.362

Ix = volume per stem (dl)

Number of contactsand damageto standingtrees

The study material comprised 8192 stems. A total of
1579 working cycles (19.3%) resulted in contactsto trees.
Frequencies of work cycles (work cycle = al the work
elements for processing a single tree) resulting in con-
tactsand corresponding percentages per operator are pre-
sented in Table 2.

The number of contacts does not directly reflect how

Table 2. Number of processed trees and contacts.

y = effectivetime (c min/tree)

demanding aparticular work situationis, or how skilledthe
operator is, because when operating in cramped conditions
an operator can fell atree towards another tree which he
knowswill soon be removed. Thisbeing the case, contacted
trees- which operatorslater felled - were classified aseither
“treesremoved for slvicultural reasons’ and “treesremoved
because of contact damage’. All remaining contacted trees
were examined for possible damage and such damage was
measured and found to be distributed as presented in Table
3

Operator Stems processed, N Number of work cycles Contact with two trees
resulting in contacts per work cycle
% %
A 1664 2600 162 9 05
B 211 740 254 5 26
C 465 112 241 u 24
D 3152 453 145 5 08
Total 8192 1579 193 120 15

Table3. Numbersof removed contact trees, their distribution by silvicultural classes and damage occurrencein remain-

ing contact trees.

Operator Contacts Removed trees Remaining trees Superficiadl  Deep
for silvicultural because of with contact damage damage
reasons contact damage damage

% % %
A 278 83 6 3] 238 69 3
B 815 242 K?) 181 339 86 14
C 123 K4 9 33 452 %5 5
D 483 jie’! 19 i 152 %5 5
All 1699 519 73 m 283 86 14
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The mean damage percentage (percentage of the dam-
aged treesfrom the number of remaining trees) in themoni-
tored stands was 3.4 varying between 0.0 and 8.6%. The
number of damaged stems/ha was 22.0 varying between
0.0 and 60.9. The mean damage percentage by operator A
was 2.2, by B, 4.9%, by C, 6.6% and by operator D, 1.4%.

Typeand location of damage

Of all damage, 92.4% wasto the stem and 7.6% to root
collars. The average surface area of damage was 54 cn?,
with superficial damage averaging 49 cm? and deep dam-
age 81 cm?. The average area of the wintertime damage
was 39 cm?, while damage in the sap period averaged 78
cm? and damage in the spring and autumn averaged 55
cm?. Thelength-width ratio for damage averaged 6.8.

Theaverage contact point wasat aheight of 450 cmfrom
theroot collar, whilethe average distance between the har-
vester and contacted treeswas 720 cm. The average height
of damage in stemswas 275 cm above the root collar. On
average, thedamaged treeswere 595 cm from the strip road
centre.

Themgjority of contacts (68%) and damage (65%) oc-
curred at the felling stage and were caused by trees as
they were felled. Delimbing and moving stems are other
stages in the processing when contacts are highly likely.

The most common reasons for contacts were found to
be difficult tree location or “ other reason” (used when no
particular reason could be observed to apply). For exam-
ple, when large trees are felled in a dense stand, contacts
with standing trees are often impossibleto avoid - in such
casesthe entry was*“ other reason”. Thethird main reason
was operator negligence.

Contact models

Felling and processing accounted for more than 90 % of
contacts, and are the most important work phasesin con-
tact modelling. The contact model for the work cycle is
presented in Table 4.

Operator, size of tree being processed and the number
of trees on the work zone were the factors explaining the
occurrence of contacts. The probability (p) of a contact
can be calculated asfollows[9]:

ot
eoglt(p) ,Wheree=2.718.

p - 1+ elogit(p)

Damagemodes

The damage model is presented in Table 5. Size of tree
causing the contact explained the most damage occur-
rence. The harvesting season also affected damage. Dur-
ing the summer, the odds for damage occurrence was 1.7
times greater than in other seasons. For each 100 dm?
increase in the size of tree causing the contact raises, the
odds for damage grow 19%.

DISCUSSION

One of the main problems in forest work study is the
great influence of an operator on both machine productiv-
ity and on the silvicultural result of harvesting. There are
severa waysto describethe operator. Test seriesfor meas-
uring the physical and psychological properties of work-
ers have been used in forest work study in Finland [7].
Machine entrepreneurs areworking in practical work with
expensive machinery and their willingness to participate
in this kind of testing is often low. The method also de-
mands the participation of alarge number of operatorsin
order to establish relationshi ps between work results and
human characteristics. The high costs of field tests limit
the number of operators that can be tested.

If the operators cannot be classified with test series,
productivity and working practices provideapractical way
of describing machine operators. Productivity wastheway
to describe machine operatorsin this study. The working
condition around every single tree was carefully meas-
ured to determine the rel ati onshi ps between machine pro-
ductivity and work conditions along with tree damage.

Many studies[3, 5, 14] have demonstrated that branch
mats have reduced soil damage. The effect of processing
side on the effective time consumption for trees taken
from outside the strip road was small. In stands with poor
bearing capacity it isuseful to processtreesover the strip
road.

The considerabl e influence of the machine operator on
both the productivity and harvesting quality, and thelarge
variation between machine operators can be regarded as
the main results of the study. High productivity and good
silvicultural result werefound to be highly correlated. The
average damage percentage, 3.4%, is acceptable. How-
ever, the average percentage varied from 1.4 to 6.6 with
different operators.

The study showed the great influence of season on
damage occurrence. The damage model predicts a 1.7-
fold odds on damage occurrence in the summertime com-
pared with other seasons. The power needed to loosen



Table 4. Predictive model for contact (1) and no contact (0) inthework cycle. Baselevel, operator D.
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logit(p)= a+bx +cx +dk +dk +dk
1 2 11 22 33

where

X =sizeof processed tree, dm®,

x"= number of trees, N/haon thework zone.

k’= dummy variable, =1, if operator = A, otherwise.
k'=dummy variable, =1, if operator = B, otherwise 0.
k2= dummy variable, =1, if operator = C, otherwise0.

a = constant
b,c,...,d = parameter estimates
3

Observations Distribution of response variable
7973 1
0
Parameter Parameter estimate Std. error Wald Chi-square
a 2921 0.0997 858475
b 0.003 0.0002 259.250
c 0.001 0.0001 112645
d -0.008 0.0882 0.007
d 0615 0.0692 79.021
dz 0495 0.1267 15.246
Goodness of fit
Deviance Df p-value
45483 4331 0.0106

N
148
6425

Pr>Chi- square

0.0001
0.0001
0.0001
09313
0.0001
0.0001

Odds ratio

1003
1001
0.992
1850
1640

Table5. Predictive model for damage (1) and no damage (0) following contact. Baselevel other season but summer.

logit(p) = a+bx +cv

where !

x =sizeof tree being processed, dmq.

v'= dummy variable, = 1, if season = summer, otherwise0.
a = constant

b, ¢ = parameter estimates

Observations Distribution of response variable
1049 1
0
Parameter Parameter estimate Std. error Wald Chi-square
a -1.496 0.1242 145154
b 0.002 0.0004 21.236
c 0.562 0.1617 12.072

Goodness of fit
Deviance Df p-value
196.6 149 0.0055

N
285
T4

Pr>Chi- square

0.0001
0.0001
0.0005

Odds ratio

1002
174

35
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root bark of pine and spruce was 40 N/cm?in the summer
and 60 - 80 N/cm?in the autumn [23]. These study results
support each other.

Most tree damage inventories are made post-harvest.
However, there have been some studies before this present
study using amonitoring approach. Tree damagein load-
ing forwarder was studied in Sweden for example, where
the frequency of contacts with standing trees was related
to the number of trees on the work area. Almost 80% of
the contacts occured during loading. Of 195 contacts re-
corded in the study 16% resulted in damage [16].

Contacts and damage in thinning of a dense first thin-
ning spruce stand with small 7 - 8 tonne one- and two-grip
harvesters were studied in Finland [21]. Stem size of re-
moved treeswas 60 dm?. The share of work cyclesresult-
ing in contact was 13.8% with the two-grip harvester and
1.1 % with the one-grip harvester. A total of 74 contacts
wererecorded, 42% of which resulted in damage. Harvest-
ing was donein wintertime. “ Trees being processed” and
“machinecrane” caused most of the contacts. The smaller
size of removed trees may explain the difference in the
number of contacts compared with the present study.

Inthinning with afarm tractor-based one-grip harvester,
two thirds of the damage was caused during felling and
processing. More than 90% of damage was superficial,
and 65% of the damage was smaller than 50 cm? in extent

1.

In post-harvest inventories the information on reasons
for and causes of damage are estimates. In one-grip har-
vester operations, 90% of damage was estimated to occur
in processing and less than 10% in felling [6]. In the
present study more than 60% of damage was incurred
during felling of trees. However, the line between felling
and processing is vague.

The contact and damage models of the study were for-
mulated using logistic regression. Use of logistic regres-
sion modelsin forest work science studiesin Finland has
been small. However, in forest economicsresearch, logis-
ticmodelsarewidely used [10, 12, 18, 20].

In North-America, damage frequency after mechanized
harvesting is often high. Inthat caseit is often reasonable
to predict damage probabilities for single trees. Logistic
regression modelsfor predi cting damage have been widely
used [2, 4, 15, 17]. The modelled methods have been dif-
ferent tree-length harvesting methods.

In thinning of hardwood stands with a feller-buncher
and grappl e skidder, the predictorsfor damage occurrence
were treatment, distance from tree to the skid trail, tree
species and diameter [17]. The smallest probability for
damagewaswith small treesfar away from skid trails.

A damage model operating in conjunction with aninter-
active machine simulation program that can model har-
vesting performancewasdevel oped in North-America[2].
Thedamage probability for asingletree was explained by
harvesting method and treatment, initial stand basal area,
tree species, diameter and distance from skid trail. That
damage model has a similar structure to the model pre-
sented in this study. However, that model [2], aswell as
other damage models presented in North-America, are
based on post-harvest damage inventories. Also the dam-
age patterns for tree length harvesting methods differs a
lot from that of one-grip harvester operations.

The damage model presented in this study is based on
real timemonitoring of the damage process, and themodel
gives information on the influence of harvesting season
on level of damage. The main problem in damage model
estimation is the large variation between operators and
even between stands harvested by the same operator.
However, the mean damage level found in this study is
near to the level found in large-scale routine inventories
in Finland. The model can be used for estimating damage
after different treatments and for clarifying the effect of
harvesting season on damage occurrence. Together with
the cal culation model for estimating the economic conse-
guences of damage [11] and combined with direct har-
vesting costs, the tree damage model can be used for
calculation of total economy of different harvesting meth-
ods.

Duetothe high variationin the harvesting quality, both
the continuing supervision of the silvicultural thinning
result and the training of machine operators are abso-
lutely necessary. Thinning spruce standswhen sap isflow-
ing isinadvisable dueto the high risk of tree damage, and
decay following damage. Generally itispossibleto obtain
agood silvicultural thinning result with one-grip harvester
operation.

AUTHORCONTACT

Matti can bereached by e-mail at --
matti.siren@metlafi



REFERENCES

[1] Athanassiadis, D. 1997. Residua stand damage fol-
lowing cut-to-length harvesting operations with a
farm tractor in two conifer stands. Silva Fennica
31(4):461-467.

[2] Bragg, W., W. Ostrofsky, and B. Hoffman. 1994. Re-
sidud tree damage estimatesfrom partia cutting smu-
lation. Forest Products Journal 44(7/8): 19-22.

[3] Brunberg, T.and N. Nilsson. 1988. FMG 0470 Lillebror,
bestandsgaende engreppsskordare for klena
galringar [One-grip harvester for first thinnings].
Skogsarbeten, Resultat 13. 4 p.

[4] Cline M.L., B.F.Hoffman, M. Cyr, and W. Bragg. 1991.
Stand damage following whole-tree partial cuttingin
northern forests. Northern Journal of Applied For-
estry 8:72-76.

[5] Fries, J. 1974. Thinning - why and how? Thinning in
the forestry of the future. Reprint of the papersfrom
the international conference at Elmia 1973.
Skogshdgskolan, Institutionen for skogsteknik,
Rapporter och uppsatser 69:1-19.

[6] Froding, A.1992. Gallringsskador - En studie av 403
besténd i Sverige 1988. [Thinning damage - A study
of 403 stands in Sweden in 1988.] Sveriges
lantbruksuniversitet, Institutionen fér skogsteknik.
Rapport 193. 45p.

[7] Harstela, P. 1975. Tydajan menekkiin jatydntekijan
kuormittumiseen vaikuttavat tekijat eraissa
metsdtyomenetelmissd. Teoreettinen ja empiirinen
analyysi. [Factors affecting the consumption of work-
ing time and the strain on the worker in some forest
work methods: A theoretical and empirical analysis.]
Communicationes I nstituti Forestalis Fenniae 87. 130

p.

[8 Hartikainen, S. 1996. Harvennushakkuiden korjuujalki.
Tulokset koneellisista harvennuksista 1996
[Silvicultural impacts of thinnings: Results of
mechanized thinnings in 1996]. Metsétalouden
kehittdmiskeskus Tapio. Moniste.

[9 Hosmer,D.W.andS. Lemeshow. 1989. Appliedlogis-
ticregression. John Wiley & Sons. New York. 309 p.

[10] Karppinen, H. 1995. Metsdnomistajien arvot ja
metséataloudellinen toiminta. [Forest values,
landowner objectives and forestry behaviour of
nonindustrial forest owners.] Helsingin yliopisto.
Kansantaloudellisen metsdekonomian lisensiaatti-
tutkielma. 139 p.

[11] Kokko, P. and M. Sirén. 1996. Harvennuspuun
korjuujalki, korjuujéljen seurausvaikutukset janiiden
arviointiSilvicultural result of thinnings:
consequences and evaluation]. Metsantutkimus-
laitoksen tiedonantoja592. 70 p.

[12] Kuuluvainen, J., H.A. Loikkanen, and J. Salo. 1983.
Yksityismetsdanomistajien
puuntarjontakayttaytymisesta. [The timber supply
behaviour of the private nonindustrial forest owners
in Finland.] Metsantutkimuslaitoksen tiedonantoja
112.100p.

[13] Matilainen, J. 1995. Tulevaisuuden puunkorjuukoneen
suunnittel uvaatimukset [Design demands for future
harvesting machinery]. Oulun vyliopisto.
Prosessitekniikan osasto. Tyétieteen jaos. Hanke
93314. Loppuraportti tydsuojel urahastolle. 102 p.

[14] McMahon, S. and T. Evanson. 1994. The effect of
dlash cover inreducing soil compaction resulting from
vehicle passage. LIRO Logging Industry Research
Organization Report. Vol. 19 (1):8.

[15] Nichols, M.T., R.C. Lemin Jr., and W.D. Ostrofsky.
1994. The impact of two harvesting systems on re-
sidual stems in a partially cut stand of northern
hardwoods. Canadian Journal of Forest Research.
24:350-357.

[16] Nilsson, N. 1985. Skador vid kranarbetei gallring. [Dam-
age during processing in thinning.] Sveriges
lantbruksuniversitet, Institutionen fér skogsteknik.
Stencil 25. 35p.

[17] Ostrofsky, W.D., R.S. Seymour, and R.C. Lemin, Jr.
1986. Damage to northern hardwoods from thinning
using whole-tree harvesting technology. Canadian
Journal of Forest Research 16:1238-1244.

[18] Ovaskainen, V., E. Hanninen, and H. Hanninen. 1994.
Metsanhoidollinen aktiivisuus yksityistiloilla
[Silviculture activity in private forests]. Julkaisussa:
Ovaskainen, V. & Kuuluvainen, J. (eds.). Yksityis-
metsanomistuksen rakennemuutos jametsien kaytto.
M etsantutki musl aitoksen tiedonantoj a484:60-74.

Journal of Forest Byineering -

37



38" Jourrd of Forest Bygireering

[19] Pilkerton, S.J., H.-S. Han, and L.D. Kellogg. 1996.
Quantifying residual stand damagein partia harvest
operations. In: Blinn, C.H.& Thompson, M.A. (eds.).
Planning and implementing forest operations to
achieve sustainable forest. Proceedings of papers
presented at the Joint meeting of the Council of Forest
Engineering and International Union of Forest
Research Organisations. Marquette, Michigan, USA.
July 29- August 1, 1996:62-72.

[20] Ripatti, P. 1996. Factors affecting partitioning of pri-
vateforest holdingsin Finland: A logit analysis. Acta
ForestaliaFennica252. 84 p.

[21] Sirén, M. 1990. Pienet hakkuukoneet varhaisissa
harvennushakkuissa. NSR-tutkimus. [Small multi-
function machines in early thinning operations.] A
joint Nordic NSR-study. FoliaForestalia743. 29 p.

[22] Séteri, L. andJ. Orn. 1998. Puunkorjuun japuutavaran
kaukokuljetuksen kustannukset vuonna 1997.
[Timber harvesting and long-distance timber
transportation costsin 1997.] Metsatehon katsaus 1.
4p.

[23] Wasterlund, 1. 1986. The strength of bark on Scots
pine and Norway spruce trees. Sveriges
lantbruksuniversitet, Institutionen fér skogsteknik.
Rapport 167. 100 p.



