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Linear optimization model was used to calculate seven wood procurement scenarios for
years 1990, 2000 and 2010. Productivity and cost functions for seven cutting, five
terrain transport, three long distance transport and various work supervision and scaling
methods were calculated from available work study reports. All method’s base on
Nordic cut to length system. Finland was divided in three parts for description of
harvesting conditions. Twenty imaginary wood processing points and their wood pro-
curement areas were created for these areas. The procurement systems, which consist of
the harvesting conditions and work productivity functions, were described as a simula-
tion model. In the LP-model the wood procurement system has to fulfil the volume and
wood assortment requirements of processing points by minimizing the procurement
cost. The model consists of 862 variables and 560 restrictions.

Results show that it is economical to increase the mechanical work in harvesting. Cost
increment alternatives effect only little on profitability of manual work. The arcas of
later thinnings and seed tree- and shelter wood cuttings increase on cost of first thinnings.
In mechanized work one method, 10-tonne one grip harvester and forwarder, is gaining
advantage among other methods. Working hours of forwarder are decreasing opposite to
the harvester. There is only little need to increase the number of harvesters and trucks or
their drivers from today’s level. Quite large fluctuations in level of procurement and cost
can be handled by constant number of machines, by alternating the number of season
workers and by driving machines in two shifts. It is possible, if some environmental
problems of large scale summer time harvesting can be solved.
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Preface

To celebrate its 40th anniversary, the Metsimiesten
sditio Foundation financed an extensive research
programme carried out in the period from 1989 to
1992 and entitled “Effects of the Structural Chang-
es in the Forest Industry on the Various Occupa-
tional Categories”. Several research institutes were
involved in the programme. The research team con-
sisting of the authors of this study was assigned to
prepare scenarios for resource requirements in tim-
ber procurement for the period 1990 to 2010. The
project was headed by Professor Esko Mikkonen.
Mr Arto Rummukainen, Lic.(Agr.For.), developed
the structure of the procurement model, analyzed
and computed the model input data and the limita-
tions of the linear model including the final results
together with Mr Heikki Alanne, M.Sc.(Agr.For.).
Mr Alanne made the data input and output routines,
carried out with the Excel spreadsheet software,
and formulated the optimization sections of the
model for the XA linear programme. The research
report was written by Mr Arto Rummukainen, ex-
cept for the section discussing the structure of the
linear model, the equations used in the model and
the validation of the model, which were authored
by Mr Heikki Alanne. Mr Esko Mikkonen wrote
preliminary manuscript for the chapter dealing with
model selection. For the releasing of whole re-
search program of Metsidmiesten siddtio Foundation
at the Forest Week in Tampere, authors wrote a
broad publication for Finnish conditions (Rummu-
kainen et al. 1993).

The views of experts in timber harvesting con-
cerning the future development of timber procure-
ment in the short term were collected by Mr Jouni
Vantaala, M.Sc.(Agr.For.), to be used as reference
data. Ms Outi Mikkonen, M.Sc.(Agr.For.), was in-
volved in the project working on a hourly basis. Many
of the researchers involved in the other projects in-
cluded in the programme also contributed to this
project. Of special importance was collaboration with
Mr Arto Koistinen, M.Sc.(Agr.For.), of the Finnish
Work Efficiency Institute, Mr Heikki Seppild,
M.Sc.(Agr.For.), of the Finnish Forest Research
Institute, and Dr Veli-Pekka Jirveldinen of the Uni-
versity of Helsinki.

Warm thanks to Mr Erkki Eilavaara (M.Sc.
(Agr.For.), representative of the Forest Employers
Association), Mr Ilppo Greis (M.Sc.(Agr.For.),
employer representative of Forest Centre Tapio), Mr
Markku Maukonen (Departement manager of Finn-
ish Truck Owners Association), Dr Pekka Mékinen
(senior researcher in the Finnish Forest Research
Institute), Mr Mauno Pesonen (M.Sc.(Agr.For.),
researcher in the Finnish Forest Research Institute),
Mr Harri Rumpunen (M.Sc.(Agr.For.), representa-
tive of the Transport User’s Association of Forest
Branch), Mr Seppo Ryyninen (M.Sc.(Agr.For.),
office manager in Work Efficiency Institute, Field
Research Station Office, Rajamiki) and Mr Mark
Waite (M.Sc.(Agr.For.), researcher in University of
Helsinki, Department of Forest Resource Manage-
ment) for their trouble when they made calculations
from their original unpublished materials specially
for this study.

Other important contributors representing parties
outside the research programme included Metsite-
ho, where Mr Vesa Imponen, M.Sc.(Agr.For.), in
particular was of great assistance by placing his
knowledge at our disposal. Ideas that helped this
project along were presented by Professor Pentti
Hakkila, Mrs Marja-Liisa Juntunen (M.Sc.(Env.)),
Dr Pekka Mikinen and Dr Heikki Smolander of the
Finnish Forest Research Institute in the course of
discussions held at the time when the study was ac-
tually in progress. Late Mr Paul Service translated
the manuscript in English.

We wish to express our gratitude to the Metsidmies-
ten sditio Foundation for introducing an interesting
subject of study and for ensuring the necessary re-
sources for its implementation. Excellent facilities
for the execution of the project were provided by the
Helsinki University Department of Forest Resource
Management, formerly Department of Logging and
Utilization of Forest Products, and by the Depart-
ment of Forest Production, formerly the Forest Tech-
nology Department, of the Finnish Forest Research
Institute. We also wish to extend warm thanks to the
numerous other people who helped us with the prep-
aration of the present study.
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List of Symbols and Terms

Terminology follows Nordic forest work study
recommendations (Nordisk ... 1978).

Dividing of the time:

Effective time =E
The time required to perform a specified work
element which directly or indirectly changes the
work object in regard to its form, position or state.
+ shorter than 15 min delay times = D5

= Gross effective time =E;s
+ machine service time =D;
+ machine repair time =D,
+ personal delay time =D,
+ operational delay time =D,
+ tool delay time =D,

= Work place time =W
+ moving time =B,

= Total working time =T

Time units:

cmin = centiminute
h = hour

d = day

m = month

a = year

Volume units:

m? = cubic metre

Wood assortment’s volume = wood assortment’s sol-
id volume with bark.

Stem volume = stem’s merchantable solid volume

with bark.

Density units:

Density of stand = stand’s volume or number of stems
divided by the treated area.
m?/ha or r/ha (r = number of stems)

Density of drain = volume of removed stems divided
by the treated area. m*/ha.

Wood assortment density in off-road transport = vol-
ume of the wood assortments which are transport-
ed at the same time divided by length unit of strip
road. m¥/100 m strip road.

Time consumption units:

Time consumption = time duration of chosen work
phase divided by number or volume of trees which
has been treated in this work phase. Abbreviation
of time consumption is C***, where *** is abbre-
viation of work phase, wood assortment, machine,
working method or other corresponding.
h/m3, cmin/m?, cmin/dm?® or cmin/r

Productivity units:

Productivity = treated number or volume of stems

divided by time, which elapsed to perform this
work phase.
Abbreviation of productivity is P***, where ***
is abbreviation of work phase, wood assortment,
machine, working method or other corresponding.
m¥/h

1 Introduction

1.1 Predicting the Future

Since the 1980s, one-grip harvesters have made
it possible to mechanize the final stage of the
timber procurement process. Further improve-
ment of the machinery, improved operator skills,
the successful introduction of automatic scaling
by logging machines and good financial per-
formance permitted the use of forest machines in
virtually all conditions ranging from clear cut-
ting to first thinning. The profound change in the
amount and character of forest work, which took
place as a result of mechanization, arouses a
question to find out how much work there will
be in the forest in the future and who will do it.

Forsome 20 years now, Metsiteho has prepared
forecasts concerning the volume of forest work
and related costs using simulation and optimiza-
tion models (Mikkonen et al. 1975, Eskelinen et
al. 1978, Imponen et al. 1985). The main theme of
these studies predicting increasing mechanization
proved correct but the forecasts predicting the rate
of change sometimes differ greatly from what
actually happened towards the end of the predic-
tion period because both the machinery and the
forest organizations underwent major changes in
the 1970s and 1980s before assuming their cur-
rent form.

Predicting the future is particularly common in
economics. The latest forecast for the Finnish
economy as a whole predicts a slow growth rate,
accompanied by a sluggish increase in employ-
ment made possible by new fields of industry
(Avautuva ... 1993). However, the authors have
identified a number of critical conditions that must
be satisfied before the predicted development can

materialize. For the short term, it is possible to
prepare fairly reliable forecasts because many
aspects are closely linked to the existing struc-
tures. Forecast periods extending over several
years involve so many optional paths of develop-
ment, such as rapid political changes, that any
such prediction is bound to be based on subjec-
tive views rather than mathematical trends.

1.2 Purpose of the Study

The primary objective of this study is to make
scenarios on future resource requirements in tim-
ber procurement and the changes in prevailing
conditions up to 2010. To this end, a timber
procurement model was devised to make it pos-
sible to examine the resources required for tim-
ber procurement and to optimize them under
given restrictions. The model is based on nordic
shortwood methods.

The model covers the current and foreseeable
optional courses of action in both industrial and
small-scale harvesting by private woodlot own-
ers, transportation and wood yard operations. Pri-
marily, the model is based on forestry economic
criteria in national level, so the individual calcu-
lations for one forest owner, or on areal or compa-
ny level, for instance, may result slightly differ-
ent outcome.

The results computed by means of the model
are compared with the views of the future held by
the decision-makers in the industrial procurement
organizations, a separate study of which was com-
pleted previously (Vantaala 1990).



2. Preparation of the Procurement Model

2.1 Timber Procurement Models

Timber procurement consists of a series of oper-
ations that actually modify the raw timber or
carry it from one location to another, such as
cutting, preparation of timber assortment, off-
road and on-road haulage, as well as financial
and administrative actions such as timber trad-
ing, stand marking for cutting purposes, storage,
scaling, work supervision (Eriiden...1984). Usu-
ally, timber procurement is carried out in Fin-
land by timber procurement companies, the
woodlands operations departments of the forest
industry companies, the Finnish Forest and Park
Service in its own forests, woodlot owners and
private forestry associations, which charge a fee
for such services. The range of optional courses
of action is further increased when all the alter-
native trading, design and scaling methods are
included. Another fact that complicates the prep-
aration of a model is that the various operations
can be carried out at different times and in a
variable sequence. Major seasonal fluctuations
in the amount of work by type are observed due
to the climatic conditions, customs and even laws.

Simulating timber procurement by means of
models is difficult because of the high number of
variables and their divergent inter-dependencies.
Asaresult, reality must be simplified both in terms
of the number of operations and their impact.
Factors that have a real effect also have to be ig-
nored because of the problems related to the ac-
quisition of input data and in order to prevent the
model from becoming too extensive.

As far as timber procurement is concerned, fac-
tors that undergo slow changes over several dec-
ades are the structure and growth of the forests,
possibly including land ownership. Large pulp and
paper mills and major sawmills have a economic
service life ranging from a couple of years to about
20 years, which is equal to the period required to
pay back the investments. The volume of timber
used and the quality of the raw material vary from

year to year, if not more often. Old mills, partic-
ularly sawmills, are closed down within a space
of a few months. The existing harvesting and trans-
port fleet have an economic life of 5 to 10 years.
Old machines can be scrapped but the develop-
ment and procurement of completely new models
will take at least a couple of years. As a result, the
harvesting techniques can be selected from among
methods that are capable of being employed with
the existing equipment. Cutting down the number
of machines and manpower is so easy and quick
as to be inexcusable, while at the same time it is
getting extremely difficult to recruit profession-
ally qualified extra staff. At present, it is the har-
vesting organizations that are undergoing the fast-
est changes.

Armstrong (1985) suggests methods for reduc-
ing errors due to subjectivity, the following of
which were also used in this study. Sound input
data is the most important single prerequisite for
making predictions. Any forecast that consists of
several components must be prepared as a sum-
mary of all the individual forecasts to ensure that
the special data included in the component parts
are not lost. Various optional courses or levels of
development should be experimented with in or-
der to test sensitivity to change. Any prediction of
future development should always be based on
several methods.

In the U.S.A., a couple of computation pro-
grammes for selecting the most economic har-
vesting methods are used. The Harvesting Sys-
tem Analyzer (HSA) is a Pascal-language menu-
controlled application that computes the time and
cost required by given machines in selected stands
marked for cutting (Hendricks 1985). The stand
is described by a few entries indicating the type of
timber, terrain and distances. The Auburn Har-
vesting Analyzer (AHA) is a simpler spreadsheet
application designed to compare productivities
and costs between various chains of machines in
given conditions (Reisinger et al. 1988). These
applications are used by both the forest industry

Rummukainen, A., Alanne, H. & Mikkonen, E.
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and the harvesting companies.

An overview of the development of modelling
in timber procurement is provided by Mikkonen
(1983). Usually, the first operation to be mod-
elled is long-distance haulage, where linear mod-
elsare used to optimize the most economical trans-
portation route between storage areas and process-
ing points. Pulkki (1984) computed the most eco-
nomical transport options for the forest industry
in eastern Finland using a location-database heu-
ristic programming system. Korpilahti (1990)
added the time factor to his own models. The har-
vesting cost forecasts made by means of Metsiite-
ho’s simulation and optimization models were
already mentioned in the previous chapter (Mik-
konen et al. 1975, Eskelinen et al. 1978, Imponen
et al. 1985).

Methods have also been devised to steer the
selection of the harvesting method by means of
simulation models where natural change is simu-
lated using random fluctuations (Stuart 1980).
Heindmiki (1991) studied the optimum use of
forklift trucks at timber terminals using the linear
models. Imponen (1992, and Imponen et al. 1992)
used the linear model to compute the financial
and organizational effects of mechanised cutting
from the point of the view of the harvesting or-
ganization.

Since the early 1970s, the forest departments of
Finnish companies have had access to optimiza-
tion models for haulage operations that were pre-
viously used to compute the optimum haulage
areas for the various mills, mainly to serve as a
basis for strategic decision-making. The current
models developed from these usually provide for

several timber assortment types and modes of
transportation. To a great extent, they make use
of the transport algorithm or LP model. Certain
companies have developed “forest models” to
examine the entire procurement chain from the
stump to the mill. They can include linkages to
product conversion and even marketing. These
models are designed for the mainframe environ-
ment, serving mainly long-term planning and stra-
tegic decision-making. To date, they have been of
little operative importance.

2.2 Model Structure
2.2.1 Linear Model and Problem Description

A genuine timber procurement system includes
a large number of variables and limitations but
usually only a few of these actually define the
performance of the system. The selected varia-
bles and the degree of success in the design of
the model determine how effectively an optimi-
zation model, which is necessarily always sim-
plified, can simulate reality. For the purposes of
this study, timber procurement was understood
as a raw material flow process that consists of
consecutive stages, each of which draws upon
different resources. The procurement model was
built up with due regard to timber usage, the
physical features of the operating area and the
methods of harvesting and haulage.

Linear optimization satisfies most of the theo-
retical requirements imposed on a sound planning
algorithm. For one thing, it is highly practical. It
is easy to use, the results allow simple interpreta-

lﬁescn’pﬁon of wood consurnp'rion] | Description of procurement orecﬂ

I@seripﬁom of logging- and transport meThodsl

Calculation of productivities and
costs under given conditions

rOptimotion mocﬂl

Resource requirements and coﬂ

Fig. 1. The structure of wood procurement model.
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tion, and it operates in most data processing envi-
ronments (Mikkonen 1983). The chief weakness
of the linear model is one-sided problem presen-
tation. Therefore the use of the optimization model
requires post and sensitivity analysis.

The general form of the mathematical program-
ming is as follows (Hillier & Lieberman 1974,
Simmons 1972):

Object function f(x;, x,,...,.X,) must be maximized/
minimized subject to limitation g; (X;, Xo,...,X,) < b;
where j = 1,....m.

Linear optimization is used for analyzing the
special problems associated with mathematical
programming, where functions f and g; are line-
ar, i.e. first-degree functions. The problem of
linear programming can be expressed in the stand-
ard form of the LP model:

Maximize / minimize:
Z=C1X] + CoXp +...+ CpXyy

Subject to limitation:

anXy +apx2+...+a;X, <by
a21X] +anXa+...+anXx, <bs

AmiX] +am2X2+...+amnXy < by
X120, x220, ..., X, 20,

where m < n and the limiting equations are linearly
independent.

The model is used as an iterative process where
the basic solution is first calculated without any
determining limitation. If necessary, the input
values are then modified by imposing limita-
tions specific to each run and rerunning the pro-
gram until a feasible solution is achieved. To
attain reliable results, the input data must be
correct. Allowance must be made for individual
limiting factors according to each situation cal-
culated. To obtain more data from the computa-
tion process, the results are interpreted by means
of sensitivity analysis and shadow-price analy-
sis.

Procurement is described in this study by means
of a simulation model consisting of mathematical
dependencies and executed with the Excel spread-
sheet software from the Microsoft Corporation
(Excel 1992). To compare the cost of the optional
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systems, standard linear optimization (LP) was
selected and executed with the XA-LP software
of Sunset Software Inc. (XA ... 1987). The input
data consisted of the harvesting conditions and
productivity functions of the systems. The output
of procurement systems have to supply the given
raw wood needs of mills. In the linear model, the
cost function used in the optimization model min-
imized the cost of procurement required to fulfil
needs of mills. The resource requirements are
computed from the solutions for minimum costs.

2.2.2 Performance of Procurement Simula-
tion

For procurement simulation purposes, Finland
was divided into three areas: western Finland,
eastern Finland and northern Finland (Fig. 2).
By this division, it is possible to take account of
changing procurement conditions and include
more operating areas without making the model
too extensive to handle. In terms of time, the
model divides the year into four procurement
periods whose duration can be freely selected.
This makes it possible to take into account the
operating conditions in the various periods and
to examine the variations in procurement vol-
umes from period to period.

The timber utilization volumes are derived from
the total consumption of timber by the forest in-
dustry, of which only the percentage of domestic
timber is taken into account in the calculation of
procurement volumes. Timber utilization is di-
vided by area into timber assortments and end-
uses as percentages of total consumption. The total
volume by timber assortment and end-use is dis-
tributed among 20 imaginary processing points
located in each area. The desired long-distance
haulage modes complete with distances and un-
loading systems are then selected for the procure-
ment areas.

For each operating area, descriptions are pro-
vided of the volume of timber to be cut, its densi-
ty, tree species distribution, timber assortment
distribution, stem size distribution, branchiness,
off-road haulage distance and its degree of diffi-
culty for the following types of stands marked for
cutting: first thinning, other thinnings, clear cut-
ting yielding mostly medium sized trees, clear
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Fig. 2. Division of Finland into three sub areas used in
this study and location of main forest industry
(The Finnish... 1991 and Ylitalo et al. 1990).

cutting yielding mostly large trees (sawlog-dom-
inated), cutting for seed and shelter tree position,
and removal of seed and shelter trees. Local val-
ues have been computed from the statistics on the
scaling of standing trees (Lassheikki 1989).
Methods were selected for cutting, off-road and
long-distance haulage as well as related adminis-
trative actions and then combined into sensible
operating chains. The working methods are de-

scribed by mathematical models prepared on the
basis of the available research data, where pro-
ductivity is expressed as a function of the given
work-difficulty factors.

2.2.3 Resource Optimization

The variables in the optimization matrix consist
of the timber volumes to be harvested and ex-
changed (given by timber needs of the mills), the
timber volumes to be harvested and transported
by different methods, and the human and ma-
chine resources employed. The cost factor used
in the objective function for each variable is the
related unit cost, either FIM/m* or FIM/h. The
objective function gives a solution where the
costs of timber procurement to supply the mills
are minimized within the limitations imposed by
the timber volumes and availability of resources.
The objective function and variables for the model
are presented in appendix 1.

The limitations used in the model are the timber
volumes per processing point and period, the ra-
tio of small-scale private harvesting to industrial-
scale harvesting, periodical fluctuations in har-
vesting and mill yard operations, the restrictions
on harvesting imposed by the periods and meth-
ods available and the restrictions imposed by long-
distance haulage systems by period and process-
ing point. The manpower and machine resources
required by harvesting and haulage restrict the
use of various harvesting and haulage methods
where appropriate. The values of these limitations
are used as inputs in the model. They ensure that
the result given by the model is practicable in re-
ality.
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3 Basic Model Data

3.1 Description of Timber Consumption

The volumes of timber used by the forest indus-
try in 1990 were obtained from the statistics
(Yearbook of Forest Statistics 1990 and 1992,
and Ylitalo et al. 1990). Of this total consump-
tion, use of the domestic raw timber by timber
assortment and end-use was examined separate-
ly (Yearbook of Forest Statistics 1990). Con-
sumption of timber by assortment and end-used
by the industry was broken into percentages by
area by dividing the total volume of a specific
type of timber between the areas in proportion to
the area-specific capacity as a percentage of total
industrial capacity. The location data and maxi-
mum production capacities were obtained from
The Finnish Timber and Paper Directory (Han-
nula 1991).

The figures indicating local consumption by
timber assortment and end-use were divided be-
tween 20 imaginary processing points (Hannula
1991). Except for northern Finland, several mills
had to be combined into a single processing point.
To do so, the total capacity of a branch of industry
in a given area was divided into processing points
of suitable size in proportion to the capacities of
individual mills. For example, some sawmills were
selected to process pine and some fir. An example
of the processing points with the 1990 and 2010
consumption figures is presented in Appendix 2.
Fig. 2 shows the areas and the location of the most
important mills.

The description of the procurement areas for
the imaginary processing points is arbitrary. The
size of the procurement area was calculated as the
area of a circle drawn around a mill by timber
assortment. If timber consumption by any single
processing point represents that of several points,
the area was calculated according to a single
processing point to ensure that such over-con-
sumption does not mix up the haulage distances.
The size of a procurement area is determined by
the average hectare yield of each wood assort-
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ment. Yield was determined on the basis of the
rotation time in the area, the area percentages of
development classes and yields by cutting objec-
tives (Lassheikki 1989, Yearbook of Forest Sta-
tistics 1989). The figure was adjusted by adding
to the necessary area watercourses and areas used
for purposes other than timber production (Year-
book of Forest Statistics 1990).

The procurement area was arbitrarily increased
by the company’s share of the total procurement
by all the companies in the area. The procurement
area was shaped as a segment of a circle drawn
around the mill. This was necessary because many
mills are located on the coast or near national
borders, meaning that the procurement area can-
not be a full circle. Because the mills are usually
situated either in or near population centres, the
procurement area was increased by means of a
“restriction” radius around the mill. The average
haulage distance, as the crow flies, was calculat-
ed as a section of the radius of the procurement
area so that the area outside and inside such a
section is equal. The distance obtained thereby
was modified by the bending coefficient:

/ A-360
\l 1§
ST
da = ( I )
\/Z smy
where
d, = average transport distance of the procurement area, km
A = wood procurcmcm area, km-
s = shape of the procurement area: sector, °
rs = radius surrounding the mill with no wood procurement, km

m, = bending coefficient.

This number is about 5 % larger than the correct
average transport distance, which can be ob-
tained by taking the integral of average radius
weighted by area over the limits of radius sur-
rounding the mill to radius of the whole sector.
As a rule, the transportation route twists and
turns both in the forest and near the population
centres and so departs greatly from the shortest
distance between two points. The longer the trans-
portation distance, the greater the stretch head-
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ing straight towards the mill, meaning that the
true distance differs less from the straight-line
distance. Theoretically, the bending coefficient
can, for example, be expressed as a ratio of the
length of the divider of a rectangle to that of the
sides. The divider represents the distance as the
crow flies whereas the sum of the length of the
sides represents the real distance to be covered.
The bending coefficient is low when the length
of the road section leading straight towards the
mill is great as compared with the twists and
turns at the beginning and end of the journey. A
ratio of the rectangular sides of 1 to 2 gives a
bending coefficient of 1.33. Using his own trans-
port model, Pulkki (1984) calculated, for the
bending coefficient, an empirical value of 1.34
for the haulage of pulpwood over the average
distance of 200 km in eastern Finland. Accord-
ing to Pulkki (1984), the corresponding figure
for rail haulage is 1.51 and for floating 1.76.
Both include carriage by road at the beginning of
the transportation chain.

Optional transportation modes were selected for
the processing points according to mill location
and operating conditions. As a rule, the haulage
distances were computed using Pulkki’s (1984)
bending coefficients. For carriage by rail or float-
ing, the length of the initial leg (by road) was
determined from the distance data provided by
Alve (1988), Laajalahti and Pennanen (1989), and
Pulkki (1984). The floating option was not con-
sidered for western and northern Finland. Simi-
larly, railway and floating options were not con-
sidered for minor processing points or average
haulage distances of less than 100 km. For each
processing point, the unloading system was de-
fined arbitrarily, including the trans-shipment
system for rail and float carriage, along the lines
suggested by Alve (1988). Descriptions of the
procurement areas assumed for the various
processing points are given in Appendix 2.

3.2 Description of the Area

Of all the commercial timber felled in Finland,
as divided for the purposes of this study. 45 % is
cut in western Finland, 35 % in eastern Finland
and 20 % in northern Finland (Yearbook of For-
est Statistics 1990). The forest areas by area,

development class distributions, and areas sub-
ject to cutting or silvicultural operations have
been calculated as sum totals and averages of the
values compiled by forestry boards in the area
concerned (Yearbook of Forest Statistics 1989).
For each area, six typical stands were marked for
cutting: first thinning, other thinnings, clear cut-
ting yielding medium sized trees, clear cutting
yielding mostly sawlogs, cutting for seed and
shelter tree position, and removal of seed and
shelter trees.

For the stands, descriptions are provided for the
volume of timber by stem type, stand density, tim-
ber assortment, out-turn distribution according to
stem size class, area of the stand, branchiness class
by timber assortment (Metsi- ja...1990), off-road
haulage distance and terrain class (Tavoite-
ansioon...1990). At first, the stands were defined
by scaling standing trees (Lassheikki 1989). How-
ever, such scaling data is distorted because this
method is best suited for clear cuttings. The ex-
tent to which trees are scaled while standing var-
ies from one company to another. Trees intended
for delivery cutting are hardly ever scaled while
standing. It can be assumed that statistical errors
are most common in stands marked for thinning
because that is where this method of scaling is
used most rarely.

Stand-specific data on harvesting conditions is
not readily available so that the typical stands were
arbitrarily modified on the basis of data gathered
from several sources (appendix 3) (Puunkorjuu...
1990, Alve 1988, Yearbook of Forest Statistics
1989, Tapion... 1990, Voipio 1990). In general,
the size of the stand and felled volumes were low-
er than those suggested by the statistics (Lassheikki
1989). For each type-stand it was created stem
distribution tables for all three tree species. Each
table show the number of stems and the average
tree volume in 20 breast height classes. The small-
estclassis 7...9 cm diameter at breast height. Class-
es grow up to 43 cm diameter by 2 cm intervals.
The largest class includes all trees, which diame-
ter is larger than 45 cm at breast height. This divi-
sion into classes was necessary to find the basis
for calculating the productivities of cutting and
scaling works. The felled volume of the stands
according to stem diameter distribution was mod-
ified for stands marked for thinning along the lines
suggested by the calculations made by Lilleberg
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and Raitanen (1989).

Haulage distances were adjusted on the basis of
data available on individual companies (Puunkor-
juu....1990). The fact that the data on stands meas-
ured using the standing scaling technique
(Lassheikki 1989) were distorted became evident
during initial calculations when the computed
logging out-turn gave a hardwood volume that
was lower by several orders of magnitude than
that indicated by the industrial statistics (Ylitalo
et al. 1990). Tree species distributions in typical
stands in northern Finland were adjusted arbitrar-
ily to better agree with the industrial statistics.

The out-turn of the typical stands is divided into
timber species using Mr. Mark Waite’s (M.Sc.
(Agr.For.)) (Researcher in University of Helsin-
ki, Department of Forest Resource Management)
Sortim program. The program determines the stem
shape by means of stem curves given by Lahtinen
and Laasasenaho (1979). User of the program
inputs tree species, breast height diameter and
accepted minimum diameters (in cm) and lengths
(in dm) of logs and pulpwood. The program cal-
culates the utilizable volume of logs, pulpwood
and top waste wood.

3.3 Description of Procurement Methods
3.3.1 General

The 26 procurement systems used in this study
consisted of logical combinations of various log-
ging, off-road and long-distance transport modes
and administrative procedures. For each type of
stand marked for cutting, 13 to 19 commonly
used methods were selected. Mathematical pro-
ductivity models were prepared for each sub-
method on the basis of available productivity
studies. It was impossible to find comparable up
to date productivity material for all work meth-
ods. For instance manual cutting method materi-
al is basically about ten years old (chapter
3.3.2.1.1). Some studies give time consumption,
some productivity. Most productivities are shown
in publications as hand smoothed curves with no
original data points. The range of variation of
original observations varied much.

The variability of original data leads to prob-
lems in describing the productivities of work
methods. For instance the productivities versus
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stem sizes had to be extrapolated from 20 to 2000
dm? stem volumes for all methods used in regen-
eration cutting stand types. The reasonability of
all extrapolations was checked for the conditions
of all six type stands. The number and importance
of depended factors given by publications varied
much. For all these reasons the form of the pro-
ductivity models are not uniform and elegant. For
the same reasons it usually was not possible to
calculate statistical reliability factors for the mod-
els. Each model’s ability to follow the dependen-
cy curve of original publication is usually shown
in figures. The models are mostly only case mod-
els, which can not be fitted with new time study
data for predicting new conditions.

For each stand type, options are provided for
action by both industrial procurement organiza-
tions and private woodlot owners. The felling
systems considered were: a logger, woodlot own-
er at two different standards of professional skills,
8-tonne and 10-tonne one-grip harvesters operat-
ing separately and as part of a wider system, and
a two-grip harvester. The scaling methods were:
scaling at road-side, scaling bunches, scaling of
standing trees by the logger, automatic scaling by
logging machine. The transport fleet options were:
a farm tractor fitted with a hydraulic skidding
grapple or hydraulic loader and a trailer, 8-tonne
and 10-tonne forwarders operating separately and
as part of a wider harvesting chain, and a light
crawler forwarder.

In linear model the time consumption of manu-
al and harvester cutting was calculated stem by
stem using the stem distribution of each type stand.
The time consumption of terrain transport was
calculated using the average conditions of each
six type stand.

3.3.2 Productivity and Time Expenditure
Models for Cutting

3.3.2.1 Labour-Intensive Cutting

3.3.2.1.1 Professional Loggers

Calculation Bases

In the absence of up-to-date scaling data and
information on the productivity of work carried
out at the various planning stages, productivity
was computed inversely from the employment
contracts in force in 1990 (Metsi- ja...1990). To
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a great extent, the contracts are based on the
productivity relations arrived at in the compre-
hensive work study for determining piece rates
by Kahala (1980) and productivity levels sug-
gested by long-term follow-up statistics. Over
the years, new work operations and methods
have been added as a result of collective bar-
gaining. The productivity equations applied to
cutting operations carried out by private woodlot
owners are based on the productivity models
developed for professional loggers, from which
a certain percentage is subtracted in the way
explained below.

The productivity functions for effective time
expenditure in timber logging by professional
loggers were computed for pine, spruce and hard-
wood in accordance with the tables included in
the collective labour contract for forest work
(Metsi- ja ... 1990) in the summer season and in
winter conditions with a 45 to 64 cm thick blanket
of snow for six cutting operations, namely:

First thinning

— scaling of standing trees by the logger. S-metre
pulpwood bunched on a 10-metre zone

— scaling at road-side, 3-metre pulpwood bunched
on a 10-metre zone

Other thinnings

— scaling of standing trees, S-metre pulpwood
bunched on a 10-metre zone

— scaling at road-side, 3-metre pulpwood bunched
on a 10-metre zone

Clear cutting

— scaling of standing trees, 5-metre pulpwood
bunched on a 10-metre zone

— scaling at road-side, 3-metre pulpwood bunched
on a 10-metre zone.

For each working method, cutting wages were
computed per cubic metre by which the mean
daily earnings were then divided (Tilastokatsaus
1990). This gave the daily output which was
divided by the average effective working hours
of a logger (Pajuoja 1986), the result being pro-
ductivity per effective hour. Productivities per
effective hour were calculated for all stem sizes.
According to the employment contract, the larg-
est stem size class is 626 dm’. For stems larger
than this, productivity values were extrapolated
up to 2000 dm*. The productivities of the cutting

methods were tabulated by stem size class. Us-
ing the Statgraphics 4.0 (1989) statistics applica-
tion, the cutting productivity functions by timber
assortment were incorporated into this data. The
cutting methods used in first thinning were proc-
essed as a separate set of equations independent-
ly of the methods used in other thinnings and
clear cutting because the form of the first-men-
tioned equations differed so much from the oth-
ers.

Productivity Models for Effective

Working Hours

Productivity equations calculated for effective
working hours in cutting operations carried out
by professional loggers:

First thinnings:

Pine

PEmmcI = e-0.613 + 0.0491(mi) — 0.0883(ka) + 0.281In(vk) - 0.0136 y(vk) (2)
Spruce

PEkmcl - em_w‘x +0.0343(mi) — 0.0933(ka) + 0.320In(vk) - 0.0160 v (vk) (3)

Broad-leaved

— —0.789 + 0.0650(mi) — 0.0955(ka) + 0.343 k) - 0.0180 'k
PEhm-] =e (mi S(ka) In(vk) 180 y/(vk) (4)

Clear-cuttings and thinnings, excl. first thinnings:
Pine

PE - en_}:‘ul 104(mi) - 0.0730(ka) — 0.101(ht) - 0.2351nvk) + 0.0703(In(vk))"
mmeA
0.42107vk)? + 0.0487-107 3 (vk)? R
Spruce
PE _— c4\Mh\cli\I\\:Jmu)—uu‘:(xk.n—li 124(ht) - 0.131In(vk) + 0.0571(In(vk))*—
kmeA=
0.305-107°(vk)* + 0.0319-107(vk)* (6)
Broad-leaved
PE = eu 458 + 0.0984(mi) — 0.0745(ka) — 0.127(ht) = 0.00167(vK) - 0.391In(vK) +
ImeA —
0.110(In(vK))* + 0.284-107°(vk) 7
where
PE-ne# = productivity of professional logger. m”/h (effective time)
+ m = pine, k = spruce, | = broad-leaved
# 1= first thinnings, A = clear-cuttings and thinnings.

excl. first thinnings

method of scaling: 0 = scaling at road-side or scaling of
pulpwood in bunches. 1 = scaling of standing trees
snow depth class: 0 = no snow, 3 = 45-64 cm

volume of merchantable bole, dm3

method of cutting: 0 = clear-cutting. 1 = thinnings. excl.
first thinning.

mi
ka
vk
ht

nwonn

The coefficients of determination with regard to
the scatter plots computed from the labour con-
tract (Metsi- ja ...1990) are 98.4 % to 99.7 %
according to tree species and cutting method.

—
N
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The number of observations for each tree spe-
cies is 44 for first thinning-stands and 144 for all
other type stands.

Expenditure Models for Effective Working Hours
and Work-Site Time
The effective time expenditure models are ob-
tained from productivity equations by dividing
the selected time unit by the productivity equa-
tion. From the effective working time computed
with the models, it is possible to obtain produc-
tivities in terms of work-site time by adding to
the effective working hours interruptions for 17.6
%, which is obtained from the 15 % interruption
time computed from the work-site time (exclud-
ing meal breaks) included in Kahala’s (1980)
work study for the determination of piece rates.
Here work-site time is equivalent to production
time (see list of symbols) excluding personal
breaks for meals.

Then the time expenditure functions for work-
site time can be expressed as:

! 8
e = LA (productivity function for effective time) ®)
60
where

CW- = consumption of total working time for alternative species
and cutting methods, min/m?>.

Productivity Models for Working Hours
The equations for working hours are converted
into cutting productivity equations as follows:

60
PW.=—— 9)
CW-:
where
PW: = productivity of cutting, m3h (work time)
CW- = time expenditure of cutting, min/m? (work time).

The productivity of working hours calculated by
means of productivity equations is usually lower
in first thinning than suggested by Kahala’s
(1980) time study (examples given in Fig. 3).
The difference is greatest with birch. With small
stems, the equations are closer to the values ob-
tained by Kahala (1980). In clear cutting, the
productivities computed with the equations are
identical to the results produced by Kahala
(1980). Since 1980, new duties related to scal-
ing, marking and access planning have been in-
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cluded in first thinnings that naturally reduce
cutting productivity.

3.3.2.1.2 Private Woodlot Owners

The productivity of small-scale private cutting
operations varies a great deal according to the
logger’s skills, experience, age, working meth-
ods and tools. The figures suggested by the Finn-
ish Work Efficiency Institute in its latest guides
are 0.53 to 1.88 m*/h for spruce (work-site hours)
as well as 0.65 to 2.32 m/h for pine and birch,
while the usable volume of the stem varies from
25 to 500 dm® (Metsinomistajan...1989 and
Valkonen 1990) (see the TTS curves in Fig. 3).
The models for the productivity of private cut-
ting consisted of the following professional-log-
ger models from which 25 % was subtracted:

First thinning

—  road-side scaling, 3-metre pulpwood bunched on
a 10-metre zone

Other thinnings

— road-side scaling, 3-metre pulpwood bunched on
a 10-metre zone

Clear cutting

—  road-side scaling, 3-metre pulpwood bunched on
a 10-metre zone

The productivity values applied by the Finnish
Work Efficiency Institute (Valkonen 1990) fall
between the minus 25 % productivity models for
professional loggers in snow-free conditions and
in conditions with a 50 cm blanket of snow (Fig.
3). In clear cutting, the Institute values remain
below the productivities achieved when scaling
standing trees.

3.3.2.2 Mechanized Logging
3.3.2.2.1 One-Grip Harvesters
Time Expenditure Models for Clear Cutting

Effective Time Expenditure

The most important single factor affecting time
expenditure by loader harvesters is the stem vol-
ume (Lilleberg 1990). Using Lilleberg’s (1990)
data, mathematical time expenditure models were
calculated for ordinary one-grip harvesters (weight

Rummukainen, A., Alanne, H. & Mikkonen, E.

Wood Procurement in the Pressure of Change

P;oductivity, m3h (work time) First thinnings (spruce, 03, P3, T1)

a)
—*— Equation KO
1.5 IS
i s ——5— Equation K3
// —
] ;/./ 075% KO
o —— 075% K3
* ./ Dy —
= —— TTS
05 //A/‘T/’
—— MT 1980
0 T T T + -

-~

0 20 40 60 80 100 120 140
Stem volume, dm®

Productivity, m¥h (work time)

Thinnings (Pine, 02, P3,T1)
5

a5{ b
4 ) ,//L R *—— Equation KO
35 il —o— Equation K3
2; g +— 075% KO
5 — " —=— 075% K3
159 o —— TTS
i & MT1980

1 i
05 f
0 4+—

0 100 200 300 400 500 _6 7!
Steon? th!(E’AOrneB,odorﬂ3

10 to 12 tonnes, maximum cutting capacity 35 to
55 ¢m). The best correlation between stem vol-
ume and time expenditure was provided by an
equation of the fourth degree. Because of the
nature of the basic data, the effect of other work-
ing conditions is calculated by adding the addi-
tional time expenditures as percentages to the
results yielded by the model. The basic equation
for effective time expenditure by one-grip har-
vesters when clear-cutting softwood is:

Conos = 33.00 + 0.107(vK) + 0.777-10(vk)? —
0.805-107(vk)* + 0.22-10-"(vk)* (10)

where

Chkh1oa = time expenditure in clear cutting of conifers by one-grip
harvester (10 t), cmin/tree (effective time)

vk = stem volume, dm-.

The clear-cutting equation is calculated with 27
observations extracted from Lilleberg’s (1990)
time expenditure curve. The high order of de-
pendent variable was needed to fit exactly the
original curve (Fig. 4). According to Lilleberg,
time expenditures due to hardwood, snow, un-
dergrowth and marking method should be added
to the model. In the present study, these addi-

L ,
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Fig. 3. Productivity curves of cutting by professional
loggers: cutting arc-string scaled spruce in first
thinnings (A), road-side scaled pine in thinnings
excl. first thinnings (B) and broad-leaved trees in
clear-cuttings scaled as standing trees (C). In each
sub-figure curve K0 notifies productivity in sum-
mertime and curve K3 productivity in winter with
50 ¢cm snow blanket. Productivity curves for pri-
vate woodlot owners for summer (O75%K0) and
for winter (O75%K3) represent productivities
which equal 75 % of the productivities of profes-
sional logger. For the sake of comparison curve
MT 1980 describes the productivity of the profes-
sional logger measured by Kahala (1980) and curve
TTS productivity for private woodlot owners esti-
mated by Valkonen (1990). More accurate expla-
nations in text.

tions include time expenditure due to handling
hardwood, another additional time expenditure
and the effect of breaks lasting less than 15 min-
utes. According to Lilleberg (1990), the average
additional time expenditure caused by handling
hardwood is 15 %. All the other additions due to
circumstances such as snow, undergrowth, etc.,
must then be included in the second additional
time expenditure. A 50 cm blanket of snow does
not result in a significant additional time ex-
penditure. All the additional times are calculated
as percentages of the time expenditure indicated
by the basic equation. According to Lilleberg,
breaks lasting less than 15 minutes account for
11.7 % of the time expenditure with these medi-
um-size loader harvesters.
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Production Time Expenditure

The production and working time expenditures
are computed by adding the necessary additional
times as percentages to the effective time ex-
penditure. In this study, the stand-specific effec-
tive time expenditure is calculated by summing
up stem-specific time expenditures to which the
interruptions are added as percentages. In this
model, the user interface makes it possible to
enter the following additional time expenditures
(percentages calculated of the effective time ex-
penditure) for the following: service and mainte-
nance (+5.32 %), repairs (+12.80 %), personal
breaks (+6.72 %), organization-related interrup-
tions (+1.65 %), and equipment-related interrup-
tions (+0.13 %). The time expenditure percent-
ages suggested by Lilleberg (1990) are given in
brackets. To obtain work time expenditure, the
time required for moving from one site to anoth-
er is added to the production time expenditure.
According to Lilleberg (1990), the average trans-
fer distance for one-grip harvesters between clear-
cutting areas is 47 km and its duration 2.2 h per
stand.

Time Expenditure Models for Selective
Thinning

Effective Time Expenditure

The best model for correlation between effective
time expenditure and stem size calculated on the
basis of Lilleberg’s study (1990) is of the second
degree:

Chiniov = 34.7 + 0.13(vk) + 0.125-10-5(vk)? (11)

where

Chkhiov = time expenditure in thinnings of conifers by one-grip
harvester (10 t), cmin/tree (effective time)

vk = stem volume, dm".

The equation is calculated with 27 observations
extracted from Lilleberg’s (1990) time expendi-
ture curve (Fig. 4). A productivity comparison
between one- and two-grip harvester is shown in
Fig. 5. As in the clear-cutting model, other fac-
tors affecting effective time expenditure are add-
ed to the effective time expenditure computed
from the basic equation. The additions are calcu-
lated as percentages of the time expenditure ob-
tained from the basic equation. According to
Lilleberg (1990), hardwood increases time ex-
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Fig. 4. Cutting clear-cuttings and thinnings by one-
grip harvester. Comparison of time expenditure
curves: clear-cutting (equation 10), thinning (equa-
tion 11) and MT90 -curves from Lilleberg’s study
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Fig. 5. Cutting clear-cuttings and thinnings by one-
and two-grip harvesters. Comparison of produc-
tivities by stem volume: 1-grip, clear-cut (equa-
tion 10); I-grip, thinning (equation 11); 2-grip,
clear-cut (equation 14) and 2-grip, thinning (equa-
tion 15).

penditure by 15 %. Operating time expendi-
ture is obtained by adding to the sum total the
percentage of breaks of less than 15 min com-
puted from the basic equation. With Lilleberg
(1990), this figure was 11.7 %.

Production Time Expenditure

Production and work time expenditures are com-
puted in the same way as in the clear-cutting
models. According to the Lilleberg’s results
(1990), the percentages of breaks are as follows:
service and maintenance 4.77 %, repairs 12.39
%, personal breaks 6.06 %, organization-related
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Fig. 6. Cutting clear-cuttings and thinnings by small-
harvesters. Comparison of productivity by stem
volume -curves: FF 743 (Sirén 1990); MT 2/89
(Miikeld 1989b); MT 5/91 (Teriavi 1991); 1-g H,
MT 5/91 (Teravi 1991); MT 10/89 (Mikelid 1989a);
1-g H, MT 10/89 (Mikeld 1989a); I-g H, clear-
cut = productivity calculated by time expenditure
equation 10; I-g H, thinning = productivity cal-
culated by time expenditure equation 11.

interruptions 4.00 % and equipment-related in-
terruptions 1.16 %. The transfer time expendi-
ture necessary for the calculation of working
time expenditure was, according to Lilleberg
(1990), 2 hours per stand while the correspond-
ing distance was 30.1 km.

3.3.2.2.2 Small-Sized Harvesters
Productivity Models for Clear Cutting

Effective Time Expenditure
A large number of concise time studies have
been published on small-sized harvesters (weight
4 to 8 tonnes, maximum cutting capacity 32 to
40 cm). For the purposes of this study, the pro-
ductivities calculated from the diameter-specific
time expenditures in the studies of Mikeld (1989a
and 1989b), Sirén (1990) and Terdva (1991) were
plotted in the productivity diagram of ordinary
10-tonne one-grip harvesters (Fig. 6). The stud-
ies by Mikeld (1989b) and Terdva (1991) also
included comparative data on 10-tonne one-grip
harvesters.

For this study, the time expenditure curves de-
termined according to Lilleberg (1990) were used
for calculating productivity curves that are almost

identical in shape to the average curve derived
from the small-sized harvester productivity curves
in the said studies. In the small-sized harvester
studies, the productivity per effective hour was
20 to 33 % lower than that achieved with an ordi-
nary one-grip harvester used in this study and 33
% lower than the productivity of the reference
harvesters in the studies of Mékeld (1989b) and
Terava (1991).

In the interest of simplicity, the values used in
the productivity model for small-sized harvesters
were selected from the one-grip harvester pro-
ductivity equation reduced by 33 %. The compre-
hensive study compiled by Lilleberg (1990) prob-
ably gives a more reliable productivity level than
limited time studies. However, the productivity
ratios suggested by the comparisons included in
these studies are most likely correct because the
conditions and the extent of the data were identi-
cal. .

Because of their low power and limited delimb-
ing and cutting capacity, small-sized harvesters
are incapable of handling large stems. According
to Terdvd (1991), a certain efficient small-sized
harvester cannot cope with stems with a volume
of over 200 dm® on a continuous basis. A stem
diameter of 35 cm typical of these machines is
equivalent to a usable volume of stem of 500 to
700 dm?®. Small-sized harvesters are generally
regarded as less reliable than one-grip harvesters
(Sirén 1990), but this has not been reflected in the
test results obtained in short time studies where
the machines are often new. The percentage of
breaks lasting less than 15 minutes of the operat-
ing time varied from 5 to 15 % (Sirén 1990, Terivi
1991), the corresponding figure for standard loader
harvesters being 12 to 15 % (Lilleberg 1990).

According to Terdvi (1991), a more difficult
terrain increases the time expenditure for small-
sized harvesters. A change from Terrain Class 1
to Terrain Class 2 has little effect (Tavoite-
ansioon...1990) whereas time expenditure in Class
3is 200 % and in Class 4 370 % of that of Class
I terrain. It should be pointed out, however, that
Miikeld (1990) has measured lower cutting time
expenditure on peat land than on mineral-based
terrains. This is due to fact that the low load-bear-
ing capacity of the soil does not hamper track-
mounted small-sized harvesters as effectively as
standard 10-tonne one-grip harvesters. In terms
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of load-bearing capacity, the current off-road haul-
age classification (Tavoiteansioon...1990) no
longer corresponds to the capabilities of small ma-
chines.

With reference to the above, the model for ef-
fective time expenditure by small-sized harvest-
ers in clear-cutting areas is as follows:

Chma = 1.5 - [33.09 + 0.107(vk) + 0.777 - 10(vk)* -
0.805 - 107(vk)® + 0.22 - 10°(vk)']  (12)

where

Chkh7a = time expenditure in clear cutting of conifers by small

one-grip harvester (7 t), cmin/tree (effective time)
vk = stem volume, dm?.

To obtain effective time expenditure, the addi-
tional time due to work-difficulty factors are
added as percentages to the time expenditure
calculated from the basic equation. The signifi-
cant factors are either added to, or subtracted
from, the effective time expenditure obtained
from the basic equation. Any additions are cal-
culated as percentages of the time expenditure
indicated by the basic equation. For hardwood,
the addition is 15 % as suggested by Lilleberg
(1990). On the basis of the above-mentioned
studies, the additional time for breaks of less
than 15 minutes necessary for obtaining operat-
ing time expenditure is estimated at 15 %.

Production Time Expenditure

As with 10-tonne one-grip harvesters, produc-
tion time expenditure is obtained by adding breaks
to the effective time expenditure and working
time expenditure by adding transfer time to the
production expenditure. Using the said studies,
the following additional expenditures of time
were decided: service and maintenance 6 %, re-
pairs 15 %, personal breaks 6 %, organization-
related interruptions 2 %, and equipment-related
interruptions 0.5 %. The transfer time selected
for small-sized harvesters was identical to that
of loader harvesters operating in similar condi-
tions: transfer distance 47 km and time 2.2 hours
per stand.
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Production Models for Selective Cutting

Effective Time Expenditure

In accordance with the above, the effective time
expenditure model for selective cutting of soft-
wood by small-sized harvesters is as follows:

Core = 1.5 - [34.7 + 0.13(vK) + 0.125 - 10°(vk)] (13)

where

Chkh7v = time expenditure in thinnings of conifers by one-grip
harvester (7 t), cmin/tree (effective time)

vk = stem volume, dm-.

The additional time required by handling hard-
wood is 15 %. The operating time expenditure is
obtained by adding to the sum total of time re-
quired by individual stems the percentage of breaks
lasting less than 15 minutes, this being 14 %.

Production Time Expenditure

The production time expenditure is obtained by
adding the following percentages to the effective
time expenditure: service and maintenance (5
%), repairs (15 %), personal breaks (6 %), or-
ganization-related interruptions (4 %), and equip-
ment-related interruptions (1 %). The percent-
age values of the various interruptions defined in
connection with the determination of time ex-
penditure by small-sized harvesters are given in
brackets. On the same basis, the transfer dis-
tance is defined as 30.1 km and transfer time 2
hours per stand.

3.3.2.2.3 Two-Grip Harvesters
Productivity Models for Clear Cutting

Effective Time Expenditure

The equations for effective time expenditure by
two-grip harvesters were obtained by manually
making equal the mean values for clear and se-
lective cutting arrived at in the two time studies
completed by Rieppo (1990a and 1990b), which
was then converted into a mathematical form:

CEyoi = 48.1 + 0.156(vK) + 0.125-10-3(vk)* —
0.261-10-5(vk)? + 0.124-10(vk)* + 0.217-10-(vK)’

(14)
where ) ] )
CEnko12a = time expenditure in clear cutting of conifers by two-grip

harvester (12 t), min/tree (effective time)
vk = stem volume, dm?.
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Fig. 7. Cutting clear-cuttings and thinnings by two-
grip harvesters. Comparison of time expenditure
by stem volume -curves: Clear-cut (equation 14),
Thinning (equation 15), Clear-cut MT90 and Thin-
ning MT90 (curves equalized from Rieppo’s
(1990a and 1990b) studies.

The equation is calculated with 27 observations
extracted from the manually smoothed curve from
Rieppo’s (1990a and 1990b) data. The curve
calculated with equation and the smoothed curve
are shown in Fig. 7. The degree of added diffi-
culty caused by handling hardwood was estimat-
ed by Rieppo (1990a and 1990b) and Lilleberg
(1990) to be 15 % of the effective time expendi-
ture. This percentage, together with other addi-
tional difficulty factors, is added to the time
expenditure yielded by the basic equation. Ac-
cording to Rieppo (1990a and 1990b), breaks
lasting less than 15 minutes account for 12 % of
the effective working hours. This gives the oper-
ating time expenditure.

Production Time Expenditure

As with loader harvesters, the production time
expenditure is obtained by adding to the sum
total of individual stem handling times in the
stand the percentages of breaks and interruptions
computed therefrom. According to Rieppo (1990a
and 1990b), the following times can be added:
service and maintenance 5.10 %, repairs 12.63
%, personal breaks 6.38 %, organization-related
interruptions 2.81 %, and equipment-related in-
terruptions 0.64 %. To obtain the working time
expenditure, transfer time must be added to the
production time expenditure. Kahala and Miikelad
(1985) arrived at a one-grip harvester transfer

distance of 43 km and time of 2.1 h. Two-grip
harvesters need to move about more than one-
grip harvesters because suitable stands with a
greater stem size and density are fewer. There-
fore the selected distances and times are slightly
higher than for loader harvesters: transfer dis-
tance 50 km and time 2.6 h.

Productivity Models for Selective Cutting

Effective Time Expenditure
On the basis, which was also given for the clear-
cutting model, the effective time expenditure
model for selective cutting of softwood by two-
grip harvesters is as follows:

CE o2 = 44.7 + 0.16(vk) + 0.173-107(vk)* —
0.106-10(vk)* 4+ 0.219-10°(vk)* + 0.102-10-"°(vk)®

(15)

where !

CEhko12v = time expenditure in selective cuttings of conifers by
two-grip harvester (12 t), cmin/tree (effective time)

vk = stem volume, dm? .

It was extracted 27 observations from Rieppo’s
(1990a and 1990b) manually smoothed curve to
calculate the equation 15. The comparison of equa-
tion curve and smoothed curve is shown if Fig. 7.
As in the case of clear cutting, the effect of the
work-difficulty factor is taken into account as a
percentage of the effective time expenditure calcu-
lated by means of the model. Additional time
required by hardwood is 15 %. To obtain the
operating time expenditure, 15 % representing
interruptions of less than 15 minutes is added.

Production Time Expenditure

As in the case of clear cutting, the production
time expenditure is obtained by adding the fol-
lowing percentages to the operating time ex-
penditure computed for the stand: 5.10 % for
service and maintenance, 12.63 % for repairs.
6.38 % for personal breaks, 2.81 % for organiza-
tion-related interruptions and 0.64 % for equip-
ment-related interruptions.

To obtain the working time expenditure, trans-
fer time is added to the production time, the trans-
fer time being identical to that selected for two-
grip harvesters used in clear cutting, or 2.6 h. The
corresponding transfer distance is 50 km.
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3.3.3 Productivity and Time Expenditure
Models for Off-Road Haulage

3.3.3.1 Off-Road Haulage by Forwarders

3.3.3.1.1 10-Tonne Self-Loading Forwarders

Productivity of Softwood Haulage per

Effective Hour A

The productivity models for off-road haulage of
softwood logs, 3 m coniferous pulpwood and 5
m coniferous pulpwood in summer conditions
were obtained with regard to terrain class, cut-
ting method, timber species density and haulage
distance by fitting regression curves to the pro-
ductivity number series computed by Kahala and
Kuitto (1986) from the average time expenditure
tables for haulage. After harvesters, the time ex-
penditure relations of the subsequent haulage
operations change slightly so that productivity
increases (Kuitto 1990). The best functions for
softwood by timber assortment were as follows:

PEhakum =

. 2,0.2111- . 5 110-542
62.124-0.470|n1|)—0 143(In(1))*+0.21131-0.0671¢-0.081h-0.00155d+0.889-10"°d (16)

PEjaxioks =
el‘\)7+0.47fsln(lHl.135(ln(l))z+().I%VI—OvOﬁSﬁc—().IZ}h«O.ml58d+().868'l()"‘d2 (1 7)

PEuions =

e;‘.l)‘it(MS}In(lH).12‘)(ln(]l):+1J.185V]—(),l)815¢m 0964h-0.00233d+0.158-10-°d (18)

where

PEhakt10* = productivity of off-road transportation for different

softwood assortments (*) by 10-ton forwarder, m3/h

(effective time)

* t = saw logs, k5 = 5-metre pulpwood, k3 = 3-metre

pulpwood

timber recovery per strip road length, m3/100 m

terrain class of off-road transport (1 ... 3) (Tavoite-

ansioon ... 1990)

h dummy-variable for cutting method: 0 = clearcutting,
1 = thinning

d = transport distance, m.

1
c

The number of observations given by Kahala
and Kuitto (1986) is 240 for each wood assort-
ment. Fig. 8 gives a few examples of how com-
patible the models are with the data presented by
Kahala and Kuitto (1986).

Effective Time Expenditure Models

The effective time expenditure models are ar-
rived at by dividing the selected time unit by the
productivity model, here by 1/[productivity equa-
tion/60]. Conversely, the productivity models are
obtained from the time expenditure models by
dividing the appropriate figure, here 60, by the

22

time expenditure model.

The relative time expenditure for the haulage
of deciduous pulpwood is, in normal conditions,
higher than that for coniferous pulpwood, the dif-
ference being 7 to 10 % for 5 m pulpwood and 11
to 17 % for 3 m pulpwood. With logs, there are no
differences between timber species (Kahala and
Kuitto 1986). A dummy variable that reduces time
expenditure by 8 % (5 m) and 13 % (3 m), respec-
tively, was inserted in the equations for hardwood
pulpwood.

1
CEhakiior = PE naruior i
60
1
CEakiioks = (1-0.08(e))- PEnakiioks ak
|
1
CEpakoks = (1-0.13(¢)) pp——— 2
60
where

CEnakt10+ = time expenditure of off-road transport for different
assortments (*), snow depth less than 20 cm, m¥/h
(effective time)
* t = saw log, k5 = 5-metre pulpwood, k3 = 3-metre

pulpwood
d = off-road transport distance, m
e = dummy-variable for wood assortment: () = softwood,

1 = hardwood.

The winter data presented by Kahala and Kuitto
(1986) included no sites with a deep a blanket of
snow, which reduces productivity as a result of
impeded access. When the snow was 30 to 50
cm deep, the productivity of off-road transport
was improved by an average of 5 to 10 % from
the summer figures because snow levels the sur-
face and the frozen ground increases the load-
bearing capacity of the soil. With the increase in
the haulage distance, the benefit offered by win-
ter conditions is further highlighted as the per-
centage of off-road haulage is increased. A line-
ar reduction in effective time expenditure ac-
cording to distance was calculated from the val-
ues suggested by Kahala and Kuitto (1986) to
take account of the effect of winter conditions.

On these assumptions, the following effective
time expenditure models by timber assortment for
winter conditions with a 30 to 50 cm-deep blan-
ket of snow were obtained:

97.5-0.0167(d) | 1 22)
100 PEhaktiot
60

CEhakt10u =li
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h 100 (013D P
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(24)
where
CEhakt10#1 = time expenditure of off-road transport for different
assortments (*), snow depth 30 ... 50 cm, m3/h
(effective time)
* t = saw log, k5 = 5-metre pulpwood. k3 = 3-metre
pulpwood
d off-road transport distance, m,

dummy-variable for assortment: 0 = softwood. 1 =
hardwood.

The operating time expenditure is obtained by
adding to the above values the expenditure of
time for breaks and interruptions lasting less than
15 minutes. According to Kahala and Kuitto
(1988), such breaks accounted for 6.5 % of the
operating time both when the ground was bare
and covered by snow. As a result, the operating

Productivity, m¥h (effective time)
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Fig. 8. Off-road transportation of timber by 10-tonne
forwarder. Comparison of productivity curves.
Sub-figure A: Productivity by wood assortment
density in transportation of softwood saw-logs.
MT 1986 -curves base on Kahala and Kuitto (1986)
and Equation -curves base on equation 16. Sub-
figure B: Productivity by terrain class in transpor-
tation of 5-metre softwood pulpwood. MT 7986 -
curves base on Kahala and Kuitto (1986) and Equa-
tion -curves base on equation 17. Sub-figure C:
Productivity by transport distance in transporta-
tion of 3-metre softwood pulpwood MT 1986 -
curves base on Kahala and Kuitto (1986) and Equa-
tion -curves base on equation 18.

time expenditure is obtained by multiplying the
effective time expenditure by the factor:

100 6.5

aqs =1+233 _ —1.0695 (25)
100
where
ac15 = factor to transform effective time expenditure to operating
time expenditure.

The same factor can therefore be applied irre-
spective of whether the ground is bare or cov-
ered by snow.

Work Time Expenditure Models

According to the data presented in the follow-up
study by Kahala and Kuitto (1986), operating
time accounted for 83.4 %, equipment and or-
ganization-related interruptions for 8.2 %, per-
sonal operator breaks for 4.3 % and transfers
from site to site for 4.1 % of the working hours.
When calculated as percentages of the operating
time, these values are equivalent to the follow-

[§9)
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ing additional percentages that must be added to
the operating time to obtain work time expendi-
ture: equipment and organization-related inter-
ruptions 9.36 %, personal breaks 5.16 %, and
transfers from site to site 4.92 %, the total being
19.90 %.

3.3.3.1.2 8-Tonne Self-Loading Forwarders

Miikeld (1989a, 1989b and 1990) has compared
the performance of a 10-tonne forwarder with
that of a 8-tonne wheeled forwarder and a 4-
tonne track-mounted forwarder in first thinning
conditions. Due to their limited loading capaci-
ty, small-sized forwarders must take the logs to
the storage location more often than larger ma-
chines, which reduces their productivity as a
result of the increased haulage distance. The ef-
fect of tree density on the loading time remains
more a less constant irrespective of the size of
the forwarder because with modern forwarders,
the ratio of loader performance to log-carrying
capacity is practically the same. Relatively speak-
ing, the obstacles presented by hills, rocks and
stumps slow down small-sized forwarders more
effectively than large ones. The reduced load-
bearing capacity of the soil increases time ex-
penditure by wheeled forwarders more than by
track-mounted machines because of the lower
surface pressures exerted by the latter.

The results obtained by Mikeld (1989a and
1990) were plotted in the same diagram as the
productivity models computed for the 10-tonne
forwarder in similar conditions (Fig. 9). The model
for the 10-tonne forwarder is identical in shape to
the curves calculated from the equations (16, 17
and 18) but at a higher level of productivity. As
expected, the productivity of 8-tonne and 4-tonne
forwarders decreases more rapidly with increas-
ing distance than that of 10-tonne forwarders.

To determine the productivity model, mean
value curves for 8-tonne and 4-tonne forwarders
were made equal manually and their ratio to the
curve for the 10-tonne forwarder was calculated.
The percentage declines almost linearly with in-
creasing distance, this decline being sharper for
track-mounted forwarders than 8-tonne wheeled
forwarders. The coefficient of determination of
the linear adjustment equations to be used later on
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Fig. 9. Productivity by transport distance of off-road
transportation by forwarders. Effect of size of
forwarder on productivity. In legend the first
number explains size of the load in tons. MT 4/90
-curves base on Mikeli (1990), MT 10/89 -curves
on Mikeli (1989a) and Equation -curves on 10-
tonne forwarder equations when removed density
is 10 or 23 m?/100 metre strip-road (see text).

is 94 % to 96 % in respect of the differences in
productivity. The productivity of small-sized for-
warders, in terms of percentage of 10-tonne for-
warder productivity, suggested by Mikeld (1989b)
is identical to that computed for the 4-tonne for-
warder in this study, while the corresponding fig-
ure in proportion to distance calculated for 8-tonne
forwarders declines even more sharply. Produc-
tivity computed from the data published by Kaha-
la and Kuitto (1986) was selected for the produc-
tivity level to be used in subsequent models be-
cause their data is more comprehensive despite
the fact that the productivities measured by Miékelid
(1989a, 1989b and 1990) were slightly higher.

On the basis of the above, a linearly declining
portion of the 10-tonne forwarder model is used
as the productivity model for 8-tonne forwarders
in the calculations as follows:

PE; = (82.9 - 0.014 - d) - PE,, (26)
where

PEg = productivity of off-road transport by 8-tonne forwarder,
m3/h (effective time)

PEjg = productivity of off-road transport by 10-tonne forwarder,
m3/h (effective time)
d = transport distance, m.

The productivities and time expenditures for op-
erating and work times are computed at the same
interruption and transfer values that were used
for 10-tonne forwarders.
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3.3.3.1.3 4-Tonne Self-Loading Forwarders

On the basis of the above, a linearly declining
portion of the 10-tonne forwarder model isused as
the productivity model for 4-tonne track-mount-
ed forwarders in the calculations as follows:

PE, = (64.4 —0.019 - d) - PE,, (27)
where

PEs = productivity of off-road transport by 4-tonne forwarder, m3/h
(effective time)

PE 1 = productivity of off-road transport by 10-tonne forwarder, m3/
h (effective time)
d = transport distance, m.

The productivities and time expenditures for op-
erating and work times are computed at the same
interruption and transfer values that were used
for 10-tonne forwarders.

3.3.3.2 Off-Road Haulage by Farm Tractor
3.3.3.2.1 Trailer and Hydraulic Loader

Effective Time Expenditure

The time expenditure models for farm tractors
with trailers were computed from the data com-
piled by Mikkonen (1984) on entrepreneurs who
use farm tractors. Of the three size categories,
small-sized tractors were selected as the most
suitable machines. By Mikkonen’s definition,
these are rear-wheel- driven tractors with an out-
put of 40 to 60 kW and fitted with a lightweight
hydraulic loader and non-tractive trailer. Since the
study was made, tractors have been further im-
proved so that productivities in similar conditions
would today be higher. Mikkonen’s study was
concerned with qualified operators working on a
full-time basis. In this study, the tractor fleet
consists of the harvesting equipment used by pri-
vate woodlot owners whose operator skills are not
up to professional standards. The productivity of
softwood haulage in clear cutting in summer is
from Mikkonen (1984). Productivities at densities
in excess of 16 m¥/(100 m striproad) were estimat-
ed. The effect of snow on productivity was calcu-
lated at the ratio suggested by the results obtained
by Mikkonen (1984) for medium-sized tractors by
correcting the values for the small-sized tractor.
Small-sized tractors are hampered by snow more
than large ones but this distortion is offset by the
improved off-road performance of new machines.

The input data was used to first calculate produc-
tivity models from which the time expenditure
models were then construed. Models for the pro-
ductivity of off-road haulage of logs and pulp-
wood were computed for clear cutting conditions:

PEmpm= 146-531110-0201-10 (s +0.4281n(1)-0. 124(1n(1)*+0.162V1+0.104In(d)-0.0535Vd

(28)

— 2.18-0.158:10720.010Vs+0.28 32 2
PEmpk.‘la_ ©2.18-0.158:107's"0.010v5+0.280In(1)-0.0328(In(1)) —0.0446Vd (29)

where

PEqpa = productivity of off-road transport of saw logs in
clearcutting, m°/h (effective time)

PEjpk3ta = productivity of off-road transport of 3-metre pulpwood
in clearcutting, m3/h (effective time)

d = off-road transport distance, m
1 = timber recovery per strip road length, m3/100 m
S = depth of snow, cm.

The coefficient of determination of the equa-
tions in respect of Mikkonen’s (1984) scatter
plots are 96.1 % for logs and 95.8 % for 3 m
pulpwood (Fig. 10). The number of Mikkonen’s
(1984) smoothed average productivity observa-
tions is 160 for both logs and 3 m pulpwood. The
differences between the pulpwood productivity
model and observations were found to be great-
est at short distances and in snow conditions.

According to Mikkonen (1984), loading takes a
longer time in thinning than in clear cutting oper-
ations. At short distances, relative time expendi-
ture is slightly greater than at long distances. Pro-
ductivity computed per effective hour is convert-
ed into time expenditure by dividing the selected
time unit by the productivity equations, here
1/[(productivity equation)/60]. In thinnings, time
expenditure is greater than in clear cutting, the
difference being approx. 7 % for logs and 2.5 %
for 3 m pulpwood. The effective time expendi-
ture equations are as follows:

1 .
CEmpl = (l +007(h))T (30)
‘mpta
60
1
3 =(1+0.025(h)) =—— -
CEmpk3 = (1+0.025(h)) PEmphoa e
60
where
CEmpt = time expenditure of off-road transport of saw logs by

farm tractor with trailer and hydraulic knuckle boom
loader, min/m- (effective time)

CEmpk3 = time expenditure of off-road transport of 3-metre
pulpwood by farm tractor with trailer and hydraulic
knuckle boom loader, min/m- (effective time)

PEqpa = productivity of off-road transport of saw logs in
clearcutting, m-/h (effective time)

PEqpk3ta= productivity of off-road transport of 3-metre pulpwood
in clearcutting, m3/h (effective time)

h = dummy-variable for method of cutting: 0 = clearcutting,
1 = thinning.

9
N
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Production Time Expenditure

The operating time expenditure is obtained by
adding to the effective time expenditure the time
expended on breaks and interruptions lasting less
than 15 minutes. According to Mikkonen (1984),
this accounted for 4.3 % of the operating time.
The work time expenditure is obtained by add-
ing to the operating time expenditure the time
required by other interruptions and transfers from
site to site. In Mikkonen’s study (1984), inter-
ruptions accounted for 19.5 % and transfers for
5.3 % of the operating time. As a result, the time
expenditure equations can be formulated as fol-
lows:

CE;s. = 1.045 - CE. (32)
where

CEjs+ = operating time expenditure for the particular working
method, min/m-

CE- = effective time expenditure for the same working method,
min/m?3.

CT.=1.248 - CE;s- (33)

where

CT+ = total working time expenditure for the particular working

method, min/m?
CEs+ = operating time expenditure for the same working method,
min/m?3

26

3.3.3.2.2 Hydraulic Skidding Grapple

Effective Time Expenditure

The productivity models for farm tractors fitted
with hydraulic skidding grapples are based on
the unpublished data gathered by Mr. Seppo
Ryyniinen (M.Sc.(Agr.For.), office manager of
Work Efficiency Institute, Field Research Sta-
tion Office, Rajamiki). In this study, a medium-
sized farm tractor with a hydraulic skidding grap-
ple carried logs and 3 m pulpwood in a second
thinning in summer conditions. The best model
for the productivity of haulage was:

PE soi = e2 5140.577In(1)-0.0753(In(1))*+1.15-107"117-0.2481n(d)-0.056Vd (34)
Smk = ~

where

PE|smk = productivity of off-road trdnspnrl by farm tractor with
hydraulic skidding grapple, m¥/h (effective time incl.
delavs shorter than 15 min)

d = off-road transport distance, m

| = timber recovery per strip road length, m3/100 m.

The coefficient of determination of the model in
respect of Ryyninen’s unpublished material’s
scatter plot is 98.7 % (Fig. 11). The number of
Ryyninen’s smoothed average productivity ob-
servations is 40. At very short distances, the
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Fig. 11. Productivity of off-road transportation of saw-logs and 3 metre pulpwood by small farm tractor.
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figures.

model fails to conform with the original data.
The productivity values can be converted into
time expenditure by dividing the selected time
unit by the production model, which yields the
following time expenditure equation:

1
CEmk = 55— (35)
™ PEismk
60
where
CEmk = time expenditure in 0ff-road transport of saw logs and 3-

metre pulpwnuq by farm tractor with hydraulic skidding
grapple, min/m” (effective time)

PEismk = productivity of off-road lrm\pon by farm tractor with
hydraulic skidding grapple, m3/h (effective time).

Work-difficulty factors can be added as percent-
ages to the computed time expenditure.

Production Time Expenditure

No significant data on work and production times
are available on the hydraulic skidding grapple.
The grapple is a simple device so that its reliability
in operation per time unit is probably higher than
that of a trailer-loader combination. The longest
interruptions affecting such a combination are due
to the hydraulic system and tyres (Mikkonen 1984).
A unit using the hydraulic skidding grapple fea-
tures fewer tyres and less hydraulics. As a result,
interruptions were estimated at 15 % of the effec-
tive working hours, which is equal to two-thirds of
thatof a tractor-trailer combination. Transfer times
were estimated at 5 %, as with the tractor-trailer
unit. Then the productivity equation for working
hours is obtained as:

PE5mk
PTok = l.wk (36)
1.20
where
PTymk = productivity.of off-road lrdnsporl by farm tractor with

hydraulic skidding grapple, m%/h (total working time)
PEismk = pmduclnm of off-road !ramport by farm tractor with
hydraulic skidding grapple, m%/h (effective time).

and the corresponding work time expenditure
model is:

1

CTomk = 57— (37
m Pka
60
where
CTmk = time expenditure in off-road transport of saw logs and 3-

metre pulpwood by farm tractor with hydraulic skidding
grapple, min/m- (mtal working time)

PTmk = productivity of off-road transport by farm tractor with
hydraulic skidding grapple, m3/h (total working time).

3.3.4 Productivity and Cost Models for
Long-Distance Haulage

3.3.4.1 Productivity and Time Expenditure

Models for Haulage by Truck

The quantity of timber transported by truck is
expressed in terms of volume units. However,
the maximum load and freight rates are deter-
mined by weight. To bridge this gap. it is neces-
sary to use specific densities which vary accord-
ing to season owing to moisture content fluctua-
tions and other such factors. The maximum per-
missible total weight of a timber truck is 56
tonnes, which may be increased, subject to a
special permit, to 60 tonnes when the soil is
frozen. The haulage output depends, then, on the
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timber species involved and the time of the year.
The haulage of one load from the site to the
processing point and the return trip to pick up a
new load constitutes round-trip time from which
productivity is calculated as a ratio of the trans-
ported quantity to time expenditure.

Alve (1988) has conducted an extensive study
on time expenditure by timber trucks. For the
purposes of the said study, the round-trip was
broken up into the following constituent parts:

Tak = (eaku + Cak t eapa + € t+ dak) (38)
where ]
Tak time expenditure of one round-trip in truck transport, cmin

time expenditure of loading, cmin

time expenditure of hauling load, cmin

time expenditure of unloading, cmin

* method of unloading

s = bridge crane

k = wheeled loader

o = vehicles own loader

n = make up in bundles and dumping

eat = time expenditure of driving without load, cmin
dak = time expenditure of delays, cmin.

Caka
Cakk
Capa*

Time expenditure for timber haulage by truck is
obtained by dividing the duration of the round-
trip by the quantity of timber transported:
Tak

ak

CTak = (39)

where

CT. = time expenditure of transporting timber by truck, m3/cmin
(total working time)

Ta = time expenditure of one round-trip, cmin

V.« = volume of the load, m3.

According to Alve (1988), a vehicle spends an
average of 92 min per load at the storage site
when the volume of the cargo is 47 m?®. This
gives the loading time required for one cubic
metre, which is 196 cmin. The volume units are
converted into mass units using the specific den-
sities (Table 1) measured by Marjomaa and Oi-
jala (1990).

According to Oijala and Pennanen, the unload-
ed weight of the vehicle is 19 500 kg. Subject to
a total weight of 56 000 kg, it can load cargo up to
36 500 kg. If the total weight is 60 000 kg, the
cargo can be 40 500 kg. On these assumptions,
the time required for loading is:

Mm;ix
Caka = 'dhuk (40)
ta
where
esa = time expenditure of loading, cmin
Mmax = maximum payload of vehicle, kg
i = density of the wood assortment at the moment of
transport, kg/m?
dh,c = time expenditure of loading, cmin/m?.
28

Table 1. Average densities of wood assortments trans-
ported by trucks in the whole of Finland.
(Marjomaa & Oijala 1990).

Wood Density of timber assortment, kg/m?
assortment Febr. May  August Nov. Average
Pine logs 870 832 804 845 842
Spruce logs 838 787 762 805 804
Birch logs 955 910 888 932 925
Coniferous

pulpwood 870 830 735 808 817

Birch pulpwood 920 869 829 876 880

The driving times when the vehicle is fully load-
ed and empty depend on the distance to be cov-
ered and the quality of the roads. According to
Alve (1988), the average speed increases sharply
up to a haulage distance of 50 km, to stabilize
around 60 km/h at longer distances. Kukko et al.
(1990) have worked out non-linear functions on
the basis of Alve’s (1988) scatter plots and curves.
They do not give number of observations.

Vo = —0.446 + 31.710g(dys) (41)
V., = 5.97 + 30.6log(d.) (42)
where

Vuk = average speed of the loaded truck, km/h

Vak = average speed of the unloaded truck, km/h

dakk = transport distance loaded, km

dake = transport distance unloaded, km.

Driving times when loaded and empty are ob-
tained by multiplying the average speed by haul-
age distance.

The time required to unload the vehicle is de-
termined by the timber species, unloading point
and available equipment. According to Alve
(1988), unloading an articulated truck takes ap-
prox. 3000 cmin witha wheeled loader, 5500 cmin
with a bridge crane and 4000 cmin when tipped.
The mean unloading time is 4300 cmin. Accord-
ing to Korpilahti (1989), unloading takes 4900
cmin atamill, 3900 cmin at a log dump site on ice
or at lakefront, and 3700 cmin when the cargo is
unloaded onto a railway wagon or stockpile using
the vehicle’s own crane, the overall average be-
ing 4300 cmin per cargo. The unloading time re-
quired by the selected unloading device can be
substituted in equation 38.
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According to Alve (1988), interruptions includ-
ed in the haulage time expenditure excluding meal
breaks amount to 2200 cmin/load and interrup-
tions not included in the haulage time expendi-
ture to 3400 cmin/load. Half of this time is ex-
pended on maintenance and repairs. In equation
38, the duration of interruptions is 4600 cmin.

3.3.4.2 Cost Model for Haulage by Rail

The transportation chain by rail consists of load-
ing, haulage, unloading, empty legs and various
interruptions. Normally the logs are loaded us-
ing the vehicle’s own crane, while unloading is
usually carried out with a loader or bridge crane.
On the railway, the logs are carried in freight
wagons that are coupled to suitable trains. At
junctions, the wagons can be switched to another
train. Switching may be required both at the
dispatch station and the destination to form a
train and break it up. A single freight wagon is
the smallest and an entire train the largest haul-
age unit. The higher the number of log-carrying
wagons coupled together, the less switching work
is required. A whole tfain is even more econom-
ical because there is no need to break it up at any
point and because the route can then be planned
direct from the loading point to the unloading
point. Traditionally, railway companies have high
fixed expenditure due to track maintenance. Also,
it is difficult to allocate costs to various types of
cargo because the personnel works simultane-
ously on several shipments. In Finland, the Gov-
ernment underwrites the cost of track mainte-
nance (FIM 1.2 billion in 1990) for which the
State Railways pay a track use charge (FIM 1
million in 1990). The business operations, i.e.
haulage including related supportive services,
must be self-financing (total turnover in 1990
FIM 3.4 billion). Freight transport accounts for
62 % of the total turnover (VR ... 1991).

It is impossible to generate relevant time ex-
penditure models for rail transports. Therefore the
following calculations are based on transporta-
tion cost. The rates applied by the State Railways
to timber freight are based on distance, specific
density of timber and the size of the consignment
measured in terms of the quantity of timber load-
ed onto the cars (Vaunukuormien... 1992). Dis-

counts are allowed for wagon groupings and trans-
ports where the entire train is chartered for the
purpose. The transportation costs of major cus-
tomers are determined by annual volumes and are
agreed upon on a case-by-case basis.

Using the rate tables for freight wagons, it is
possible to compute the effect of distance and type
of timber on the cost of transportation. The size of
the cargo subject to the rates refers to the degree
to which the wagons are filled, and so it cannot be
used to predict cost ratios for loads larger than a
single wagon-load. The following model for trans-
portation cost was computed at car-loads exceed-
ing 60 m*:

Crr=at-(4.52+10.48pl+0.157dtr—0.19-10~*dtr*+3.72In(dtr))
(43)

where
Crr
at
pl
dtr

rail transport cost, FIM/m3

discount factor

dummy-variable for tree species: 0 = coniferous, 1 = birch
transport distance, km.

W nn

The model was calculated for fresh timber per
single wagon-load. Discounts for larger ship-
ments must be given as percentages of the basic
model. The coefficient of determination of the
model in respect of the rate table is 99.5 %,
while the number of observations is 33. The
model slightly overestimates the cost of haulage
over short distances (Fig. 12).

The productivity model used for simulation was
multiplied by 0.6 because companies are allowed
substantial discounts on the rate tables according
to freight volumes.

Railroad transport cost, FIM/m?

250 1
°
200 o
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1 * VR softwood
130 . o Est. softwood
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5012 i
'vl
0

BEIE LS - WK

Fig. 12. Rail transport cost by transport distance. Com-
parison of official softwood and birch tariffs (VR-
curves) (Vaunukuormien...1992) and their esti-
mates based on equation 43 (Est.-curves).
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3.3.4.3 Cost Model for Floating

Loose floating on the Kemijoki River ended in
1992 for reasons related to hydro-electric devel-
opment and conservation. Floating in bundles is
a realistic alternative in the Saimaa and Kymi
water-systems. In addition, logs felled on the
coast and archipelago are floated by sea and
inland waterways. In 1989, well over 5 million
m? of timber was floated in bundles, with the
Saimaa water-system accounting for over 70 %
of the total. In the late 1980s, the volumes of
floated timber began to decrease (Nieminen and
Oijala 1991). This was due to the fact that float-
ing affects timber quality and it cannot be car-
ried out throughout the year. At head waters,
floating is organized by log-floating associations
which charge fees from floaters according to
volume. The large log rafts are towed either by
the floaters themselves or outside contractors.
As in the case of transportation by rail, it is
complicated to devise relevant time expenditure
models for floating operations (Pulkki 1984),
which is why the cost dependencies for floating
are here calculated for the conditions prevailing
in the Saimaa water-system. In 1990, a total of 3.1
million m? of timber was floated there, with 55 %
of the total being dumped into water by log-float-
ing associations and 45 % by the companies them-
selves. A mere 6 % of the total was dumped on
ice. (Niputustilasto...1991 and Savo-Karja-
lan...1990). The most important destinations
where logs are floated to are the mills in the south-
ern Saimaa area near Imatra and Lappeenranta.
Floating costs consist of bundling, raft assem-
bly, towing, passage through canal locks and raft
disassembly. During towing, it may be necessary
to wait out winds indefinitely in sheltered loca-
tions. Additional costs are incurred in winter when
the timberyards on ice must be maintained and
supervised (Savo-Karjalan...1990). Interest loss-
esare also incurred while the timber is being float-
ed. Most of the floating costs are due to the main-
tenance of the channels, fleet and operational ca-
pabilities. By and large, these are fixed costs irre-
spective of the volumes floated, i.¢. the more tim-
ber is floated, the more economical it becomes.
To a great extent, the costs are determined by the
characteristics of the floatways: the highest effi-
ciency is achieved on routes with no canals. Usu-
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ally the logs are bundled on timber trucks which
must be fitted with removable columns. Simpler,
cheaper and lighter columns can be used if there
is a loader and bundling cradle at the dumping
site (Nieminen and Oijala 1991). In the following
equation bundling is assumed to be made in truck.

The following was determined as the cost mod-
el for floating:

Ci=y(c) + ¢ + ¢, +ddce+cy) +

c(0.0247 - 0.173 - 10-2d; + 0.304 - 10*d?) (44)
where
Cs floating cost, FIM/m?

dummy-variable for season; 0 = summer, 1 = winter
building and supervising cost of ice dump, FIM/m3

cost of bundle binds and building raft, FIM/m3

cost of unloading raft, FIM/m?

overhead cost: administration, equipment and interest, FIM/
m3-km

work and material cost, FIM/m3-km

cost of passing one channel, FIM/m?

df = floating distance, km.

K]
o

Q
=
(]

The data on the cost of haulage onto the ice and
raft assembly have been taken from the reports
filed by log-floating associations. The volumes
and costs per floatway were used to calculate
shipments by individual associations from points
of departure to the various destinations (Savo-
Karjalan...1990). For log floating carried out by
the companies, two shipments were calculated,
one from upstream and one from downstream
the Laitaatsilta Bridge to the mills located in
southern Saimaa (Niputustilasto...1991). The cost
of transportation from the dumping sites to the
processing points were estimated using the costs
determined by the log-floating associations ex-
cept that the costs for the longest floating dis-
tances were slightly lowered. Fixed expenditure
was allocated over each individual haulage. The
number of channels per distance was calculated
by weighing the number of channels along the
said routes by the volume of the timber floated.
The scatter plot obtained thereby was made equal
by means of a non-linear regression equation
(model 44) with a coefficient of determination
of 44 % (only 19 observations). Accordingly,
constituent costs for 1990 were as follows:

¢ =596 FIM/m?

¢, =259 FIM/m?

¢, =302 FIM/m’

¢, =0,0132 FIM/m*-km
¢y = 0,0243 FIM/m*-km
c. =0,256 FIM/m’.
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For individual locations, the costs yielded by the
model are uncertain due to the significant effects
of floatways and volumes.

3.3.5 Time Expenditure and Cost Models for
Administrative Measures

3.3.5.1 Time Expenditure Models for Stand

Design, Timber Scaling and Work Supervision

3.3.5.1.1 General

The method of stand design is determined by the
method of scaling (and vice versa); for example,
stand design is part of the scaling of standing
trees. The extent to which work supervision is
required depends on the skills of the personnel
and the working methods employed. Below, sep-
arate models have been defined for the time ex-
penditure for travel, preparation and site tours
common to all the methods of scaling and super-
vision. The number of tours depends on the work-
ing methods. The time required for computing
the scaling results, payroll and payments account-
ing depends more on the method of scaling than
the data system used. The quickest way is direct
data transmission froni the scaling unit to a cen-
tral computer. Time expenditure models for the
most important scaling methods are presented
below. The time expenditure equations for the
scaling of standing trees and scaling in bunches

are given in the reference Rummukainen et al.
(1993).

3.3.5.1.2 Travel Time

Pennanen (1978) and Halinen (1984) have meas-
ured the total time required for travel by car and
on foot and calculated its correlation with the
size of the stand marked for cutting. According
to Berg (1991), time expenditure for travel by
car increases with increasing distance. When
Berg’s equation is used for computing time ex-
penditure for travel by car, and walking speed in
the forest is assumed to be 4 km/h, the additional
time required for preparations in the conditions
assumed by Halinen (1984) is obtained as 16 to
26 min. When applied to the time expenditure
suggested by Pennanen (1978), the travel time
given by the equations falls 2 to 8 min short.

Over the past ten years, the number of people
riding in any single car has dropped and both the
roads and cars have improved. Using Berg’s
(1991) time expenditure for travel by car and a
walking speed of 4 km/h, the following equation
for travel time expenditure is obtained:

d
tkaj = [ Ckv -ady L=
Cliaj = [ +(404-+83.4d,)]+ 6000 -] 45)

(cky +404 +83.4d, +1500d;)

where

Ctkaj = time expenditure of travel and preparations, cmin
Ckv time expenditure of preparations, cmin

dy travelling distance with car (round-trip), km

dj walking distance (round-trip), km.

nonn

Substituting the average driving distance of 85
km, walking distance of 0.6 km and preparation
time of 10 minutes in accordance with Halinen
(1984) gives a travel time expenditure of 94
minutes.

The time expended on travel and preparations
must be computed for all travellers if more than
one employee is required for the job at hand at
any one time. The travel and preparation times
also depend on how may trips to a given stand
have to be made. This can be calculated by sub-
tracting the duration of one visit from the maxi-
mum working hours and computing how many
days it takes to perform the all the work required
on the stand for a given number of workers. The
travel time expenditure is then obtained by multi-
plying the time expenditure for one visit by the
number of visits and travellers. According to
Halinen (1984), the total duration of a day used
for scaling is 44 000 cmin.

3.3.5.1.3 Stand Definition and Harvesting
Planning

According to Halinen (1984), time expenditure
for harvesting planning per area unit decreases
with increasing stand size and is clearly greater
for thinnings than for clear cutting. Currently,
the time expenditure for stand design by foreper-
son is declining all the time because workers and
contractors are increasingly being given respon-
sibilities related to planning. At the same time,
changes in piece and payment rates reduce the
need for planning. Because of the foreseeable
developments, the time expenditure model based
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on Halinen’s (1984) data is here reduced by more T;’gg:’;pe"d“”’ev cminyha

than a third: 13000

cwy = 0.7 - (9788 — 1759a, + 240a/” + 3536h,) ~ (46) 12000 —=— MT84 clear-cut
10000 —0-— MT84 thinning

where
cw)s = time expenditure of stand definition and harvesting

planning, excl. travel time, cmin/ha (work place time),

a; = area of the stand, ha
hy = dummy-variable for cutting method: 0 = clearcutting, 1 =
thinning

0,7 = factor for reducing the time expenditure because of the
foreseeable developments in methods and implements.

The model is calculated with 15 observations
extracted from Halinen (1984) time expenditure
curve. The model seems to be less accurate in
explaining thinning data than clear cutting data
(Fig. 13).

3.3.5.1.4 Guidance and Work Supervision

The time required for guidance and work super-
vision varies from company to company and
from supervisor to supervisor. The number of
visits by a foreperson to a single site is higher for
labour-intensive sites than mechanized sites be-
cause on the latter the contractor is himself re-
sponsible for the performance of the work and
occupational safety. When work on a stand is
started, the foreperson visits the site to explain
factors related to methods, quality and location.
Final inspection will not be carried out until
work on the site is completed. Often, this is
associated with scaling and other such activities.

The point of departure in the calculations is that
site planning and possible advance measurements
are carried out before felling is started. The number
of site tours by foreperson is obtained by dividing
the volume of timber on the stand by the quantity
felled by a logger or machine during the interval
between two site tours and by adding one (the
first) visit. The duration of an individual site tour
is constant and always carried out by one person.
The value selected for the actual duration of a
single tour was 2500 cmin. The following calcu-
lations are based on the assumption that a site
where motor saws are used is visited by a foreper-
son approx. once every two weeks, in addition to
the first and final tour. On a labour-intensive site,
this is equivalent to 150 m? of felled timber at a
mean daily output of 10 to 20 m*. For mechanized
felling, the corresponding volume selected was
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Fig. 13. Time expenditurc of stand design as a sepa-
rate operation without travels in clear-cutting and
thinning. Comparision of Halinen’s (1984) time
study result (MT84 -curves) and it’s estimate cal-
culated with equation 46 (equation-curves).

2000 m?, which is equivalent to slightly over one
site tour per month in addition to the initial and
final visits.

Total time expenditure on site tours per stand is
obtained by computing the travel time for each
visit by a foreperson. The general equation for
time expenditure for work supervision on stands,
the travel times being based on equation 45:

Ctijvk = C€jy +np~(tkv +404+83.4d, + lS()Odj)+
Y (47)
int—-[cejv +np-(tiy + 404 +83.4d, +1500d;)]

vt

where

cljyk = time expenditure of one guidance and supervision visit, incl.
travel time, cmin

cejy = time e)gp'endil_m:e of tgrrain work by one guidance and
supervision visit, cmin

vy = timber volume, which will be felled between foreperson’s
two visits, m-

V) = outturn of the stand, m3

np = number of forepersons

tey = time expenditure of preparations, cmin

da = travelling distance with car (round-trip), km
dj = walking distance (round-trip), km.

“Int” i for applying only the integer part of the remainder of the
division.

Using the values suggested by Halinen (1984),

as explained in connection with equation 45, the
equation for travel time is obtained as:

ctivk = (3904 +83.4d, +1500d;) +

\4 (48)

int— (3904 +83.4d, +1500d;)

Vvt

where

ctjvk = time expenditure of one guidance and supervision visit, incl.
travel time, cmin, 2500 cmin has been applied here as a
duration of terrain work of one guidance and supervision
visit and 1000 cmin as a duration of preparation time
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vyt = timber volume, which will be felled between foreperson’s
two visits, m?
manual work 150 m3
harvester work 2000 m?3

V| = outturn of the stand, m?
d; = travelling distance with car (round-trip), km
dj = walking distance (round-trip), km.

int” is for applying only the integer part of the remainder of the
division.

It is assumed in the equation that the duration of
a site tour by a foreperson including travel does
not exceed that of a work day. Below, travel
times have been computed from the office to the
site while in practice a foreperson visits several
sites in sequence. The equations are based on
pure working hours so that potential extra prepa-
ration or travel times can be compensated for in
the form of various interruptions. For example,
no account has been taken of the closing of deals
or the input by employees other than those di-
rectly involved with scaling.

3.3.5.1.5 Scaling of Standing Trees by Loggers

A team of two employees defines the boundaries
of the stand, makes the necessary plans and meas-
ures the specimen trees during a single tour of
the site. A foreperson visits the site alone to give
instructions and supervise the work, computes
the results of scaling and draws up the accounts.
Specimen trees are scaled in connection with the
definition and planning of the stand, the time
expenditure for which depends, according to Ha-
linen (1987b), on the volume of the stand and
stem size. He only gives results for a stand size
of 50 to 150 m* and a stem size of 20 to 80 dm’
where this method is most commonly used. For
the purposes of this study, the results have been
extrapolated to include larger stands as well. In
practice, logs prepared from large stems are usu-
ally measured one by one at the road-side.

The time required for scaling trees increases
slightly with increasing stem size because larger
stems are more widely spaced, which increases
the percentage of transfer times. This effect is
reduced with increasing stem size. A more signif-
icant dependence is the relative decrease in scal-
ing time as stands get bigger. The model comput-
ed from Halinen’s (1987b) results has been ad-
justed by a factor 10 % to account for improved
working methods and tools.

Time expenditure, cmin/m3 (work place time) Stem volume, dm3

900 q

800 \ —=— 20, equation
700 —%— 60, equation
600 xg —*— 500, equation

500
400

'\\ A —o— 1000, equation
\ —— 20, MT86
300 R

—+— 60, MT86

200 —
b —— 500, MT86
T,
0 v : T —>— 1000, MT86
0 100 200 300 400 500
Stand volume,

Fig. 14. Time expenditure of specimen tree scaling.
Comparision of Halinen’s (1987b) time study re-
sult (MT86 -curves) and it’s estimate calculated
with equation 49 (equation -curves).

CWonpt = 0.9-{295 — (49)

5937 4 24780
Ve Vi
where ]
CWmpl = time exgendilure of measuring tree length test trees,
cmin/m- (work place time)

Vi = average bole volume, dm”
V) = outturn of the stand, m?
0.9 = factor for reducing the time expenditure because of the

foreseeable developments in methods and implements.

The error of the model is greatest for the small-
est trees (Fig. 14).

Travel and preparation times must be comput-
ed for both individuals, i.e. doubled. Time ex-
penditure for stand definition and design is ob-
tained from equation 46 and specimen tree scal-
ing time from equation 49. The basic duration of
travel and preparation for a single person per day
is obtained from equation 45. Total work time
expenditure inclusive of travel is obtained from
an equation where the new variables are the total
duration of the working day (including travel to
and from work) and the number of workers in the
team:

Clmrsm = NP~ Clygj + CWis a1 + CWypr - V) +
a1-cwis+ Vi Wy

o (50)

int “Np - Ctg,
Id —ct kaj p g

where

Clmrsm = time expenditure of scaling of standing trees by logger.
incl. stand definition, harvesting planning and measuring
tree length test trees, cmin

np = number of foreperson
1d = total length of one working day. incl. travel time. cmin
cwis = time expenditure of stand definition and harvesting

planning, equation 46, cmin/ha

(5
W
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a) area of the stand, ha

CWppl = time expenditure of measuring tree length test trees,
equation 49, cmin/m?

\Y| = outturn of the stand, m3

Clygj = time expenditure of travel and preparations, equation 45,
cmin

“int” is for applying only the integer part of the remainder of

the division.

Time expenditure for guidance and work super-
vision per employee is calculated from equation
48. Computation of the results of scaling takes
20 to 30 min depending on the size of the stand
and experience of the operator (Halinen 1987a).
After this study was completed, new planning
and control systems were introduced by several
companies, these greatly facilitating routine func-
tions. Accordingly, the computation time used
below is 1000 cmin and accounting time 500
cmin. Time expenditure by office employees per
individual stand where standing trees are scaled
by the logger is then:

CT i =Clyprsm +Clisk+ Cligg+ Coir=Clirym+ Clivi+ 1000+ 500 (51)

where

CTmm = time expenditure by office employees per individual stand
when using scaling method scaling of standing trees by
logger, cmin

ctmygm= time expenditure of scaling of standing trees by logger,
incl. stand definition, harvesting planning and measuring
tree length test trees, cmin

ctiyk = time expenditure of one guidance and supervision visit,

incl. travel time, cmin

time expenditure of computation, 1000 cmin

time expenditure of accounting, 500 cmin.

Clias
Cutil

This equation for time expenditure by office em-
ployees per stand gives the time required for
stand design, supervision, computation of the
results of scaling and accounting in average trav-
el conditions (Halinen 1984). The percentage of
scaling work carried out by the logger is includ-
ed in the time expenditure of the logger.

3.3.5.1.6 Scaling at Road-Side

A foreperson defines the boundaries of the stand
and marks the trees to be felled during one site
tour. A team of two workers then scales the logs
one by one and the pulpwood in bunches. Final-
ly, the foreperson computes the results of scaling
and prepares the accounts.

34

Scaling of Individual Logs

Pennanen (1978) studied time spent on scaling
individual logs by a team of two workers who
calculated the results using pocket calculators.
Ylinen (1983) compared the traditional method
of measurement with tongs and a tape (a team of
two) to pocket calculators and electronic tongs
and data storage systems (one person). Halinen
(1987a) found similar differences between me-
chanical and electronic methods. The effective
scaling time required per log depends on the
operator and the method of measurement and
hardly at all on the size of the storage arrange-
ment or trunk size. With electronic data storage
units, preparation and computation times per stor-
age arrangement remain nearly constant. For the
production time expenditure on scaling individ-
ual logs, the following equation is obtained, to
which the average conditions suggested by the
studies completed by Pennanen (1978) and
Ylinen (1988) have been added:

" [ Vu Vu }
Wikm =(1+dxm)- dkpl ——+(dy+dy)— (52)
Vikpl Vip

where
cwikm = time expenditure of scaling logs individually, cmin/m?3
(work place time)

dgm = percentage of delays, % (15 %)

dgpi = time expenditure of scaling one log, cmin/log (effective
time) (12 cmin/log)

Vit = total volume of the logs to be scaled, m3

vikpl = average volume of log, m3 (0,23 m3)

dy = computing time of one storage pile, cmin/pile (300 cmin/
pile)

dty = travel and preparation time of one storage pile, cmin/pile
(350 cmin/pile)

vty = average volume of one storage pile, m3 (50 m?).

When the above mean values are applied to a
single-handed team that uses electronic scaling
units, the following simplified equation is ob-
tained:

Wik = 1.15{12 b +65()ﬂ} (53)
0.230 50

where

cwikm = time expenditure of scaling logs individually, cmin/m?3
(work place time)

Vit = total volume of the logs to be measured, m3.

Scaling of Pulpwood in Bunches

According to Pennanen (1978), time expendi-
ture for scaling in bunches and computation by a
team of two workers is mainly determined by the
size of the storage arrangement to be measured.
In this study, the mean size of the bunches was
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Fig. 15. Time expenditure of scaling timber in bunch-
es. Comparison of Pennanen’s (1978) time study
results (Measuring and calculation -curves) and
their estimates calculated with equation 55
(Est.measuring  -curve) and equation 56
(Est.calculation -curve). Estimate curves does not
include deduction of electronic measuring device
(see text).

39 m* within a range of 3 to 161 m*. When 3 m
pulpwood is measured in bunches, the equation
for production time expenditure is as follows:

CWpm = (l + dkpm ) '[Ccpmm + Ccpml +Cey (54)
Vvm

where

CWpm = lime cx[;cndilure of scaling pulpwood in bunches,
cmin/m- (work place time)

dgpm = percentage of delays, %

cepmm = time expenditure of scaling bunches. cmin (effective time)

cepmi = time expenditure of computing, cmin (effective time)

ceky = travel and preparation time of one bunch, cmin/bunch

vik = total volume of pulpwood to be measured, m?

Vem = average volume of one bunch, m3.

Non-linear equations with regard to the mean
bunch size can be computed for effective time
expenditure required by bunch scaling and com-
putation of results in accordance with the study
by Pennanen (1978) (Fig. 15). According to Ha-
linen (1987a), the use of electronic scaling units
cuts down the time expenditure for scaling to 95
% and that for computation to 35 % as compared
with the values suggested by Pennanen. On these
assumptions, the equations for time expenditure
for scaling in bunches and the related computa-
tion of results are obtained as follows when elec-
tronic equipment is used:

C€pmm :().‘)5-|:36.5+1153-—1—j|-vkl

Vip
+ IU()SV}([

Vkp

(55)
= 34 7- Vit

where

cepmm = time expenditure of scaling pulpwood in bunches, cmin
(effective time)

Vkt = total volume of pulpwood to be measured, m3

Vkp = average volume of one bunch, m3.

gy = 0.35-[3.2%269#}%

Vi
kp (56)
5Vk
=115 v+ ——
Vip
where
cepm = time expenditure of computing scaling results for
pulpwood in bunches, cmin (effective time)
Vie = total volume of pulpwood to be measured, m?
Vkp = averge volume of one bunch, m-”.

Total time expenditure for field work in scaling
logs and pulpwood also includes the travel time
required by one individual:

. 5 CWikm +C€
Climm = Cliaj + CWikm + C€pmm + ln{& - Clij

Id —ct kaj
(57)
where
Climm = field time expenditure of scaling at road-side, incl. travel,
cmin
Id = total length of one working day, incl. travel time, cmin
cWikm = time expenditure of scaling logs individually (equation

53), cmin
cepmm = time expenditure of scaling pulpwood in bunches
(equation 55), cmin

Clgaj = time expenditure of travel and preparation (equation 45).
cmin

“int” is for applying only the integer part of the remainder of
the division.

The selected time expenditure for accounting is
1500 cmin. This gives the following time ex-
penditure by office employees per stand scaled
at the road-side:

CTjn = Clysm + Clinm + Cli + CC + Cut (58)
= Clyrm + Climm + Cliyk + €€ + 1500

where

CTjm = time expenditure of office employees by carrying out

harvesting of one at the road-side scaled stand. cmin
Clmrsm = time expenditure of stand definition, harvesting planning

and measuring tree length test trees, incl. travel, cmin
Ctimm = field time expenditure of scaling at road-side. incl. travel.

cmin

ctiyk = time expenditure of one guidance and supervision visit,
incl. travel time, cmin

cepml = time expenditure of computing scaling results for
pulpwood in bunches. cmin

cyil = time expenditure of accounting. cmin.

(%]
N
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3.3.5.1.7 Automatic Scaling by Logging
Machine

A foreperson defines the boundaries of a stand
and plans the harvesting operations on a single
tour of the site. A team of two workers then
checks the results. Finally, the foreperson carries
out the final inspection and makes the necessary
plans for long-distance haulage. At the office, he
computes the results of measurements and pre-
pares the accounts.

According to Halinen (1984), time expenditure
per area unit for planning the harvest in a stand as
used for labour-intensive cutting operations is too
high for stands to be felled by machines when the
trees to be removed are selected by the operator.
No research data is available on the differences in
time expenditure. Here, time expenditure is 60 %
of that of a labour-intensive cutting operation
(equation 46), which gives the following equa-
tion:

CWien = 0.42 - (9788-1759a,+240a°+3536h,)  (59)

where

cwiksm= time expenditure of stand definition and harvesting
planning (excl. travel) on a mechanical harvested stand,
cmin/ha (work place time)

a = area of the stand, ha

hy = dummy variable for cutting method: 0 = clear-cutting, 1 =
thinning

0,42 = factor for reducing the time expenditure because of the

foreseeable developments in methods and implements.

When travel times are added to equation (59),
the time expended on planning a stand for mech-
anized felling is obtained as follows:

5 CWiksm * @
Ctysm = Clkaj + CWiksm a1 + mt[-—"“"‘ l ] Cligj (60)

Id - Claj

where

ctgsm = time expenditure of stand definition and harvesting
planning (incl. travel) on a mechanical harvested stand,
cmin,

Id = total length of one working day, incl. travel, cmin

cWiksm = time expenditure of stand definition and harvesting
planning, (equation 59), cmin/ha

a) = area of the stand, ha

Clggj = time expenditure of travel and preparations for one visit,

(equation 45) cmin
is for applying only the integer part of the remainder of
the division.

s

“int’

The methods used in verification measurements
have not yet been standardized (Perttola & Riep-
po 1991). At the beginning of automatic scaling
by a logging machine, measurements made on a
small batch of timber from each stand were veri-
fied and the results compared with the machine

36

listing. With the improved accuracy and reliabil-
ity and increasing popularity of automatic scal-
ing, it is unlikely that verification measurements
will be performed on all stands in the future.
According to a foreperson interviewed in the
early spring of 1991, verification measurements
take 2 hours of site time per stand. Work is
expected to become quicker and easier when the
new methods win more ground, and so a value of
9000 cmin was selected as standard. Verification
measurements are carried out in increments of 10
% of the felled volume. Mathematically, this is
performed by dividing the time expended on ver-
ification measurements between the individual
stands as a percentage per stand size of the esti-
mated annual machine output. For the purposes of
this study, annual output by a logging machine
was chosen as 20 000 m?, and so verification
measurements are performed on 2000 m®. Time
expended on verification measurements by a team
of two workers, including travel time, is then:

Vi

Clim = [P cerm +np-(3904 +83.4m, +1500m;)|
tmv
(61)
where
Ctyym = time expenditure of verification measurements
(incl. travel) on mechanical harvested stand, cmin
Vi = outturn of the stand, m-
vimy = volume of the verification measurements, m3
(here applied 2000 m?3)
np = number of persons, (here applied 2)
cexm = time expenditure of verification measurements, cmin
(here applied 9000 cmin)
m, = travel distance by car (round-trip), km
m; = walking distance (round-trip), km

“int” is for applying only the integer part of the remainder of
the division.

The equation is based on the assumption that
verification and related trips are completed dur-
ing one work day. Computation of the results of
measurements is included in the scaling time
expenditure because the results must be obtained
immediately to be able to determine whether the
logging machine’s scaling instruments need to
be calibrated. Time expenditure by the foreper-
son is calculated from equation 48, where the
volume felled during the interval between two
site tours of a mechanically cut stand is 2000 m*.
Accounting time expenditure is 1000 cmin.
Time expenditure for inspecting a mechanical-
ly felled stand and planning long-distance haul-
age including travel times at a constant operating
time expenditure of 2500 cmin is as follows:
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Ctkllﬂp = C‘kuj + ctk(l (62)

where
Clktlop = ume.expenditure of inspecting and planning long distance
hauling on a mechanically harvested stand, incl. travel,

cmin

Clkgj = time expenditure of one travel and preparation for one
visit, cmin (equation 45)

Ctgg = constant time expenditure of inspecting and planning long

distance hauling, (here applied 2500 cmin).

By summing up the time expended on the vari-
ous operations, employee time expenditure for
stands scaled by the logging machine is obtained
as:

CT;n = Clygm + Clyy + Cliuk + Clyyop + Cui (63)

where

CTjm = time expenditure of office employees by carrying out
harvesting of a mechanically harvested stand, cmin

Ctksm = time expenditure of stand definition and harvesting
planning, cmin (equation 60)

Ctikym = time expenditure of verification measurements, cmin
(equation 61)

ctik = time expenditure of one guidance and supervision visit,
cmin (here applied 2000 m” cutting between visits)
(equation 47)

Clilop = time expenditure of inspecting and planning long distance
hauling, cmin (equation 62)

Cutil = time expenditure of accounting, cmin (here applied 1000
cmin). .

3.3.5.1.8 Scaling by Logging Machine
in All-Round Contracting

In all-round contracting, the contractor assumes
responsibility for felling and off-road haulage,
possibly also for long-distance haulage and the
purchase of the stand (Mikkonen 1987, Auto-
ja... 1992 and Rajamiki & Terivi 1992). If the
responsibility for the performance of the work
were more extensive than today, the amount of
work to be carried out by the employees of the
buyer company would be affected. However, all-
round contracting has not yet assumed its final
form and methods so that the following calcula-
tions consist of estimates as to potential future
developments.

Instructions necessary for beginning the felling
operation are provided by the foreperson during a
single visit to the site. Verification measurements
are carried out by a team of two. Quality is checked
in connection with verification. The final inspec-
tion, computation of the results of the measure-
ments and accounting are performed by the fore-
person.

Time expenditure for commencing work on a
stand selected for mechanized felling including
travel times at a standard presentation time (1500
cmin) is as follows:

Cliokalk = Cliaj + Clygia (64)
where

Clkokalk = time expenditure for commencing work on an all-round
contracting stand, incl. travel, cmin

Clkaj = time expenditure of travel and preparation for one visit,
cmin (equation 45)

Clkoka = constant time of commencing work, cmin (here applied
1500 cmin).

Verification measurements are carried out in in-
crements of 10 % of the total felled volume. For
the purposes of this study, annual output by a
logging machine was determined as 30 000 m?,
and so verification measurements were performed
on 3000 m’. Time expenditure for verification
measurements by a team of two workers includ-
ing travel time is then:

=11}
Cliokkim = —— [P Cexm + np- (3904 +83.4m, +1500m;)]

tmv
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where ( )

Clkokktm = time expenditure of verification measurement of an all-
round contracting stand, incl. travel, cmin

Vi = outturn of the stand, m”’

Vimy = volume of the verification measurements, m? (here
applied 3000 m3)

np = number of persons (here applied 2 persons)

cexrm = time expenditure of verification measurements, cmin,
(here applied 9000 cmin) (equation 61)

my = travel distance with car (round-trip), km

m; = walking distance (round-trip), km

“int” is for applying only the integer part of the remainder of

the division.

Computation of the results of measurements is
included in the time expenditure because the
results must be obtained immediately to be able
to determine whether the logging machine’s scal-
ing instruments need to be calibrated.

Time expenditure for inspecting and closing a
mechanically felled stand including travel times
at a constant inspection time expenditure of 1500
cmin is as follows:

Clioktop = Cliaj + Clioir (66)

where

Clkoklop = time expenditure of closing and planning long distance
transport on an all-round contracting stand, incl. travel.
cmin

Cliaj = time expenditure of one travel and preparation visit,
cmin (equation 45)

Clkokl = constant time of closing the stand and planning of long

distance transport, cmin (here applied 1500 cmin).
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By summing up the time expended on the vari-
ous operations, employee time expenditure in
all-round contracting for stands scaled by the
logging machine is obtained as:

CTyokim = Cliokalk + Clkokkim + Cliokiop T Cuil (67)

where
CTkokim = time expenditure of office employees by carrying out
harvesting of an all-round contracting stand, cmin,

Cliokalk = time expenditure for commencing work, cmin (equation
64)

Clgokktm = time expenditure of verification measurement, cmin
(equation 65)

Ctkoklop = time expenditure of closing the stand and planning long
distance, cmin (equation 66)

Cutil = time expenditure of accounting, cmin (here applied
1000 cmin).

3.3.5.2 Cost Models for Other Administrative
Activities

Time expended on planning, scaling and work
supervision are, to some extent, determined by
the volume of timber to be handled and the work-
ing conditions. The resources required for pur-
chasing timber depend very little on the volume
of wood being purchased. There are a number of
other duties related to timber purchasing that are
extremely difficult to relate to the volume of
timber to be handled. The resource requirements
for actions necessary for controlling timber pro-
curement are determined by the corporate organ-
ization, traditions and a number of other such
factors. Very little data is available on this sub-
ject outside the operative organizations, if even
there. Organizations are undergoing profound
changes aiming at reducing the number of levels
within the organization (cf. Kanto 1990).

Of the total working hours of the district man-
agers, procurement managers and forepersons of
a certain company, 6 % was expended on making
the deals, 12 % on harvesting and 13 % on long-
distance haulage (Laine 1989). Only a third of
their working hours was then expended on duties
directly related to procurement. Most of their time
was used on training, advising and management
(47 %), part of which, of course, had to do with
procurement. In 1985, district managers procured
an average of 22 000 m? of timber p.a. (Juntunen
1988). The important part played by the organi-
zation is illustrated by this example provided by
Juntunen (1988): foreperson working for private
companies had to have a total of 50 stands har-
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vested to achieve the same volume as the Finnish
Forest and Park Service could harvest from 2
stands. The difference is not only due to different
modes of operation but mainly to the fact that the
duties of the various individuals at private com-
panies and the Finnish Forest and Park Service
differ greatly.

The selected method of scaling has a marked
impact on the size of the organization. In 1988,
scaling of standing trees accounted for 27 % of
the total in timber procurement by the industry
(Elovainio & Halinen 1989) but this figure is con-
stantly declining as a result of companies switch-
ing over to automatic scaling by logging machines.

Administrative measures required in addition
to operations directly related to the implementa-
tion of cutting on the stand were included in the
form of average costs.

3.4 Model Validation

Model validation refers to a process by which it
is determined how accurately the model describes
the actual state of affairs being modelled. Be-
cause a model is, by definition, a simplification
of reality, it should not be expected to provide a
perfect description of the behaviour of any sys-
tem. However, if the model is appropriately de-
signed and tested, the result it yields gives an
adequate approximation of the actual situation
(Hillier & Lieberman 1974).

The most common method of testing the valid-
ity of amodel is to compare its performance against
previous data available on the actual system. A
model is valid if it, given identical input values,
yields results identical to real values. However,
the problem with this type of retrospective testing
is that it is often necessary to use the same data on
the basis of which the model was originally creat-
ed. Nor can there be any certainty that any system
will in the future perform in the same way as in
the past (Hillier & Licberman 1974, Taha 1985).

The timber procurement model was validated
with regard to the equations for, and form of, har-
vesting method and short-distance haulage in a
separate study (Alanne 1993) where target opti-
mization was used to determine the manpower
requirement for commercial cutting in 1990. This
was done by creating a monthly model based on
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Fig. 16. Correspondence of annual outturn calculated
with model to goals in year 1990 (Alanne 1993)(see
text). On X-axis abbreviations of months.

goal optimization which was then used for com-
puting manpower requirements for cutting, off-
road haulage and work supervision. Goal optimi-
zation was selected as the method of mathemati-
cal programming because it makes it possible to
take account of several goals simultaneously.

Monthly felled volumes necessary as input val-

ues for validation were obtained from the com-
mercial cutting and Jabour statistics compiled by
the Finnish Forest Research Institute (Markkinap-
uun ... 1990, 1991a and 1992a). Felled volumes
inindividual forestry board areas were taken from
half-yearly statistics (Markkinapuun ...1991b and
1992b). Distributions by harvesting method and
area were calculated from the relative areas of the
cutting sites selected from the Yearbook of Forest
Statistics (1992). The percentages of timber felled
using the various harvesting systems were calcu-
lated by weighing the areas of local cutting sites
by stand densities. The distribution by harvesting
method for the areas was computed as a ratio of
volumes by harvesting method to total felled vol-
umes by harvesting method.

The target felled volumes were divided between
cutting operations carried out by professionals on
one hand and private woodlot owners on the oth-
er. The percentages of professional and private
logging were calculated from the half-yearly sta-
tistics. To calculate the distribution by harvesting
method according to operator, the distribution by
harvesting method suggested by Toivanen et al.
(1992) for delivery cuttings was used. Percentag-
es of mechanized felling of professionally har-
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Fig. 17. Correspondence of annual number of for-
warders calculated with model to those actually
working in year 1990 (Alanne 1993). A-1 ... A-4
represent four different calculation scenarios (see
text). On X-axis abbreviations of months.

vested timber were defined in accordance with
the figures suggested by Laajalahti and Pennanen
(1991) and Laajalahti and Siteri (1992 and 1993).

The model was validated using four different
calculation scenarios (curves A—1 ... A—4 in the
Fig. 17). The variables consisted of permitted
variations in the volumes by timber assortment
and harvesting method. The difference in felled
volumes by timber assortment, as compared with
real figures, was 1 to 9 % (Fig. 16). The volumes
departed from the goals more with regard to har-
vesting method than to timber assortment. As far
as internal differences between the various har-
vesting methods are concerned, the felled volumes
exceeded the goals by a wide margin, while the
volumes cut in thinnings fell short of the targets.

In terms of manpower requirements, the vol-
umes matched the real figures fairly closely. How-
ever, the number of forest owners engaged in pri-
vate cutting and haulage operations yielded by
the model was clearly higher than that suggested
by the reference data given by Mr Ilppo Greis
(M.Sc.(Arg.For.), employer representative of
Forest Centre Tapio). With regard to profession-
ally operated harvesters, the numbers were in
agreements with the statistics in the autumn and
winter seasons. For summer, the model clearly
exaggerated the number of logging and short-dis-
tance haulage machines. Fig. 17 presents the com-
parison of number of actually worked forwarders
and number of forwarders calculated with model
in four scenarios.



4 Procurement Model and Future Scenarios

4.1 Optimization Model

The goal function used in the timber procure-
ment model devised for the purposes of the
present study minimizes annual procurement
costs within the limits imposed by the given
resource and timber utilization data. The model
includes 862 variables and 560 limiting factors.
The variables, target function and equations used
in the model are presented in Appendix 1. The
input data for optimization were as follows:

—  Timber recovery by timber assortment in the cut-
ting area according stand type

— Bartering between the areas analyzed by timber
assortment

—  Volumes used by timber assortment and process-
ing point

— Variation range for seasonal fluctuations in the
percentages of private and industrial harvesting

—  Variation range for seasonal fluctuations in pri-
vate and industrial harvesting by stand type

—  Seasonal fluctuations in mill reception (long-dis-
tance haulage)

— Productivity of cutting and off-road haulage ac-
cording to stand type and season

— Productivity of long-distance haulage

—  Time expenditure for work supervision and scal-
ing

—  Costs of man-hour and machine-hour according
to season

—  Unit costs of floating and railway transportation
according to processing point

—  Method-related and seasonal restrictions on har-
vesting

—  Percentages of silvicultural operations in terms of
the area of the cutting sites following completed
felling

—  Productivity of silvicultural operations

—  Cost of silvicultural operations

In the 1990 model, the limiting factors were
used fairly extensively to compel the outcome to
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match real conditions. A minimum area restric-
tion for each stand type was given as 80 % of
materialized cutting area. The maximum restric-
tion for tree farmers own logging work was cal-
culated from enquiry values given by Koistinen
(1991). The lower limit of forest owners own
transport work was given as 35 % of the volume
cut by tree farmers. The floating volumes in
East- and West-Finland were forced to follow
the materialized volumes.

For the 2000 and 2010 models, the restrictions
were made somewhat less strict. Two new log-
ging methods was created. Semi professional tree
farmer’s productivity is 80 % of professional log-
ger (“normal” tree farmer: 75 %) and he cuts 350
m?/a (200 m?/a). An all-round contractor owns
10-tonne one grip harvester and forwarder. Fore-
persons supervising work in this method is faster
than in method where harvester and forwarder are
owned separately. Tree farmers logging work was
restricted to the maximum willingness in Koistin-
en’s (1991) enquiry. There was no minimum vol-
ume restrictions for tree farmers own transport
work in 2000 and 2010. First thinnings had a min-
imum area requirement in 2000, so that the changes
would not be too big. Seed tree and shelter wood
cutting had to be restricted in 2010 in East-Fin-
land. Floating and railroad transportation had rea-
sonable maximum limits in 2000 and 2010, but
limits were not hit.

The model provides the following data:

— Total costs

—  Unit costs of work supervision and scaling

—  Unit costs of cutting and off-road haulage

— Unit costs of long-distance haulage

—  Unit costs of silvicultural operations

— Required manpower and machine resources

— Breakdown of harvesting into delivery cuttings
and stumpage sales

— Seasonal fluctuations in private and industrial-
scale harvesting

— Timber volumes by stand type
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— Timber volumes by harvesting system
— Timber volumes by season

— Volumes of bartered timber

— Shadow prices.

The various optional courses of future develop-
ment were studied by computing the results at
several input and variable values. The stability
of individual solutions was analyzed by means
of shadow prices.

4.2 Optional Courses of Development and
Restrictions
4.2.1 Future Trends in Timber Usage and

Supply

In the summer of 1992, scientists involved in the
project “Effects of the Structural Changes in the
Forest Industry on the Various Professional Cat-
egories” held a number brainstorming meetings
where it was agreed that the calculation bases to
be used for computation should be as uniform as
possible. To this end, Seppild (1993) prepared
forecasts for timber usage by the industry and
derived from them three accumulation alterna-
tives (Fig. 18). On the basis of timber supply,
Jarveldinen and Torvelainen (1993) calculated
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Fig. 18. Timber recovery alternatives for years 1990,
2000 ja 2010 by Jarveliinen and Torvelainen
(1993)(two alternatives), Forest 2000 Programme
(Metsi 2000 ... 1992)(M. 2000 -curves, two alter-
natives) and Seppili (1993)(three alternatives). In
this study the optimization calculations are made
for all three Seppiild’s alternatives. Seppild’s al-
ternative two is base for several cost-devepment
alternative calculations.

two timber recovery alternatives (Fig. 18). The
cutting plans drawn up by the Forest 2000 Pro-
gramme (Metsi 2000...1992) suggest higher fig-
ures than the studies mentioned above (Fig. 18).
A decision was made to compute procurement
optimization for Seppéld’s alternative no. 2 which
falls in between the scenarios computed by
Jarveldinen and Torvelainen (1993). To deter-
mine the effect of felled volume, the employ-
ment and cost effects of procurement were also
computed for Seppild’s alternatives 1 and 3 (Fig.
18).

The prediction of changes in the volume of tim-
ber to be used by the processing points is based on
Seppiild’s calculations (1993) concerning the pro-
duction estimates for individual product groups
and consumption of raw timber by the forest in-
dustry in 1990, 2000 and 2010 (Appendix 2).
Growth in industrial capacity is expected to be
more or less uniform within each processing point
so that the number of processing points and mills
contained in them has remained unchanged. The
volumes of the various wood products used at the
mills will change. According to Seppild (1993),
the use of spruce sawlogs for making groundwood
pulp will increase. As a result of more stringent
quality criteria for timber species and more versa-
tile end-uses, the size limits for sawlogs and pulp-
wood were modified in Mr Waite’s programme
which is used for dividing the logs into timber
assortments. In the 1990 calculations, the mini-
mum dimensions of pulpwood irrespective of
species are a length of 15 dm and top diameter of
6 cm. The minimum length of a sawlog is 37 dm
and minimum top diameter 17 cm. In 2000 and
2010 the minimum dimensions of pulpwood will
remain the same whereas the minimum length of
pine and hardwood sawlogs will be 46 dm and top
diameter 19 cm. The minimum dimensions of
spruce sawlogs are 40 dm and 19 cm, respective-
ly.

According to the production estimate given by
the industry on the basis of the 68 million m3
timber recovery suggested by Seppild (1993),
sawmill production will drop by 0.7 % per year
from 1990 to 2010. The production of plywood
and other boards will remain more or less at the
current level. Groundwood pulp production will
grow by 2.1 % per year in the future. Total pro-
duction of chemical pulp will increase by 1.1 %
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per year, with hardwood sulphate growing faster
than softwood sulphate. No other chemical pulp
types will be produced. Paper production will in-
crease faster than any other product, the growth
rate being 2.9 % per year from 1990 to 2010.
Newsprint production will fall, while the produc-
tion of wood-containing printing and writing pa-
pers and special papers will increase. Cardboard
production will grow by 1.2 % per year. On the
basis of these figures on industrial production,
Seppild (1993) predicts that demand for pine and
spruce logs will decline by 16 % from the current
18.1 million m?during the period from 1990 to
2010. Demand for hardwood logs will remain
constant. To increase production, 44 % more pulp-
wood will be required. The growth in demand will
be greatest for spruce logs.

Appendix 2 provides an example of the timber
usage volumes by the processing points in each
area, the size of the procurement areas and the
average haulage distances in 1990, 2000 and 2010
as used in the optimization calculations.

4.2.2 Future Trends in Stand Composition

The number of stems on a stand and their size
distribution are determined by the history of the
stand, mainly by planting density and the inten-
sity of the cuttings completed to date. To predict
the characteristics of stands in 2000 and 2010,
the alternative programme IV drafted by the Thin-
ning Commission of the Ministry of Agriculture
and Forestry (Harvennushakkuiden... 1992). It
represents an optimum thinning model comput-
ed by means of the MELA system aimed at
maximizing the discounted current value of
woodlots at an interest rate of 3 %. For the
purposes of this study, Mr Mauno Pesonen,
M.Sc.(Agr.For.), researcher in the Finnish For-
est Research Institute, outputted area-specific
cutting data forecasts from the computations he
had made in the course of the study mentioned
above. The optimization calculation takes ac-
count of the productivity and cost of harvesting.
This degree of overlapping was found to be ac-
ceptable in the light of the fact that the input data
used in the report by the Thinning Commission
and in this study were based on the same surveys
carried out by Metsiteho. Stand volumes will
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increase in the future, excluding removals of
seed and shelter trees which will decline with
time. The volume per hectare of the trees to be
removed will increase in first thinnings but de-
crease in the removal of seed and shelter trees.
Other types of stands will be characterized by
alternating growth and decline with time. Tim-
ber species distributions will vary from area to
area and stand to stand.

The composition of timber by stem type re-
moved from the different types of stands was
modified on the basis of “scaling of standing trees”
-statistics data (Lassheikki 1989), usually by re-
ducing the values. Thinnings and small stands are
under-represented in the “scaling of standing
trees” -statistics. Stem volume distribution was
modified according to the forecasts prepared by
Mr Pesonen and, particularly, Lilleberg and Rai-
tanen (1989).

4.2.3 Future Trends in Costs

The costs of labour-intensive cutting are based
on the forest work force number and income
figures given by Mr. Erkki Eilavaara (M.Sc.
(Agr.For.), representative of the Forest Employ-
ers Association), the Collective Agreement on
Forest and Floating Work (Metsi- ja.... 1990),
Rainio (1992), the Statistical Yearbooks of the
Forest Employers (Tilastokatsaus 1989, 1990 and
1992) and the Yearbook of Forest Statistics
(1989). The costs of cutting operations carried
out with logging machines and harvesters are
based on the data published by Hemmila (1991)
and Jaakkola (1990a and 1990b). Mr. Harri

Rumpunen, (M.Sc.(Agr.For.), representative of

the Transport User’s Association of Forest
Branch), gave cost calculation examples and
hour-cost statistics for harvesters and forward-
ers. The costs of logging and haulage by private
woodlot owners are taken from Valkonen’s study
(1990). General costs were estimated on the ba-
sis of the Yearbook of Forest Statistics (1989)
and Metsiteho’s SUSY system (Lindroos 1991).
The costs of floating and railway transportation
are determined by means of the cost-dependence
equations at the 1990 price level. The costs and
wages used as a basis for the 1990 calculations
are shown in Table 2.
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Table 2. Overhead cost, wages and subsidiary cost, costs per hour for machines and
unit costs of rail transport and floating, which are applied in optimum calculations

for the year 1990.

Cost component Cost Unit Remarks

Cost of purchase

Harvesting by company 12 FIM/m’*

Harvesting by forest owner 12 FIM/m?

Overhead cost

Procurement by company,

mechanized cutting 3 FIM/m’

Procurement by company,

manual cutting 5 FIM/m?

Harvesting by forest owner 2 FIM/m?

Wage cost in person work hours

Cutting by professional logger 39 FIM/h Subsidiary cost 68 %
Logging by forest owner 35 FIM/h Subsidiary cost 20 %
Scaling and supervision of work 40 FIM/h Subsidiary cost 68 %
Cost per hour for machine work

Track-mounted 4-tonne forwarder 208 FIM/h

8-tonne forwarder 250 FIM/h

10-tonne forwarder 293 FIM/h

Farm tractor + hydraulic skidding grapple 205 FIM/h

Farm tractor + trailer + hydraulic loader 230 FIM/h

Light one-grip harvester 208 FIM/h

One-grip harvester 373 FIM/h

Two-grip harvester 418 FIM/h

Truck and trailer

290 FIM/h

The optimums for procurement costs in 2000
and 2010 were calculated for three alternative
procurement volumes compatible with Seppild’s
(1993) three scenarios (Fig. 18). In addition to the
cost development scenario used in the compari-
son of procured volumes, cost development for
the middle scenario was also calculated in respect
of three other alternatives (Table 3). Apart from
these, the optimum alternative for procurement
costs was computed for the middle procurement
volume alternative on the basis of the standard
cost development, where each type of stand was
burdened by silvicultural operations following the
completion of cutting.

The costs used as a basis for the optimization
calculations for 2000 and 2010 were computed
by increasing the 1990 costs by a certain annual
percentage. The percentage increase in the cost of
the basic solutions in terms of procurement vol-
umes are based on the nominal increase in costs

from 1980 to 1990 (Table 4) (Yearbook of... 1989,
Tilastokatsaus 1989 and 1990 and statistics given
by Mr. Markku Maukonen, (Department manag-
er of Finnish Truck Owners Association), and Mr.
Harri Rumpunen. To test cost sensitivity, three
optional scenarios were prepared for future cost
development in addition to the basic concept,
which will subsequently be referred to as follows
in accordance with Table 4: basic, low-cost, high-
cost and expensive machinery. The costs are nom-
inal costs.

4.3.4 Future Trends in Working Methods and
Conditions

The model was not allowed to compute the 1990
optimum freely: instead, calculations were gov-
erned by a number of restrictions based on the
1990 data. For example, the total area of first
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Table 3. Annual procurement and cost trend alternatives which are applied in optimum calculations for 1990,
2000 and 2010. The names and abbreviations of optimization alternatives. Alternatives of annual procure-
ment are based on Seppild’s (1993) three future scenarios (Figure 18).

Name of Abbreviation Annual Annual Annual Level of Remarks
optimization procurement procurement procurement  the increase
alternative 1990, Mm? 2000, Mm? 2010, Mm? of costs
Procurement 59 KO 50 54 59 Basic Seppild’s
optimum scenario n:o 2
Silvicultural- 59 MHO 50 54 59 Basic Type stands
optimum burdened by
silvicultural
operations
High costs 59 +20% 50 54 59 Basic +20%
Low costs 59 -20% 50 54 59 Basic —20%
High machine 59 Mixed 50 54 59 Manual work
cost Basic, machine
work + 20%
Small 50 Mm? 50 50 50 Basic Seppild’s
procurement scenario n:o 1
Large 68 Mm?* 50 ShY) 68 Basic Seppild’s
procurement scenario n:o 3

thinnings was based on the actual area in 1990.
Of course, the optimization model scheduled all
work for seasons when ground is bare because
harvesting is more expensive in winter due to
snow. The variation range for seasonal fluctua-
tions in the 1990 calculations was determined in
accordance with Korpilahti’s (1990) study. For
2000 and 2010, seasonal fluctuations were slight-
ly levelled out by adjusting the percentage of
volumes felled in the summer season (July to
September) from 12 % in 1990 to 19 to 20 %
whereas the percentage of volumes felled in the
winter season (January to March) was reduced
from 34 % in 1990 to 30 % for the future.

The limiting factor used for forest owners own
cutting and haulage work consisted of the work-
ing hours completed in 1990 as indicated by the
statistics compiled by Koistinen (1991). For 2000
and 2010, the upper limit for individual work in-
put was based on Koistinen’s forecasts (1991 and
1992) for the maximum input available. Optimi-
zation suggests that forest owners cutting work is
profitable with certain working methods to the
extent that such work is available. Off-road haul-
age by a farm tractor is not equally profitable so
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that at least 35 % of the volume felled by private
means was assumed to be transported by similar
means. From the point of view of private house-
holding, such haulage is often profitable at cur-
rent tax rates, providing that the necessary ma-
chinery is available. The 1990 calculations did
not take into account active tree farmers cutting
method. Later on, it proved to be the only method
of private felling that made sense financially.

A harvester / forwarder series in all-round con-
tracting was not included until the calculations
for 2000 and 2010. In sharp contrast to the actual
situation, loose floating was not allowed for north-
ern Finland at all. It was felt to be unnecessary to
prepare cost and time expenditure models for loose
floating because it has not been carried out since
1991. Floating in bundles will probably be restrict-
ed by increasing shoreline conservation and the
desire to maintain timber quality and curb capital
costs. Carriage by ships may replace floating in
some instances.

As arule, the productivity of work and working
methods increases as the methods improve. On
the other hand, more careful execution of the work
or a decrease in the size of the pieces to be han-
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Table 4. Yearly percential cost increases, which are applied with different cost development scenarios.

Cost component Basic, %/a Low-cost, %/a  High-cost, %/a High machinery
cost, %/a
Cost of purchase
Harvesting by company 3 24 3.6 3
Harvesting by forest owner 3 24 3.6 3
Overhead cost
Procurement by company, mechanized cutting 3 24 3.6 3
Procurement by company, manual cutting 3 24 3.6 3
Harvesting by forest owner 3 24 3.6 3
Wage cost in person work hours
Cutting by logger 5 4 6 5
Cutting by forest owner 5 4 6 5"
Scaling and supervision 6 4.8 7.2 5
Hourly machine cost
Track-mounted 4-tonne forwarder 25 2 3 3.75
8-tonne forwarder 25 2 3 3.75
10-tonne forwarder 2.5 2 3 375
Farm tractor + hydraulic skidding grapple 2.5 2 3 3.75
Farm tractor + trailer + hydraulic loader 25 2 3 3.75
Light one-grip harvester 25 2 3 3.75
One-grip harvester 25 2 3 3.75
Two-grip harvester 25 2 3 3.95
Truck and trailer 4.5 3.6 5.4 5

Unit cost
Rail transport
Floating
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Table 5. Yearly increment of work productivity in
various functions of forest operations which are
applied in optimum calculations.

Working methods Increment of work productivity, %/a

Manual logging 0.5

Mechanized logging 1

Terrain transportation 1
5

Work supervision

Truck transportation
Manual silvicutural works
Mechanized silvicultural works 1

dled can reduce productivity. The productivity of
the various working methods was expected to
Increase in accordance with Table 5.

4.2.5 Future Trends in Silvicultural Opera-
tions

At present, the labour force engaged in wood
procurement is no longer separate from those
involved in silviculture. Almost without excep-
tion, loggers felling trees in winter participate in
silviculture in the spring and spend the better part
of the summer clearing planted stands. As it is
becoming increasingly difficult to hire students
and seasonal workers for a short term, loggers
have been employed in greater numbers than nec-
essary for cutting operations in winter in order to
ensure a sufficient supply of labour in summer. In
silviculture, the input of human labour is more
important than in felling because attempts to mech-
anize silviculture have not been very successful.
Annual working hours expended on the various
areas of silviculture can be confined to a couple of
months a year by biological factors.
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The sequence of actions employed in different
conditions make it possible, to some extent, to
predict the amount of silvicultural operations re-
sulting from given cutting methods because part
of the work is directly linked to the felling quan-
titatively and temporarily. A case in point is the
cultivation of clear-cut areas within a couple of
years of the completion of cutting. Thinning and
clearing of sapling stands are examples of actions
whose timing and or execution is not directly de-
termined by the preceding felling. The locality,
site preparation, method of planting, financial tar-
gets established for silvicultural action and the
quality objectives set for the timber to be grown
on the site are examples of factors that affect the
amount of clearing work more than the method of
the preceding harvesting.

The effect of silvicultural operations on the re-
source requirements and costs of timber procure-
ment is studied by determining a series of silvi-
cultural actions to be implemented on each type
of stand after felling. The resources required by
such a series of actions per hectare are priced at
the 1990 cost level, which is then augmented by
the percentage increases in the cost of labour-in-
tensive work and productivity for 2000 and 2010.
The costs arrived at in this way will be taken into
account, in respect of each stand type, as addi-
tional costs when procurement costs are optimized.

The sequence of actions for stands marked for
clear-cutting includes the clearing, site prepara-

tion, planting and thinning of the regeneration area.
The action on stands marked for seed and shelter
trees cutting consists of site preparation and clear-
ing. No action is required on stands marked for
thinning and removal of shelter trees. The stands
cut for shelter tree position are already burdened
by the cost of thinning/clearing following the re-
moval of shelter trees.

The percentages of clearing, site preparation and
cultivation in the regeneration area used in the
calculations in the various parts of the country
were modified on the basis of the areas in 1990
(Yearbook ... 1992). The resource requirements
for disc trenching and ploughing are based on the
study published by Himdldinen and Kaila (1985);
the resource requirements for mounding on
Himiildinen’s research (1984 and 1988); resource
requirements for planting, direct seeding and clear-
ing of the planted stand on Kerinen’s and Ojala’s
studies (1992), and the resource requirements for
mechanical cleaning of sapling stands on the stud-
ies completed by Himildinen and Kaila (1990)
and Kerinen and Ojala (1992) (example in Table
6). The costs of silvicultural operations are based
on the data published in the Yearbook of Forest
Statistics (1992) (Table 6). The annual increase
in the cost of silvicultural operations was deter-
mined as 5 % for labour-intensive action, 2.5 %
for mechanized action. Similarly, the projected
increase in productivity was 0.5 % in labour-in-
tensive and 1 % in mechanized work.

Table 6. An example of resource requirements and cost of silvicultural work chains, which are applied in
optimum calculations. See the origin of numbers in chapter 4.2.5’s text. Numbers of this example belong to

the area East-Finland.

Stand type / Percentage of Productivity, Unit cost, Hourly cost,
Silvicultural operation total cutting area ha/h FIM/ha FIM/ha
Clear-cut stands

Clearing the stand 90 0.31 349 103
Disk trenching 70 0.52 736 383
Mounding 10 0.14 1352 189
Plowing 20 0.55 830 456
Planting 80 0.08 1690 135
Direct seeding 20 0.13 707 92
Clearing of planted stand, 2 two times/rotation 60 0.07 1512 106
Clearing of planted stand, once in rotation 40 0.16 756 121
Seed tree and shelter-wood cut stands

Disc trenching 30 0.50 736 368
Clearing of planted stand, once in rotation 100 0.16 756 121
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5 Resource Requirements for Optimum Scenarios
with Various Optional Courses of Development

5.1 Future Trends in Procurement

In the optimum scenarios, future stand types will
be selected with a view to low-cost harvesting
systems and associated timber assortment distri-
butions. In the 1990 concept, the minimum area
limits for each type stand were 80 % of the
actual area of the logging sites. The model se-
lected so much pulpwood from first thinnings
that limits had to be imposed on their maximum
area. As a result, the characteristics of future
stands were modified and the timber assortment
distribution of stems were relaxed with regard to
pulpwood. According to the optimum scenarios,
the total area of first thinnings will decline up to
year 2000 and then disappear completely (Fig.
19). The area of thinnings other than first thin-
nings will increase beginning in 1990 according
to scenarios where procurement volumes will
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grow from 1990. At constant procurement vol-
umes, the area of thinnings will decline in the
future. According to shadow prices, the total
cost of additional volumes felled in first thin-
nings are 5 to 10 % higher than the average
procurement costs in the optimum scenario. Such
additional costs will drop to 2 to 3 % by 2010.
From 1990 to 2000, the combined area of clear
cuttings will grow and increasingly concentrate
on stands containing small stems. The areas of
cuttings associated with natural regeneration are
smaller than today only in concepts that optimize
procurement. In the optimum scenarios that take
into account compulsory silvicultural operations
after felling, the areas of cuttings for seed and
shelter tree positions and removal of seed and
shelter trees will be far greater than today (Fig.
19). Naturally, clear-cutting areas would remain
low in these options. According to shadow prices,
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Fig. 19. Yearly cutting arcas by stand types according to optimum calculations in
different scenarios. Numbers describe names of scenario (see also table 3): 1
Silvicultural-optimum, 2 Procurement-optimum, 3 Low costs, 4 High costs, 5 High
machine costs, 6 Small procurement, 7 Large procurement.
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Fig. 20. Development scenario of stand type’s volume
shares. Values for 1990 from procurement-opti-
mum and for 2000 and 2010 from silvicultural-
optimum.

the total costs of additional volumes obtained from
the removal of seed and shelter trees will be 8 to
22 % higher in 2000 than those suggested by the
optimum scenario. In 2010, such additional costs
will only be 5 to 13 %. The optimum scenario
could be improved by increased cutting of seed
trees but this activity must be limited for biolog-
ical reasons.

Variations in costs will only have a limited ef-
fect on the distribution of cutting areas (Fig. 19).
Growth in the procurement volume clearly affects
the area distribution, but the greatest impact is
caused by the inclusion of silvicultural operations.
The effects become more pronounced the further
we go into the future.

The percentage of wood derived from first thin-
nings will decline (Fig. 20). Clear cutting will be
the most important source of timber during the
entire period under review. Wood procured from
thinnings other than first thinnings will increase
in volume. Timber to be obtained from cuttings
for seed and shelter tree positions will vary a great
deal in the future.

Mechanized harvesting will increase at all com-
puted procurement volumes in all cost scenarios
(Figs. 21 and 25, Appendix 4). Price development
in the basic mechanized harvesting concept is more
favourable than that in labour-intensive harvest-
ing, but mechanization will also be greatly pro-
moted by lower planning and work supervision
needs. According to optimum scenarios, mecha-
nized felling will be carried out solely by medi-
um-size one-grip harvesters. The small-size har-
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Fig. 21. Development of harvesting mechanization
and private woodlot-owners own harvesting in
silvicultural-optimum scenario.

Share of long-distance transport method, % volumes at mill
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Fig. 22. Development scenario of long distance trans-
port method’s volume shares. Shares show vol-
umes transported to mill. Values for 1990 from
procurement-optimum and for 2000 and 2010 from
silvicultural-optimum.

vester and two-grip harvester do not figure in any
scenario. Fig. 21 compares the 1990 harvesting
optimum with subsequent silvicultural optimums
because the harvesting optimum primarily reflects
the actual situation in 1990. Relatively speaking,
work performed by a logger, which hardly fitted
into the optimum scenario, is most economical in
thinnings and in removal of seed trees. According
to the shadow price analysis, replacing a medi-
um-sized forwarder with a light forwarder will
make up for the additional cost of 10 to 15 %.
Semi-professional forest owners own harvest-
ing work is economical in first and other thin-
nings, the main reason being the low cost of work
supervision. In all the other types of stand, small-
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Fig. 23. Number of annual working hours for one-grip
harvester in different scenarios. For explanation
of the scenarios, see Table 3.

scale forest owners harvesting is very expensive.
All the one-grip harvester sequences used in the
optimum scenarios for 2000 and 2010 are based
on all-round contracting. This clearly reflects the
importance of work supervision costs because all-
round contracting is the system where the need
for supervision is lowest.

The role of truck haulage will continue to in-
crease (Fig. 22). Transportation by rail will come
to end by 2010 unless the current price trends
change radically from the assumptions used for
the calculations. Floating is slowly increasing.
When the floating figures for 1990 are examined,
it should be borne in mind that log driving in La-
pland was not included. Fig. 22 compares the 1990
harvesting optimum with subsequent silvicultur-
al optimums because the harvesting optimum pri-
marily reflects the actual situation.

According to a shadow price analysis, the cost
of additional volumes transported by floating are
10 to 15 % higher than the average procurement
costs in the optimum scenario. Additional vol-
umes transported by rail are 3 to 5 % more expen-
sive.

5.2 Working Hours in the Various Sce-
narios

At the greatest procurement volume, work per-
formed by harvesters will nearly triple from 1990
to 2010 (Fig. 23, Appendix 4). In the optimum
scenarios for both harvesting and silvicultural

Annual number of working hours, 1000 h
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Fig. 24. Number of annual working hours for for-
warder in different scenarios.

operations, the number of harvester-hours dou-
bled from 2000 hours to 4000 hours over a peri-
od of twenty years. If all costs increase 20 % less
than assumed in the basic scenario, or if the
increase in the price of machine-work exceeds
the basic level by 20 % while the cost of work
performed by the logger follows the general cost
increase, the percentage of machine input will
not increase after 2000. Instead, it will be re-
placed with small-scale felling carried out by
private forest owners. Variations of 20 % in
costs will have less effect on the amount of ma-
chine work than 15 % variations in the volumes
felled. In 2010, the mixed scenario and low-cost
scenario are clearly distinguished by the decline
in mechanized harvesting to a level correspond-
ing to a 15 % lower felled volume. Harvester
inputs according to the harvesting optimum and
silvicultural optimum are nearly identical, the
silvicultural optimum being 4 % lower.

Work performed by forwarders will generally
decrease over the next 20 years (Fig. 24, appen-
dix 4). This will be due to improved working con-
ditions. Working behind a harvester is more ef-
fective than behind a logger. First thinnings will
come to an end. By 2010, the need for forwarders
will decline by 20 % assuming that felled vol-
umes remain unchanged. If the felled volume in-
creases by 15 %, the amount of work will stay at
the current level. Variations in costs will have lit-
tle effect on the amount of work. The silvicultural
optimum gives forwarders slightly more work than
a pure harvesting optimum.
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Fig. 25. Number of annual working hours for loggers
in cutting work in different scenarios.

As a result of the increase in mechanized fell-
ing, the amount of work performed by loggers
and forepersons has decreased (Figs. 25 and 26,
Appendix 4). Work carried out by loggers only
consists of logging. In the calculations, the work
performed in summer is limited to 80 % of the
input in winter because in summer they are as-
sumed to be involved in silvicultural operations.

Cutting carried out by loggers will not be com-
petitive on the average stands in 2010 studied here
(Fig. 25). According to the optimum harvesting
scenario for basic cost trends, loggers will not even
be competitive in 2000 at current felled volumes,
or in the event that the high-cost option material-
izes. If the costs increase sharply or mainly for
machines, demand for loggers will decline to a
tenth of present demand. According to the opti-
mum silvicultural scenario, slightly more than one
million man-hours of competitively sound log-
ging work will be available in 2000.

The input by forepersons necessary for opera-
tions related to cutting will decline to less than
half by 2000 and further to a third by 2010 (Fig.
26). Employment is best secured by the optimum
silvicultural scenario. A slow growth in the cost
of labour or a relatively rapid rise in the price of
machine work will increase the need for work
supervision at a quicker pace than the basic costs.
Changes in felled volumes will have little effect
on the amount of work available to foreperson.
This decline will be due to new methods of scal-
ing and the reduced need for supervision as a re-
sult of increased mechanization. Of all the work
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Fig. 26. Number of annual working hours for fore-
worker’s work in stand design, scaling, payroll
accounting and work supervision in different sce-
narios.

carried out by workmen, only stand design, scal-
ing, payroll accounting and work supervision were
included in the resource calculations. Other du-
ties such as stand purchases and supervision of
long-distance haulage are included in general costs
but not in the determination of the work input.

Forest owners own small-scale haulage using
the combination of a farm tractor, hydraulic load-
er and trailer will not be competitive in the future
as compared to haulage by a forwarder, but it is
nevertheless included because some forest own-
ers will certainly continue to do it. Cutting by
private woodlot owners is competitive but the
maximum potential input calculated by Koistin-
en (1992) was assumed to establish the ceiling for
the amount of work. Work performed by forest
owners will decline below the present level (Figs.
27 and 28, Appendix 4). In the future, labour-
intensive cutting will almost solely be carried out
by active private woodlot owners. Any increase
in the price of machine work or a slow growth in
costs will increase the volume of small-scale haul-
age and slow down the decrease in logging by
2010.

The volume of small-scale cutting by woodlot
owners will decline more slowly in the optimum
scenario for silvicultural operations than in the
optimum harvesting scenario. Working methods
will develop and cutting and off-road haulage will
only be carried out by active forest producers, who
will have a higher productivity than today and
who will do forest work outside their own farms
as well.
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Fig. 27. Number of annual working hours for forest
owners in cutting work in different scenarios.
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Fig. 28. Number of annual working hours for forest
owners in off-road transport work in different sce-
narios.

Assessing the amount of work required for long-
distance haulage is extremely difficult. Haulage
by truck is the only area for which the depend-
ence of the required work inputs on ton mileage
can be calculated. For floating and transportation
by rail, ton mileage can be indicated for a given
number of personnel, but the actual ton mileage
can be lower than that by any imaginable margin.
Except for the cost of floatway maintenance un-
derwritten by the government, a cost basis for work
can be determined for floating. The government
allocates large sums to track maintenance, butalso
to road and floatway maintenance. On the rail-
ways, the transportation rates are, to a great ex-
tent, determined by factors other than direct work
cost considerations.

Atthe basic cost development trend, the number
of working hours required for haulage by truck

Annual number of working hours, 1000 h
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Fig. 29. Number of annual working hours for trucks in
different scenarios.

will remain more or less unchanged (Fig. 29, Ap-
pendix 4). The amount of work will decrease if the
quantity delivered remains the same and increase
if haulage volumes increase more than anticipated
in the basic scenario. Any fluctuations in costs will
have little, if any, effect on the amount of work
associated with haulage by truck. According to
the optimum scenario for silvicultural operations,
the haulage distances will become longer because
clear-cutting will account only for a very small
percentage of the total. As a result, the amount of
work required for truck haulage will also increase.

The amounts of work associated with silvicul-
ture were only calculated for the optimum silvi-
cultural scenario. With this type of work, the sea-
son is always shorter than one year.

5.3 Timber Procurement Costs in Various
Scenarios

The costs are subdivided into general, cutting.
off-road haulage and long-distance haulage costs.
Naturally, the increase in unit costs associated
with each individual harvesting or haulage sys-
tem is determined by the cost forecasts shown in
Table 4. Generally, the unit cost trends for each
type of work will be determined by the percent-
ages of the various working conditions. In addi-
tion, total costs are affected by the quantity de-
livered. The total cost estimates are based on
previous cost development and forecasts for pro-
ductivity increase. All the costs discussed here
are nominal costs.
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Table 7. Yearly increment of unit costs by various operation functions in
different development scenarios.
Development Increment of unit cost in wood procurement works, % per year
scenario General Cutting Off-road  Long distance Procurement
cost transport transport total
59 MHO 25 2.6 0.9 4.9 3.1
59 KO 2.5 2.5 0.7 5.0 3.1
50 Mm? 2.5 21 0.5 4.7 2.8
68 Mm?* 2.5 2.6 0.7 5.2 3.2
59 +20% 3.1 3.1 1.2 5.7 3.7
59 -20% 1.9 1.8 0.4 4.3 2.5
59 mixed 2.7 33 2.0 5.5 3.8
FIM/m® Mill. FIM/a
250 2000 1
A
— = - 50 Mm® 1800 1 — =~ 50 Mm3
200 1600 Lk
59 KO 1400 59 KO
150 68 Mm? 1200 68 Mm3
59 MHO 1000 = 59 MHO
Ta0 * —5— 59 +20% 800 —©— 59 +20%
600 o
50 —— 59-20% 400 59 -20%
—— 59 mixed 200 4 ——— 59 mixed
0 T \ 0 J
1990 2000 2010 1990 2000 2010

Fig. 30. Development of wood procurement’s unit
cost in different scenarios. For explanation of the
scenarios, see Table 3.

In the basic scenario, the increase in procure-
ment volume is 0.8 % per year, while the corre-
sponding figure in the high-cost scenario is 1.5 %
per year. According to the optimum scenario for
silviculture and harvesting, the unit costs of pro-
curement will increase by 3.1 % per year, or 2.8
% per year at a low procurement volume and 3.2
% at a high one (Fig. 30, Table 7 and Appendix
5). The greatest growth in costs is in scenarios
caused by an increase in costs at a rate that is
higher than that assumed in the basic scenario, or
by a relative increase in machine costs, high costs
and high machine costs. The increase then being
3.8 % per year. Fluctuations in procurement vol-
umes and the inclusion of silvicultural operations
as a limiting factor have little impact on future
unit costs as compared with the basic scenario.

The units costs for general costs (Table 8) will
increase at a slower pace than that suggested by
the mere forecast for unit costs for the type of
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Fig. 31. Development of wood procurement’s general
cost in different scenarios.
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Fig. 32. Development of cutting costs in different
scenarios.

work involved. The increase in the unit costs of
cutting is more or less identical to the cost trends
for mechanized cutting. The unit costs for off-
road haulage will increase far less than general
costs in this field. The unit costs for long-distance

Rummukainen, A., Alanne, H. & Mikkonen, E.

Wood Procurement in the Pressure of Change

Table 8. Yearly increment of total cost of procurement phases in different

development scenarios.

Development

Increment of wood procurement total cost, % per year

scenario General Cutting Off-road  Long distance Procurement
cost transport transport total
59 MHO 2.7 2.8 1.1 5.6 33
59 KO 29 3.0 1.1 5.5 3.6
50 Mm? 2.1 1:7 0.1 43 2.5
68 Mm* 3.6 3:7 1.8 6.5 43
59 +20% 3.5 35 1.6 6.2 4.2
59 -20% 23 2.2 0.9 4.9 29
59 mixed 3:1 3.4 2.4 6.0 4.2
Mill. FIM/a
Mill. FIM/a 16000
3000 .‘
3 14000 1 = e 3
2500 R 1T
- = - 59K0 ik - = - 59K0
2000 68 Mm? 10000 1 - 68 Mm3
1500 T TT = ) | ——somHO 8000 : e
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500 S s
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0 - N 0 v J
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Fig. 33. Development of off-road transport cost in
different scenarios.
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Fig. 34. Development of long-distance transport cost
in different scenarios.

haulage will rise more rapidly than the unit costs
predicted for the modes of transportation.

As well as the changes in unit costs, total future
costs for wood procurement are, naturally, affect-
ed by the procurement volume. Apart from off-

Fig. 35. Development of wood procurement’s total
cost in different scenarios. For explanation of the
scenarios, see Table 3.

road haulage, this makes the scenario for maxi-
mum procurement volume the most expensive
alternative in terms of total costs in all cost types
(Figs. 31, 32, 33, 34 and 35, Appendix 5). Ac-
cordingly, the costs of the scenario for the current
procurement volume are the lowest of all. The
total costs suggested by the optimum scenarios
for silviculture and harvesting are very close, the
silvicultural optimum being slightly more expen-
sive than the harvesting optimum. Of the cost
trends for the basic procurement volume, the sce-
nario for the slowest increase in costs is naturally
the cheapest.

The scenarios for the fastest increase in costs
and relative increase in machine work are equally
expensive in terms of total costs, but costs vary by
type of work. In cutting and off-road haulage, the
scenario for the relative increase in machine work
is more expensive than the alternative for the fast-
est rate of increase, the situation being reversed

o
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for general costs and long-distance haulage.

According to the basic assumptions made for
the calculations, the costs increase at a constant
rate per year, meaning that the increase will be
increasingly sharp in future.

Cost trends suggested by the basic cost scenar-
ios vary from 2.5 to 4.3 % per year according to
procurement volume and calculation basis (Table
8). Apart from the scenario for current procure-
ment volume, the increase in costs includes an
annual increase of 0.8 % or 1.5 % in the procure-
ment volume. According to the scenario for the
lowest procurement volume, the cost of off-road
haulage will not increase at all. The increase in
costs is greatest for long-distance haulage. If the
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rate of increase in all costs or only in the costs of
machine work accelerates by one fifth, the annual
growth in total costs will nearly reach the same
level as that attained when the maximum procure-
ment volume is harvested in the basic cost trend
scenario. By contrast, if the rate of increase in costs
decelerates by one fifth, the cost increase does not
drop to the level required for harvesting the cur-
rent procurement volume. More often than not,
the increase in costs suggested by the optimum
silvicultural scenario is lower than that suggested
by the harvesting optimum in spite of nearly equal
total costs. This is due to the higher initial costs
required by the optimum harvesting scenario.

6 Example of Allocation of Resources

6.1 Number of Forepersons and Loggers

The optimum scenarios yield the resources re-
quired by each working method in the three are-
as during the four seasons (Appendix 6). The
sum total of the figures for the areas and seasons
indicates the annual resource requirements for
the whole country. The working hours presented
in Chapter 5.2 can be roughly converted into the
number of personnel by dividing the total work-
ing hours by the annual input by one individual.
To qualify as a professional, a person must work
at least 200 days per year as a logger according
to the statistics of Forest Employers Associa-
tion. Assuming an eight-hour working day, a
logger then works a minimum of 1600 hours per
year. With normal working hours and annual
leaves, annual working hours amount to 1800 to
1900 hours. However, the hours may vary a great
deal for a number of reasons. Particularly with
machine operators, the working hours may vary
considerably from one season to another. Work
is also divided into long working days that are
compensated for by long weekends.

As a example, the annual working hours en-
tailed by the optimum silvicultural scenario are
converted into man-hours and machine-hours
(Appendix 6). For labour-intensive work, the re-
quired number of personnel is calculated by di-
viding the total work input, or resource require-
ment, by the working hours completed by one
individual. When planning harvesting operations,
supervising work, scaling and making payroll
calculations, a foreperson was assumed to work
8.5 to 10 hours per day, inclusive of travel times,
depending on the season. Fluctuations in the de-
mand for labour was compensated for by regulat-
ing the number of daily working hours. The total
working hours are 10.5 months, 21 days per month.

Forepersons have other duties as well that were
not taken into account in the calculations. In sum-
mer, a major input by foreperson is required for

silvicultural operations. The following figures
provide examples of the required number of per-
sonnel for slow and busy seasons. In 1990, 20 %
more forepersons are needed during the two win-
ter seasons than during the two summer seasons
(Fig. 36). In 2000, there will be one low season,
whereas in 2010 the need for forepersons remains
the same throughout the year.

In the example, a logger works 6.6 to 7.7 hours
per day (Pajuoja 1986). Total working hours are
equivalent to 11 months per year and 21 days per
month. In 1990, the number of loggers needed for
felling operations was 10 000 in the winter, 1800
in the spring, 4600 in the summer and 7700 in the
autumn (Fig. 37). In the model, the amount of
work in summer was restricted to 20 % of that in
the winter to allow the workers to be active in
silvicultural work. In 2000, the number of loggers
required for cutting work will be 1100 in the au-
tumn and winter season, 200 in the spring season
and 600 in the summer season. The amount of
work available in summer is restricted as much as
in the 1990 scenario.

Number of foremen
1200 4

1000

800

—*— Low season
600

—©— High season

400

200

0 T J
1990 2000 2010

Fig. 36. An example of division of forepersons (stand
design, work supervision, scaling and payroll ac-
counting) total annual worktime into number of
workers in silvicultural-optimum. Description of
the basis of calculation and low and high season
in text.
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Fig. 37. An example of division of loggers (cutting
work) total annual worktime into number of work-
ers in silvicultural-optimum. Description of the
basis of calculation and low and high season in
text.

For biological reasons, silvicultural work can
be carried out only at certain times of the year. In
the calculation example, the number of daily
working hours was assumed to be 6 for planting,
sowing, sapling stand cleaning and clearing of

regeneration areas. The length of the season is

two 23-day months for planting, one 23-day month
for sowing, three 22-day months for sapling stand
cleaning and thinning and four 21-day months for
the clearing of regeneration areas. The number of
people involved in sowing and planting will have
declined by one fifth by the end of the season.

6.2 Number of Private Woodlot Owners
Engaged in Small-Scale Harvesting

The number of private woodlot owners involved
in small-scale harvesting is determined by the
volume of timber felled and transported by a
single forest owner per year. In the example, the
annual input by one forest owner involved in
cutting was assumed to be 200 m?, which he is
capable of felling when working 5 hours per day
for 50 days at a rate of 4 m* per day. The felled
volume is one third higher than the size with
contract sale in the study published by Koistinen
(1991). According to the survey conducted by
Uotila and Toivanen (1992), the average volume
of a contract sale varies from 70 to 145 m? accord-
ing to the cutting method. In the same study, the
volume of sales at delivered price carried out by
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Fig. 38. An example of divison of loggers (silvicultur-
al works) total annual work-time into number of
workers in silvicultural-optimum. The season
length (months / year) of each work operation is
given in the figure.

outside personnel varied from 205 to 720 m?. The
mean volume that is slightly higher than the aver-
age stand size suggested by the said studies and
tax-free sales was arrived at mainly because the
1990 calculation takes no account of the role
played by an active forest farmer, who carries out
cutting operations outside his own farm as well.
Moreover, a forest owner can conclude several
deals during the same year. All in all, around
100 000 forest owners are involved in forest work
at one time or another. In 1990, the number of
forest owners who were actively involved in fell-
ing was 32 000 according to the statistics of For-
est Centre Tapio given by Mr. Ilppo Greis. This
number fits well the experience that one farmer is
selling wood on about every second or third year.

The calculation example for 2000 and 2010
included the cutting methods employed by an
active forest farm owner, where the farmer is as-
sumed to carry out all the felling operations on his
own farm and work for hire as well. His productivi-
ty was assumed to be 80 % of that of a profession-
al logger, which is higher than in small-scale cut-
ting carried out by private woodlot owners de-
scribed above. On the basis of the work inputs
evaluated by Koistinen (1992), the volume felled
by one active forest farm owner was estimated to
be 350 m3 per year. According to the calculation,
the farmer is expected to cut 7 m? per day for 50
days during a working day of six hours. Small-
scale private cutting was not included in the opti-
mum scenarios for 2000 and 2010.
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Fig. 39. Example of division of forest owners (cutting
and off-road transport work) total annual work-
time into number of workers in silvicultural-opti-
mum. Yearly work amounts and other basis de-
scriptions of the calculation are described in text.

The volume transported by a private woodlot
owner using a farm tractor equipped with a hy-
draulic skidding grapple was assumed to be 200
m? per year. This alternative was not included in
the optimum scenario at any point. An active for-
est farmer working with a hydraulic loader and
trailer is compelled to seek work outside his own
farms because otherwise the capital costs of the
equipment become too high. On the basis of the
work inputs estimated by Koistinen (1992) the
volume transported by one forest farmer was as-
sumed to be 800 m?, the work being carried out in
32 days at a rate of 5 m® per hour, 5 hours per day.
The number of forest owners involved during one
year in felling will decrease more rapidly than the
number of those involved in haulage (Fig. 39).

6.3 Number of Machines and Timber
Trucks and Their Drivers
6.3.1 Estimates of the Effects of Daily
Working Hours on Productivity

It is not possible to determine the number of
one-grip harvester and forwarder operators by
dividing the volume of work by the annual input
by an individual operator because the same ma-
chine can be operated by several people during
one day. This makes sense from the point of
view of reducing capital costs. Therefore the
number of machine must be calculated independ-
ently of operators with due regard to reasonable

operator hours. For example, if a machine is
found to operate 12 hours per day, it cannot be
assumed that one operator uses it for 8 hours and
another operator for 4 hours.

The numbers of operators and machines were
computed from the figures for required total re-
sources (Appendix 6) so that the number of ma-
chines varies as little as possible from one season
to another. The operators’ working hours were
adapted so that the length of the working day
during any one season remains within the varia-
tion range of normal working hours. For these
reasons, equalization of the number of machines
and, particularly, the number of operators is ef-
fected between seasons; in other words, some
workers can be working actively for only part of
the year. The same applies to labour-intensive
work as well.

Costs determined by time, such as wages and
repayments on loans, are easy to calculate. When
daily working hours exceed 8, operators must be
paid extra for overtime and double shift. At the
same time, any bonuses for dirty work and instal-
lation work at low temperatures increase as well.
The current trend is that whenever operators are
required to work more than one shift a day, extra
will have to be paid for travel or accommodation
on the site. As a result, the interest expenditure on
the capital tied up in the machines decreases per
effective working hour because the period of cal-
endar time for repayment is shortened. On the other
hand, the cost of repayments on the principal
linked to calendar time increase because the prin-
cipal must be repaid more quickly. Usually, gen-
eral costs per hour decline because the adminis-
trative organization (often the contractor himself)
is, with a little extra effort, able to handle the work
required by several shifts.

No research data is available on any decline in
productivity or increased need for repair and
maintenance in relation to the number of day-light
hours. Operator productivity decreases as a result
of fatigue and long hours in the dark. The number
of service and repair operations and their cost per
hour are probably higher than in one-shift opera-
tion.

The effect of the number of daily working hours
on the cost of work when using a one-grip har-
vester, forwarder and timber truck was calculated
in accordance with the principles suggested by
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Fig. 40. Dependence of the gross effective time pro-
ductivity of one-grip harvester on the length of
work-day. Description of the basis of calculation
in text.

Jaakkola (1992) and Mr Markku Maukonen and
Mr Harri Rumpunen, using the cost calculation
program devised by Alanne and Rummukainen
(1991) (example given in Appendix 7) by varying
the number of daily working hours while the
number of working days remained unchanged.
From this it follows that the number of daily work-
ing hours determines the annual working hours
according to the technical utilization rate. The
product of output per effective hour and number
of operating hours gives the annual machine out-
put.

The dependence of output per operating hour
on the number of daily working hours was esti-
mated for a one-grip harvester, forwarder and tim-
ber truck (one-grip harvester in Fig. 40), and this
value and operating time was then used for com-
puting the dependence of output per operating hour
on annual operating hours. Finally, this figure and
the output per operating hour was used for com-
puting the annual output by the machine (one-
grip harvester in Fig. 41). In the calculations, the
number of daily working hours in one shift varies
from 8 to 14 and in two shifts from 14 to 19 hours,
meaning that the number of working hours of in-
dividual employees varies from 7 to 14 hours.

The dependence of the productivity of a multi-
function machine on the number of daily working
hours was evaluated on the basis of the work study
by Kuitto (1992) for determining piece rate. The
productivity of work carried out by a one-grip
harvester declines with the increasing number of
hours as the operator gets tired. In winter, long
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Fig. 41. Dependence of the annual output of one-grip
harvester on the length of work-day calculated on
the basis of figure 40 and mechanical availability.
Description of the basis of calculation in text.

working hours bring in its train the effects of dark-
ness, snow and increasing need for thinning that
slow down work. If daily hours exceed 14, work
is carried out in two shifts, which increases pro-
ductivity as a fresh operator takes over. Because
of darkness and other limiting factors, productiv-
ity falls slightly short of the performance in one-
shift operation. With longer working hours, the
decline in productivity become sharper. The de-
pendence of annual output on the number of work-
ing hours is computed directly by means of the
technical utilization rate. With the calculation
bases used here, the introduction of a second shift
improves annual output considerably. An exten-
sion of both shifts begins to affect output nega-
tively after 3000 hours.

With one-grip harvesters, fatigue and weather
conditions have a greater impact on productivity
that with forwarders which travel along an exist-
ing striproad picking up complete bunches. In
Kuitto’s study (1992) on piece rates, the decline
in forwarder productivity with time was estimat-
ed to be less sharp than for a loader harvester.
However, the introduction of a second shift in-
creases annual output. The dependence of the pro-
ductivity of silvicultural machines, mainly scari-
fying machines, on the number of working hours
was assumed to be similar to that of forwarders.

The dependence of the productivity of timber
haulage by truck on the number of working hours
was estimated with the aid of Mr Pekka Mikin-
en’s, (Sc.D.(Agr.For.), senior researcher in Finn-
ish Forest Research Institute), unpublished data
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Fig. 42. An estimate how cutting costs by one-grip
harvester depend on the length of work-day. De-
scription of the basis of calculation in text.

on the competitiveness of fleet operators and Mr
Markku Maukonen’s rate calculation basis. In the
case of haulage by truck, the conditions are even
more stabilized than in haulage by forwarders,
and so the decline in productivity with the increas-
ing number of working hours was assumed to be
fairly low. The average haulage distance used in
the calculations was 80 km. With trucks, the haul-
age of one load takes several hours so that the
length of the day is preferably selected by consid-
ering how may round-trips can rationally be made.
Also, daily working hours are affected by the time-
tables for mill yard operations observed by the
mills. The technical utilization rate is higher for a
vehicle combination than for tractors. With these
calculation bases, annual output increases in a
fairly straight line with increasing working hours.

6.3.2 Estimates of the Effects of Daily
Working Hours on Unit Costs

The effect of the length of the working day on
productivity was merged with calculations on
the effects of the length of the day on the cost of
operations produced by Alanne’s and Rummu-
kainen’s (1991) computer application (Figs. 40,
41 and 42). At first, the cost per time unit de-
clines slowly with the increase in the length of
the day. As the operator tires, productivity de-
creases. Then the costs start increasing at an ever
accelerating rate. The increase is sharpest with
one-grip harvesters (Fig. 42). At the beginning
of two-shift work, the unit costs decline because
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Fig. 43. An estimate how off-road transport costs by
forwarder depend on the length of work-day. De-
scription of the basis of calculation in text.
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Fig. 44. An estimate how long-distance transport costs
by truck depend on the length of work-day. De-
scription of the basis of calculation in text.

productivity increases owing to a fresh operator.
When a two-shift working gets longer, the costs
begin to rise again. With forwarders and haulage
by truck the increase is moderate (Figs. 43 and
44). At these input values, the best result for
haulage by truck is given by the longest day.
With a one-grip harvester, the difference in cost
between the least expensive and most expensive
length of working day is 25 %. The correspond-
ing figure for forwarders is almost 15 %, 10 %
for haulage by truck. The introduction of a sec-
ond shift decreases capital costs most for loader
harvesters and tractors. For truck transportation,
the decrease in costs is fairly small. If productiv-
ity and cost vary as assumed in the calculations,
the choice of the correct length of working day is
of great importance to costs.
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Fig. 45. An example of division of silvicultural-opti-
mum’s total annual worktime into number of one-
grip harvesters and operators. Description of the
basis of calculation and low and high season in
text.

6.3.3 Number of Machines and Operators

In the calculation example, the annual input is
divided into machine-hours and man-hours by
adjusting the number and working hours of the
operators so that the number of machines re-
mains as constant as possible throughout the
year. The operators’ working time is very simi-
lar to normal daily working hours with a narrow
margin for overtime. Another factor that deter-
mines the operators’ working hours and, subse-
quently, their number is costs that vary accord-
ing to the length of the working day. Working
hours must be selected so that the unit costs that
depend on the length of working day are low
(Figs. 42, 43 and 44). The cost-dependence of
forwarders was applied to scarifying machines a
well.

According to the calculation example prepared
on the basis of the optimum silvicultural scenar-
io, the number of one-grip harvesters will increase
at a fairly uniform rate from 900 to 1300 by the
year 2010 (Fig. 45). The number of operators will
increase more quickly, reaching up to 2600 in
2010. The 1990 example included only individu-
al loader harvesters where later all the machines
were part of an all-round contracting system work-
ing in collaboration with forwarders. In the 1990
example, the harvesters operate for one season in
two shifts 16 hours a day. During other seasons,
the length of the working day varies from 9 to 11
hours. In 2000, the one-grip harvester will oper-
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Fig. 46. An example of division of silvicultural-opti-
mum’s total annual work-time into number of for-
warders and operators. Description of the basis of
calculation and low and high season in text.

ate three seasons working 14 hours a day in two
shifts and one season working 10.5 hours a day in
one shift. In 2010 work will be carried out in two
shifts during all seasons. By 2010 all the harvest-
er operators can be permanently employed year-
round.

The number of forwarders will decrease in the
future (Fig. 46). The number of operators will
decline much more slowly than that of the ma-
chines. In the 1990 calculation example, individ-
ual forwarders worked 16 hours a day in two shifts
during one season. During the three other sea-
sons, the machines work long hours from 10.2 to
11 hours in one shift. In 2000 both the individual
forwarders and forwarders operating as part of a
all-round contracting system will operate in two
shifts doing 14 to 16 hours per day for three sea-
sons and 11 hours per day in one shift for one
season. The number of independent forwarders
will be less than a third of the total.

Forwarders will be involved in all-round con-
tracting work in two shifts around the year doing
16 to 17 hours per day. Similarly, independent
forwarders will also operate in two shifts, although
the length of the day will be shorter, namely 13
hours during three seasons and 19 hours during
one season. By 2010 the number of independent
forwarders will decline to fewer than one fifth of
all forwarders, which will drop to 1300 from the
2200 in 1990.

According to the calculation example, the
number of vehicle combinations will decline from
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Fig. 47. An example of division of silvicultural-opti-
mum’s total annual work-time into number of ar-
ticulated trucks and operators. Description of the
basis of calculation and low and high season in
text.

3000 in 1990 to 2200in 2010 (Fig. 47). However,
demand for drivers will even increase during the
same period. In 1990, the vehicles operated 10
hours a day in one shift for three seasons and 14
hours a day in two shifts for one season. In 2000
the trucks will operate in two shifts round the year,
the length of the day being 15 to 18 hours accord-
ing to season. By 2010 the number of vehicles
and drivers will grow. Work will be carried out in
two shifts all the time for 14 to 17 hours per day.

The need for scarifying machines varies con-
siderably in the calculation example. This is due
to the changes in the relative percentages of the
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Fig. 48. An example of division of silvicultural-opti-
mum'’s total annual work-time into number of scar-
ifiers and operators. Description of the basis of
calculation and the length of season in text.

various harvesting methods. The working seasons
for all machines is 4 months per year. Harrows
and mounding machines operate 15 hours per day
in two shifts and ploughs 10 hours a day in one
shift. In 1990, harrows will account for two-thirds
of all site preparation machines, mounding ma-
chines for one third, the rest being ploughs. By
2000, the number of harrows and mounding ma-
chines will decrease and that of ploughs increase.
Ploughs will be replaced by some other site prep-
aration method. By 2010, the number of ploughs
will decline to almost zero while the number of
mounding machines will increase sharply.
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7 Discussion of the Results

7.1 Validity of the Model

The soundness of a study refers to all the factors
that contribute to the final results. Here, the ques-
tion is whether future trends will materialize as
predicted. This section will deal with the techni-
cal aspects. The following section (7.2) will dis-
cuss the bases and significance of the trends and
selections associated with the forecasts. The va-
lidity of the model means how well it reflects
reality. Here, the question is whether the authors
have selected the correct procurement methods,
described their operations correctly and whether
the data on working conditions that affect per-
formance are correct and whether a linear model
is suitable for selecting the right combination of
measures.

Methods, conditions and their combinations
associated with timber procurement are in prac-
tice innumerable. Therefore an attempt has been
made to create a model for each work operation,
inclusive of the dependencies that have the great-
est impact on the final result. For the purposes of
the present study, it did not make sense to inves-
tigate the productivity and cost dependencies of
the working methods separately, and so the stud-
ies used as basis for drawing up the model vary in
terms of age, quality and scope. In many cases, it
was necessary to combine the results of several
studies. Results presented in the form of diagrams
and tables have usually to be converted into a
mathematical form. Where possible, the validity
of the mathematical models has been proven by
statistical parameters. Often, the dependence be-
tween the model and some variable in the basic
data has been illustrated by means of curves (e.g.
Equations 14, 15, and Fig. 7).

The highest number of studies was available
for the description of cutting and off-road haul-
age. Unfortunately, many of the work-difficulty
factors in the sources were only given as mean
percentages that either increase or decrease the
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total. In addition, the mathematical models are
not general models based on the various work
operations which could be used for predicting new
conditions by simply modifying the factors. The
productivity models for chainsaw cutting had to
be computed indirectly using wage tables. This
approach may include errors because wages are
not paid for individual work operations on the
basis of the time required for their performance or
the difficulty of the work, but on the basis of the
collective agreement. Also, the sources used for
compiling data on the methods of scaling and work
supervision were numerous and possibly outdat-
ed. The dependence of work on the amount of
work performed is not as clear as in cutting and
haulage. No productivity models could be pre-
pared for floating and transportation by rail. In-
stead, the authors had to resort to existing cost
models that do not necessarily convey any infor-
mation on factors that have an essential effect on
productivity or costs. A number of activities had
to be described by a single value. They included
general administrative costs and the productivity
of timber reception at the mills.

For the description of working conditions, the
country was divided into three areas in order to
achieve a degree of variation. The differences in
the values between the areas are 30 to 50 %. Mi-
nor variations in conditions between most areas
could not have been established reliably. Prob-
lems were encountered when trying to define the
characteristics of various stand types. Data on
stand size specified according to the method of
cutting is only available from Scaling of standing
trees -statistics (Lassheikki 1989) which are mis-
leading, particularly with regard to thinnings. The
data provided in Scaling of standing trees -statis-
tics on the structure of the growing stock was ar-
bitrarily modified by the authors to a fairly great
extent. Future growing stock was analyzed by Mr
Mauno Pesonen. The fact that only six stand types
were included in the study simplified the condi-
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tions to such an extent that the working methods
required for special conditions were left out. For
example, clear-cutting stands featuring large stems
suitable for two-grip harvesters and small-scale
thinnings jobs for loggers should be found in
Southern Finland where these cutting methods are
more favourable than those suggested by the op-
timum scenarios. Aside from the exclusion of
special conditions, the potential for error is even
greater in the stem size distribution on the stands
because the stem size affects productivity consid-
erably in all cutting methods. The impact on pro-
ductivity is greatest with stem sizes of less than
300 dm?.

Alanne (1993) tested the validity of most im-
portant productivity and stand type models with
target optimisation (chapter 3.4). It showed that
the main parts of model follow quite accurately
real life’s monthly fluctuations. This validation
emphasizes the correctness of input data. Stand
type distribution, harvested volumes per stand
type, productivity of harvesting method and dis-
tribution of harvesting methods used on different
stand types are especially critical input parame-
ters in the model. The validation of total model is
not possible because appropriate real life statistic
does not exist.

The factors affecting the competition in the pro-
curement areas and the form of the areas were all
selected by the authors. However, distortions in
the proportions of the various timber assortments
with regard to individual processing points are
uniformly distributed between all the 20 points.
Breakdown of stems into timber assortments on
one hand and the prediction of their future use at
various mills on the other is complicated, involv-
ing questions such as the consumption of spruce
logs for pulp production, etc. Consumption plays
a role in determining what type of stand cutting
will be focused on because the aim is to avoid
species that are not required.

A linear model is fairly reliable in predicting
timber procurement as a whole because the whole
is assumed to be a sum total of its component
parts. Where necessary, non-lincarities of conven-
tional form can be rectified by mathematical con-
versions which will then be reconverted to a non-
linear form when the results are interpreted. By
contrast, the logical non-continuity of a factor
poses problems for the conventional formulation

of the linear model that must be resolved arbitrar-
ily. In its basic form, the linear model yields dec-
imal values that must be rounded up to the nearest
integer if the decimal value is of no actual rele-
vance in practice. In this study, the problem was
by-passed by selecting working hours as the var-
iable, the result then being converted into inte-
gers, for example by using annual working hours.
As such, the results yielded by the LP model do
not contain probabilities for the various alterna-
tives but are deterministic.

Numerical validity refers to correct calculation.
In a study containing thousands of calculations, it
is not possible to repeat them all in order to verify
their validity, meaning the errors due to human
factors may be involved. The errors found in the
course of calculations were usually detected as a
result of the illogical behaviour of the results.
Many sub-models had to be extrapolated beyond
the input data, and so there is reason to assume
that the extrapolation is broadly indicative but
individual values may be erroneous. The individ-
ual calculated values can include errors but the
overall trends and orders of magnitude appear
correct from a logical point of view.

7.2 Reliability of the Results

The main result provided by this study was the
relations between the working methods calculat-
ed on the basis of operating hours. The cost
figures, computed as nominal values, should be
understood as indicators for relations. Individual
values cannot be regarded as reliable even in the
near future. The relations between cost curves
remain more stable than individual costs. Esti-
mates of the numbers of personnel and machines
are mainly indicative because the working hours
of machines and operators can easily be varied
and very much even within one year. The com-
parison of long-distance haulage systems was
analyzed on a much shakier basis than cutting
and off-road haulage because very little data is
available on the cost and productivity dependen-
cies of the former. Silvicultural work is included
only in order to support the selection of harvest-
ing methods and therefore the forecasts for costs
and volumes of work in silviculture are only
indicative.
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The cost of work when employing the various
methods was selected as the point of reference for
this study. Therefore the results can be easily used
for a neutral evaluation of the methods because
the most important government subsidies for in-
dividual methods that obscure the differences in
costs were left out. Particularly in the case of pri-
vate woodlot owners, the actual choice made in
reality may lead to action that departs from the
results suggested by this study for reasons such as
tax reliefs, differences in the valuation of capital
costs or unrealistic wage claims. Probably, it
makes sense for the forest owner to work more
than indicated by the cost comparison. It may be
profitable for companies to hire forest owners to
carry out highly priced work if government sub-
sidies are available or if the forest owner is will-
ing to compromise over his own income.

Although the calculations presented in this study
are not based on a income forecast for a forest
farm, which is very difficult to predict for tax rea-
sons and other such factors, the results agree with
the predictions made by Koistinen (1992) con-
cerning the work input by forest owners involved
in forest work. These calculations are based on
the forecasts for the number of farms and forest
owners willing to engage in such work. Work
performed by forest owners figured in nearly all
optimum scenarios up to the allowed maximum
in the linear model.

The technological development in machines
seems to have reached a point of maturity, where
changes mainly consist of fine-tuning. The sig-
nificant foreseeable modifications are related to
the improvement of transmission and loader con-
trol systems. Scaling, data transmission and auto-
mation is also undergoing rapid development.
Introduction of completely new types of machines
will not be feasible until towards the end of the
forecast period because the existing machines have
a useful service life of 5 to 10 years. Developing
new machines to the point that they are operation-
al takes easily 5 to 15 years, as e.g. the experience
with one-grip harvesters has shown. With one-
grip harvester, an important new technology is
mass processing in felling and cutting. Experi-
ence indicates that it is most economical on stands
with small-sized stems marked for thinning. Time
expenditure on small stems will be reduced by 10
to 40 % but the overall gain will be less than that
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because mass processing is not suitable for all
stems (Brunberg 1989 and Lilleberg 1991). The
benefits offered by mass processing can be
eclipsed by the productivity increases taken into
account in the calculations.

The benefits of technological advance are mod-
ified by the fact that, with increasing mechaniza-
tion, the machines will have to operate in less fa-
vourable conditions. The structure of forests
changes only slowly. With the normal felling cy-
cle, the same site is visited every 20 to 40 years.
Extension of the thinning intervals increases the
volume of timber removed at any one time but
reduces stem size. Growth in productivity is
slowed down by the demands for improved qual-
ity of work and conservation. As far as southern
Finland is concerned, an additional factor is ac-
tion against butt rot, other fungi and pesticides
which does not necessarily slow down work but
increases costs (Kerdnen 1992 and Korpilahti
1991). Increasing natural regeneration and pres-
ervation of various protection zones will reduce
the volumes of timber harvested from stands per
unit of area, with a consequent adverse effect on
productivity (Galland & Pitild 1993). Potential
benefits offered by technological advance seem
to be tempered by new demands for quality work.

Introduction of methods other than the timber
assortment method was not taken into account in
the calculations because they will not be compet-
itive unless major changes take place in price ra-
tios, which is not in view. Increased use of wood
for energy production may bring about new har-
vesting methods. This will entail changes in ener-
gy prices or government subsidies (Hakkila 1992),
which are possible during the forecast period.

Measures related to work organization, ad-
ministration and the closing of deals will become
simpler. Many work methods will disappear be-
cause of the high general cost associated with
them. As the results indicate, all-round contract-
ing based on joint management of the cutting and
off-road haulage machines is superior to all other
systems in terms of economy. Small-scale felling
performed by private woodlot owners is more
economical than work carried out by loggers hired
by the procurement company. The effects of all-
round contracting with regard to long-distance
haulage are not evident in this study. Similarly,
the types of purchases were not investigated here.
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The long distance hauling will be intensified be-
cause companies are developing map based stra-
tegical planning and tactical leading systems. It
means also more combinatorial transports: truck
— train, truck — ship etc.

Significant factors that are undergoing rapid
transformation are changes in decision-making in
society affecting taxation, business practices, for-
est ownership, economic recession and boom,
price of oil, mechanisms for determining the price
of timber, government subsidies, road service li-
cences, maximum vehicle weights, conservation
zones and social security taxes on labour. These
are examples of elements that are extremely dif-
ficult to predict. Future trends in railway trans-
portation rates is a good example of external in-
fluence. A forecast based on current rates and their
predicted trends foresees a decline in volumes
transported by rail. However, since timber and
wood products are the most important cargo for
the Finnish State Railways, the rate will most prob-
ably be reduced to secure further traffic. At the
same time, European integration creates pressures
towards reducing the maximum weights of vehi-
cles. In addition, emissions and speed limits and
pollution taxes may be imposed on road traffic,
which will probably increase the cost of haulage
and move haulage’s to rails or ships.

Silvicultural work was included in only one
optimum scenario, and even then in terms of its
restraining effect on the stand type. A series of
silvicultural measures very similar to current prac-
tice was defined for each stand type. The relative
percentages of these operations were not adjusted
in respect of time. However, changes in the rela-
tive percentages of the various cutting methods
affected silvicultural work to such an extent that
fellings aimed at natural regeneration were includ-
ed. Unlike cutting and haulage, silvicultural work
provides the possibility of the introduction of new
types of machines. For the time being, the com-
petitiveness of the machines used for planting and
clearing of sapling stands, as compared to human
labour, is poor (Kiiridinen et al. 1992 and Rum-
mukainen 1993). The forecast for the amount of
silvicultural work is also uncertain because the
values relating to the need for silvicultural works
can change. Silvicultural work may be neglected
orits frequency and intensity modified for finan-
cial reasons. The use of fertilizers and pesticides

on conventional sites will decrease but may also
increase in the form of restorative fertilization.
The number of workers predicted in the forecast
can be regarded as a maximum number.

From the point of view of timber procurement,
the forestry industry is in a position to face the
challenges presented by the future. Domestic tim-
ber is available in sufficient quantity to allow
expansion of operations by the industry, with the
possible exception of certain individual timber
species. Results show that it is economical to in-
crease cuttings on later thinnings, clear cuttings
and seed tree- and shelter wood cuttings on cost
of first thinnings. To skip first thinnings is made
in practise by making pre-commercial thinnings
late and strong so that the harvesting conditions
will be more favourable than today. First thin-
nings add extra 2...10 % cost for harvesting. Cost
and procurement level variations effect quite lit-
tle on the stand type structure of cutting areas.
The burdening cutting types by silvicultural meas-
ures increases clearly the share of seed tree- and
shelter wood cuttings on cost of clear cuttings.

Amount of manual work is decreasing in log-
ging from 45 % in 1990 to less than 15 % in 2010.
Forest owners own work will replace even this
little amount of work of company loggers. Cost
increment and procurement level alternatives ef-
fect very little on profitability of manual work.
The further we go into the future, the fewer are
the number of harvesting methods selected by the
model. Harvesting is done most economical by
10-tonne one grip harvester and forwarder chain.
Besides manual logging no other harvesting meth-
od is competitive to 10-tonne mechanized chain
according to scenarios.

The use of general-purpose machines and meth-
ods makes sense in terms of easier organization
and reduced need for transfers between stands.
The organizing of light and heavy harvesting
chains with good productivities on extreme con-
ditions will be more expensive than to use only
one medium heavy chain on same area with lower
productivity on extreme conditions but ability to
work on all stands. It is not excluded that on more
extreme conditions than on this study’s six stand
types special machines could be profitable. Gen-
eral-purpose machines are useful especially in
Finland, where the wood lots are small and
processing takes place on a relatively small scale.
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According to the calculations based on the sil-
vicultural minimum scenario, the work hours of
harvesters need to be doubled till 2010, while the
level of procurement increases 20 %. The increase
of work is possible to handle by increasing the
number of harvesters only by 40 %. The need for
drivers in the high season is double the number of
harvesters. In 1990 the number of drivers in low
season is the same as number of harvesters, but in
2010 all harvesters should have two drivers even
in the low season. One doubt is that, if summer
time harvesting is greatly increased, it may on
sensitive soils cause severe injuries to the stand.

The demand for labour will decrease for most
types of work, except for mechanized harvesting
and haulage by truck, where there will be a slight
increase. According to a study on the general in-
terest in the field, enough labour is seeking work
in this sector (Elovirta 1993). Forest workers who
are currently working or in training are interested
in further education and job diversification. Two-
thirds of the trainees are interested in mechanized
work, the percentage of which will increase in the
future (Onttinen & Vanhanen 1992). Problems in
terms of the availability of labour may be encoun-
tered in silvicultural work for which enough la-
bour will not be found in the future, at least not
from among those involved in cutting operations.

The unit cost of wood procurement will double
till 2010. The yearly increment varies 2.5 ... 3.8
%/a depending on the scenario. The total wood
procurement cost per year will also double till
2010. The increment is 2.5 ... 4.3 %/a. The incre-
ment or decrease of procurement level by 15 %
has about the same cost effect than increment of
harvesting cost that is 20 % faster or slower than
the materialized increment of ten last years. Tak-
ing the silvicultural measures in account compared
to the pure harvesting optimum does not effect on
total procurement cost. Increased mechanization
will give added flexibility to handle larger pro-
curement volumes.

However, there is no reason to look back: the
organizations, employees and machines will have
to respond to ever increasing demands concern-
ing the landscape and the quality of supplied tim-
ber. To ensure an adequate supply of labour, the
duties related to procurement must be responsi-
ble, versatile and productive. The main pressures
for changes in this field of activity come from
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outside the industry. Unfortunately, the powers
of prediction of the industry with regard to such
pressures has been lamentably poor.

7.3 Comparison with Other Forecasts

At the beginning of the research project, Vantaa-
la (1990) mailed an inquiry to those responsible
for timber procurement in the procurement areas
of Finnish Forest Industry Association’s Research
Organization — Metsiteho’s member companies
and the Finnish Forest and Park Service. The
respondents were asked to answer questions con-
cerning anticipated changes in procurement vol-
umes, demand for labour as well as harvesting
and scaling methods during the period from 1989
to 1995. According to the replies, the procure-
ment volume was expected to increase from 47
million m* in 1989 to 56 million m* in 1995.
Over the same period, the volumes felled as part
of thinnings and natural regeneration was ex-
pected to increase. Clear-cutting volumes were
estimated to decline by a fifth.

The results obtained by Vantaala (1990) showed
that the timber assortment method will retain its
position as the principal harvesting system. Of
the total volume, the part-tree method was ex-
pected to account for 3.1 % and chipwood for 0.1
%. The degree of mechanization in the harvesting
of standing trees was assumed to rise from 41 %
in 1989 to 65 % in 1995. If so, a total of 80 % of
regeneration cuttings and 47 % of thinnings would
be carried out mechanically. According to the
survey, the one-grip harvester will be the most
common machine in cutting and a medium-sized
forwarder in haulage. The use of scaling at the
road-side and scaling of standing trees was ex-
pected to decline, whereas automatic scaling by
logging machines, scaling by loggers and mill
scaling was assumed to increase. However, only
28 % of the total volume of stumpage sales was
expected to be scaled by logging machines.

The survey by Vantaala (1990) was conducted
in 1989 when there was a shortage of labour, the
price of timber was high and the economy was
booming. As far as the surveys and its predictions
that failed to materialize in mid-term is concerned,
it could be said that man always expects minor
changes and is deeply influenced by the notions
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prevailing at any given time.

This study predicts that mechanization will be
far more rapid that assumed in Vantaala’s survey.
Actual development since the completion of the
survey and reference year in the model, including
the downswing in economy, shows that econom-
ic considerations and other factors external to the
forest industry have a deep impact on timber pro-
curement. Since 1990, the cost of timber procure-
ment has decline by approx. 20 % in terms of
nominal prices. The cost of machine work has
decreased faster than that of human labour. As
revenues have declined, a number of non-viable

contractors have gone bankrupt. These events
affect the forecasts by lowering cost level curves,
at least in the short term. The competitiveness of
labour-intensive cutting will decline more rapid-
ly than predicted. However, the forecasts for the
number of operators are not much affected by these
changes in costs, considering the changes in felled
volumes.

Man’s belief in only marginal changes and his
tendency, and that of the nature, to undergo major
ones are contradictory elements whose interplay
will finally determine the validity of these fore-
casts over the next 10 years.
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Acta Forestalia Fennica 248 1995 Rummukainen, A., Alanne, H. & Mikkonen, E. Wood Procurement in the Pressure of Change
Appendix 3 (1) Appendix 3 (2)
Development series of typical stands: outturn, area, density and proportions of
tree species. Data is modified mostly on the basis of data from Lassheikki (1989). See also chapters East-Finland 2010
3.2and 4.2.2. (* St. & sw. = seed tree and shelter wood.) Variable I-thinning gher Clear-cutting , [Clear-cutting , |"St. & sw. - |Removals of
innings medium trees |large trees i E
West-Finland 1990 Outturn, m3 250 522 779 : 1516 = ngio = &23::2
Variable I-thinning Other Clear-cutting, [Clear-cutting, [*St. & sw. -  [Removals of Area, ha 5.2 5.8 4.9 5.3 58 7
thinnings medium trees |large trees cuttings *st. & sw. Density, m3/ha 48 90 159 286 162 34
Qutturn, m3 170 290 567 936 690 510 Pine-% 43 33 29 30 57 33
Area, ha 4.3 5.2 4 4.1 4.6 6 Spruce-% 25 38 54 56 35 )
Density, m3/ha 40 56 142 228 151 85 Broadl.-% 32 29 17 14 8 58
Pine-% 31.5 33.2 13.4 34.4 34.2 45.4
Spruce-% 41.7 56.6 775 55.7 58.8 43.7 North-Finland 1990
Broadl.-% 26.8 102 2Ly 28 LE 102 Variable I-thinning Other Clear-cutting , [Clear-cutting , |*St. & sw. -  |Removals of
thinnings medium trees |large trees cuttings *st. & sw.
West-Finland 2000 Outturn, m3 105 340 315 347 271 205
Variable I-thinning Other Clear-cutting , |Clear-cutting , |*St. & sw. - |Removals of Area, ha 34 6.5 26 2.2 25 4.1
thinnings medium trees |large trees cuttings *st. & sw. Density, m3/ha 31 52 119 157 109 50
Qutturn, m3 212 498 563 1117 695 196 Pine-% 68 71 40 44 44 75
Area, ha 4.5 5.3 4.2 4.2 4.6 5.8 Spruce-% 17 9 47 46 38 17
Density, m3/ha 47 94 134 266 151 34 Broadl.-% 15 20 13 10 18 8
Pine-% 23 25 20 39 40 50 ‘
Spruce-% 40 45 64 49 56 38 North-Finland 2000
Broadl.-% 37 30 16 12 4 12 Variable I-thinning Other Clear-cutting , [Clear-cutting, |*St. & sw. - |Removals of
thinnings medium trees [large trees cuttings *st. & sw.
West-Finland 2010 Outturn, m3 109 330 374 430 297 59
Variable I-thinning Other Clear-cutting , |Clear-cutting, [*St. & sw.-  |Removals of Area, ha 3.5 6.6 2.9 2.5 2.7 4
thinnings medium trees |[large trees cuttings *st. & sw. Density, m3/ha 31 50 129 172 110 15
Qutturn, m3 226 510 568 1148 700 168 Pine-% 27 37 61 62 59 77
Area, ha 4.7 5.6 4.3 4.4 5 5.6 Spruce-% 23 20 27 28 24 16
Density, m3/ha 48 91 132 261 140 30 Broadl|.-% 50 43 12 10 17 7
Pine-% 27 30 22 33 40 89
Spruce-% 35 39 60 53 50 2 North-Finland 2010
Broadl.-% 36 31 18 14 10 9 Variable I-thinning Other Clear-cutting, [Clear-cutting, [*St. & sw. -  |Removals of
thinnings medium trees [large trees cuttings *st. & sw.
East-Finland 1990 Outturn, m3 126 356 343 331 218 50
Variable I-thinning Other Clear-cutting , |Clear-cutting, |*St. & sw. - Removals of Area, ha 3.6 6.6 3.4 2.9 2.2 3.6
thinnings medium trees |large trees cuttings *st. & sw. Density, m3/ha 35 54 101 114 99 14
Outturn, m3 210 330 800 991 900 750 Pine-% 30 41 59 63 59 76
Area, ha 5 5.5 5.3 4.7 6.1 8.6 Spruce-% 18 12 28 27 23 12
Density, m3/ha 42 60 152 213 148 87 Broadl.-% 52 47 13 10 18 12
Pine-% 42 29 25 35 65 67
Spruce-% 32 46 61 52 26 15
Broadl.-% 26 25 14 13 9 18
East-Finland 2000
Variable I-thinning Other Clear-cutting , |Clear-cutting , |*St. & sw. - |Removals of
thinnings medium trees |large trees cuttings *st. & sw.
Qutturn, m3 250 524 847 1318 912 349
Area, ha 5 5.4 5.1 4.9 6 8
Density, m3/ha 50 97 166 269 152 44
Pine-% 37 27 41 42 55 45
Spruce-% 34 44 42 45 37 44
Broadl.-% 29 29 17 13 8 11
86 87




Wood Procurement in the Pressure of Change

OVEBLLL |vVE9/ES 6518099 [6G18099 [LLLT199 |LLLT199 [€EVSPLT 0102
COV/169 |206669G |P89EZE9 |SBOVSLY [S9esrrL |86066€9 |600CLEL |000C
206529 |£20S6Z9 [£205629 [€206529 [£20S629 |€20GST | LTe689 0661
CUWINGY| ECWINOS| POXINGS| %02+6S| %0268 OX6G|  OHWG6S
"D/Y 32N} JO sINoY Bupjiom JO Jequunu [pnuuy
L6567 JOL91ZGE |L2O0eezy [svessey [/coeeey [616L0ev [SL/9/5V {0102
/€8620G |20S8507 |26605SY |SS8GTSY [2660SSy [2S2/eSy | LOESSSY  |000C
OCE6L6V  |0SC6L67 |086/6v |08C6L6Y |0EC6L6Y |0EE6/6V  |06ZBESE 0661
cWINGY| EWINOS| POXINGG| %0T+6G|  %0C-6S ON6S|  OHW6ES
"D/Y 's1epiomIO) euuo}-g| Aq Yiom podsupy ppoI-HO ||D JO |OjOL
ZUPOEOy  |626G66E |CLOSEEE [SOVSSOV [TLOSEES |2el2Lo€ |€4508L€ |0LOC
e GOZOLZE 5828882 |28loLee |vS/90ve [¢8lolee [evrlOEe |cocesle |000C
g 0 0 0 0 0 0 762€81E 0661
Lmn CWNBY| EWINOS| POXINGG| %02+6S| %02-65 ON6S|  OHW6S
= ‘p/y ‘Buyobyuod
M PUNOI-||D U} SIOPIDMOI 8UUO}-| JO $INOY BUNIOM JO Jequinu [PnuuY
=
o p/v/0S  |18298L |GL0868 |ore6zZ  [SL0868  |/8/GEE  [20T96L  [010Z
B Z/GELSL |Z/ZOLLL |OL8vezZL |[LOL6LLL [olevezl |6083€ZL [600TLEL |000C
= 0CE6L6Y  |0EE6L67 |OEE6L6Y |0ES6L6y  [0686L6Y  |0EC6L6Y  [BOOYSES 0661
= CWAGY|  CUINOS| POXINGG| %0Z+6G|  %0Z-65 ON6S|  OHW6ES
m “D/Y 'SIOPJOMIO) 8uuo}-0| eypiodes Jo sinoy Bupiiom jo Jequinu jpnuuy
=
E
nmn (€) ¥ xipuaddy
[¥a)
=N
G9009CS [8V996SE  [S6LT8SE [LvP L9V [8CE9LEY 19/0/ESY [L8689EV |0LOC
Vo8E8/E |B/VSLVT |/T0LLTE |vLTTEVE [LZ0LLZE |09€BSZE |€¢//ZLE  |0002
¢8€0/0Z [28E0L0C |ZBE0L0C [28€0/0C |[28E0LZ0Z |2BEQLOC [L9VL160C [066L
EWINGY| EWINOS| PBXINGG| %0C+6S|  %02-65 ON6S|  OHW6S
‘D/y ‘sieyseainy dub-euo Aq yiom Buyseaoy o JO |DjOL GEVEOE | [CEVSB/  [VBBCEES |€8CS90L [PBBZESS [9/91/E1 [€9SPSSE |0L0T
9GGGRLY |L68SYL9 |SLEVYYY |L9860C9 |SLEVPYY [86/2Z/9 |58989¥9 [|000C
GO009ZS |BV996GE  [GELZBSE  |89SPOOV (G6LZBSE [9L0/ESY |e6LLgEy |0102 PL/2G88 |91/2588 |91/2G88 [91/2G88 |91/2G88 |91/2588 [98S1/98 [0661
VOBEBLE |BLVSLYT |L20LLTE |PLTTEVE [LTOLLTE |09€8SZE |€2LLTLE |000T CUWINBY) EWINOS| POXINGG| %0C+6S| %0C-6S ON6S|  OHW6S
0 0 0 0 0 0 0 0661 ‘0/Y “yiom BuibBo| sieumo jseioj |ID jo |Djo)
CUWINBY|  SWINOG| PBXINGS| %02+6G|  %02-65 ON6S|  OHW6S
‘0/y ‘Buloplyuod SEVEOE| [TEPS8L  |VBBTEES |€8BTGP0L [F88TEES [PLRLLEL [€9GPSSE  [0L0Z
punoi-||o ul s1ejseAIpy dub-suo Jo sinoy Bupjiom JO Jequinu [pnuuy 9GGSQLY |L68SVL9 [SLEVPYY [19860C9 [SLEVIYY [|86LZTL9 |5898919 |000T
0 0 0 0 0 0 0 0661
0 0 0 /891 £69€€9 |0 oLy oLoZ CWINBY[ EWINOS| PaXINGS| %0T+6S| %0Z-6S OM6S|  OHW6S
0 0 0 0 0 0 0 0002 R/y ‘sloumo
¢8€0/0C [8€0/0C |28E€0Z0C [28E0/0C [28€0L0Z |28E0LOT |L9v160Z 0661 WD} {5810 BANOD JO y10Mm BuibBoj Ul s1noy Bupjiom JO Jequinu [pnuuy
CWINGY| EUINOG| POXINGG| %02+6S|  %0C-65 ON6G|  OHWES
‘D/\ ‘s1ejseAny dub-euo ejpindes jo sINOY BupP|IOM JO J6equunu [pNUUY 0 0 0 0 0 0 0 0L02
0 0 0 0 0 0 0 0002
L€4/SC L€LL5C |V 1909 L€L4ST [P1L909 1€4452 1€4/G2 0102 Q142588 [9142588 (9142588 [9L/2SB8 |91/2588 [91/2588 |98S1/98 (0661
L€445C  |1€445C  |1€44G2  |1€445C |L€446C [€9¥90€  |1€//G2  |0002 EWINBY| CWINOS| PBXINGG|  %0T+6S|  %0Z-6S ON6G|  OHW6S
QTIBES  |9TCBES  [9TTBES  |9TTBEG  |9TTBES  |92TBES  [T909ZT  |0b66L ‘D/Y ‘sieumo
EWINBY|  EWINOS| POXINGS| %02t65|  %0C-68 OX6G|  OHW6S {o]poom [[pws Jo yiom BuiBBo) uj sinoy Bupiiom Jo Jequinu [pnuuy
‘D/Y ‘18UMO }5810} AQ 10M podsuni} PROI-HO (IO JO |DJOL
0 0 0 0 0 0 0 0102
L€44SZ  |I8LL5T  [FLL909  [L€445T  |v1£909 |l84L5T  [L€44S2  |0Loe {GLLy 0 Lovl/ze |0 LovLLE  |06EVLE  [8CV9BLL |0002
L€445¢ [LELLST  |L€4L8T  |LEL/ST  |L€LLST  [e9P90€  |L€4/ST  |000C L668B0VL | L66807L [16680VL |166807L [166807L |166807L 8809596 0661
9TCBES  |9TT8ES  |92TBES  |9TCBES  |9CCBES  |92CBES  [C909CC  [0661 EWINBY| EWINOS| POXINGS| %0Z+6S|  %0T-6S OX6G|  OHWNES
ewiNge| eswNOS| PaxiNes| %0z+6S|  %0zZ-65 ON6S| OHW6S '0/Y “om BuibBo| jonuow uj sinoy Bupjiom Jo Jequinu jpnuuy
'D/Y ‘10UMO |se10} AQ 16pDO]| J|INDIPAY PUD 180} ‘10}0D1}
ULID) YHM HIOM podsupl) ppol-Jjo Ul SInoy Bupjiom Jo Jequinu [pnuuy QLV6LS  |LELPOE  |EEGEE9  |OESEVY  [EESEEQ  [8YI9Lr  [992199  [0L0Z
Lv[BS8  [ZSLLLL  |2/GS9L |69T9LL  [TLSSQL  [/8lE6L  [L£0/€8  [000T
= 0 0 0 0 0 0 0 oloz P6E0L8L  |P6E0LBL  |P6EOL8L  |POEO/BL [P6E0L8L |P6L0L8L [LLLLELZ [0661
< 0 0 0 0 0 0 0 0002 [ swing9| cWNOS| pPexines| %0z+es|  %0z-65 OMéS|  OHW6S
k=] 0 0 0 0 0 0 0 0661 ‘D/Y ‘Bulpas Jequiy pup uojsiaiedns
m CWANGY| ewNOS| PeXINGS| %0Z+6S|  %0Z-6G ON6S| OHWGS jom‘Bujuupid jseapy [D21UYD8e) Uj SInoy BupjIoMm JO Jequinu [pnuuy
rm ‘D/Y ‘18UMO |se10) AQ e|ddpib Buippnys 21NDIPAY puDp 10001
= WD) Yjim HIom podsupyy pool-}o uj sinoy Buppiom Jo 1equinu [pnuuy '€ 9104 Ul paulD|dXe S0 SOIDUSIS JSOD JO SUOKDIASIGAD 8y]
M 'SOUDUBDS §s02 |ID Ul uoyniedo AQ sinoy Bupjiom Jo siequunu AUDBA
[
=
= (@) v xpueddy (1) ¥ xpueddy

89

88



s
s
Irn\
M P9SYSSt 825901 SE6ES8 SHPESE9!L IDjoL V8989V9 €LL8SLL C6LLILL BLITESE 10401 S8S1L98 Syezevi 0820Eve 09vevLy 10joL
m 8826 91GL6C ovesLL 82045V y UOSDag €L8L6L1 0€C12E 6€ 108y P0G966 p UOSDaS 209€S61 6989EC GBLVYS 8yvZ/0L y UOSDa5
nnm 6L006¥ 858V L 20821 L V16822 £ UOSDBS 919228 ZSLLYL 6900ve G6L0vY £ Uosnes 99889V 6v808 6290 L 886/GC £ UOSDIg
=] 681598 0E6LVC 2ov9ee £G808E g Uosoag LVSYLSL GGG98C SLLOOY £/888 ¢ UOsSD8g 209£S61 65989€¢ GBZYYS 8Y¥Z/01 ¢ UOSDOG!
um [412274" 08014E 98E£9CE V6895 | UOSOag 8Y9ELZT 9L160V 0LVL6S 2004921 L uosoeg S15562ZV 8GC8EL L80L LTI 9LLIVEC | UOSDOS
= jojol pPuDju4-N  [PuDjull-3  [PUDIUHE-M 65/010C Djo) PUDE-N  [PUDIUL-3  [PUDUI-M ¥5/0002 IPjOL PUD|UI4-N  [PUD|UI4]  |PUD|UIY-M 05/0661
m "D/ H10M BuiBBO| $16UMO 5810 |ID JO |DjOL
o
m P9SYSSE 825901 SE6ES8 SYESEIL [ Lrdivdad C1L8SLL €6LL1LIL 8L1T6SE 10joL 0 0 0 0 |DjoL
& V8826 916262 oresLL B8COLSY ¥ UOSDSS| €L8L6LL 0EZ128 6€ L08Y P0S966 ¥ Uosnag 0 0 0 0 ¥ UOSDag
B 6L006V 8G/8V 1 0821 L r1S82C £ UOSDag 919228 ZGLIpL 6900ve G6L0vY £ Uosnag 0 Q 0 0 £ U0sDag
% 681598 0E6LPT Zovete /G808 ¢ Uosnag LySYLSL GGG98C Gl 100V //8(88 ¢ Uosoeg 0 0 0 (] g UOSD8g!
ZLre9TL 080LLE 9BEICE Qr689S | UosDeg BY9ELTT 9L160Y 0/LVL6S 200L9¢L | UOSDOS 0 0 0 0 | UOSDBS
__|uﬂy_. PUDJUY-N  |PUD|Ul4-3  |PUDUIS-M 65/0102 1Djo) PUD|U4-N  [PUD(UL-3  |PUDIUS-M ¥5/0002 10{0} PUD|UH-N  [PUD|U4-3  |PUDIUIJ-M 05/066 L
"D/ '$IOUMO WD) |5810) 8AYOD JO Jiom BuiBBO| Uj sinoy Bupjiom Jo Jequinu j[pnuuy
[o 0 0 0 Iojol 0 0 0 0 101 S8S1L98 Syecevi 0820€¥T 09vevLiV iPjoL
0 0 0 0 p UOSDOS 0 0 0 0 y UOSDag 209¢S61 6989EE GBIYYS 8¥vZL0L ¥ UOSDaS
0 0 0 0 £ UOSDag 0 0 0 0 £ UOSDaS 99889Y 4r808 6290€ 88E/GC £ uosoeg
0 0 0 0 ¢ UOSDag 0 0 0 0 g UOSDos ¢09¢s6l 6989EE GBCYYS 8rrZL0L g UOsSOas
0 0 0 0 | UOSDSS 0 0 0 0 | UOSDOS S16562F 8GCBEL 180LLZL QLLIVET | UosDeg
[ojoL PUDUI{-N  |PUDiUI{-3  |PUDIUIE-M 65/010Z __D-o.— PUD(UlJ-N  [PUDIUI4-3  |PUDIIS-M ¥5/0002 10401 PUDUI4-N  |PUDjUl4-3  |PUDULS-M 05/0661L
"D/Y 'SIOUMO JO|POOM [IoWs JO Y1om BuiBBoj ul sinoy Bupjiom Jo Jequuinu [DhuuY
0 0 0 0 D01 62r98LL &62r98LL 0 0 1ojoL 1809596 €L6ETV 616999 SEIS9EY 1Dj0L
0 0 0 0 ¥ UOSDSS| 6195V 61 E9G 0 0 p UOSOaS L029LIE £OG19G1 L08S1LC £1886€ L 7 UOSO8g
0 0 0 0 £ UoSDag fx4:14:1\ /25281 0 0 £ UOSDag [{x24:14% vv/82. £0£001 082259 £ UOSDaS
0 0 0 0 ¢ UOSDOS| [2240) voCL6 0 0 ¢ UOSDEs 1v6Ze8 6E688E 484 06GS8E ¢ UosDag
0 0 0 0 | UOSDIG 51E95Y 61 €96V 0 0 | UOSDes 80LV9 LY L69VP6L 650262 2564261 )
_mv_o._. PUDJUI4-N  [PuUDjU4-3  |PUDUI-M 65/0102 10joL PUD|UH-N  |PUD|Ul-3  [PUDIUI4-M ¥5/0002 |0joL PUDU4-N  [PUD|UY-3  [PUDIUH-M 05/0661
o '0/Y Hiom Bui JONUDLU Uj $INOY BUPHOM JO Jequunu [onuuy
=
m L92199 92022 L88S91 €10SLT 10jo) LL0LER 0Z901€ 440 142423 Dol 1LLIEIT T616LS 47444 89601 L 10401
= 8¥yzoz 01199 PLOY (598 v UOSDBS 6£619C Z00V0L 0L9LS /92001 P UOSDOS y0S6ve 061181 (X474 16827E  Uosoes
= 92606 L8ELE 888LC LS9LY £ UosDeg €L9021 60EVY L09C¢ C9LEY £ UOSD3S 809892 68484 £8E8Y evivil £ UOSDag
- 0ovvLl 99,09 L9VVY (9169 g UOSDag 261002 £L659 o444 L2668 ¢ UOSDeg SE9ELY SGBYCL z1zvol ZL5V92 ¢ UOSDES
= e6vesl 0L 199 L6V LIQLL | UOSDag £L2rSe PCER6 0£9LG /97001 | UOSDSG 096611 8CEVEL 144 6LL098 | UOsDes
2 10§01 PUD|U4-N  [PUDjU4-3  |PUDIUId-M 65/0102 10401 PUD|U4-N  [PUDJUIS-3  |PUD|UI-M ¥S/0002 10§0L PUD|UI4-N  [PUDjuld-3  [PUDUY-M 05/0661
] "D/ ‘Bubos 1equily puD uoisiAledns som ‘Bujuunid jSEAIDY [DYDe; Ul sinoy Bupiiom jo Jequinu pnuuy
<T
= "0L0Z Ul (JWIN 65 PUL 000C Ul (WIN 75 ‘0661 Ul JUIA OS S UINKNO AlIDBA
-5
.anm A_.vO X_UCGQQ«Q .._cwEw._DUOhQ lequuyj JOo uolypINJIND E:E:QO-_UhE_JO_Z_m 8y} Ul Uospas pup DV8ID >D sINOY )iom >t00>
m .
E
=
el
x
8912 £'20C 6'Lve 80V €681 £eIT 9€lLe 0102
L'851L L'yl SPoL 1’691 L'pyl SPSL L'LSL 0002
9GLL 9GLL 9GLL 9GLL 9GLL 9GLL oLl 0661
CWNBY| ECWINDS| POXINGG| %0Z+6G|  %0¢-6S ON6G| OHWES
“W/INH (2oud 18qu} 1oxe) Jueluanooid POOM JO SO0 JJun SDDISAY S0V L 6¢C0L 0SErL JA T4 4t 8eclLL 9G9C1 LL9C1 0Loe
14%e) LyeL £006 206 v88. LEV8 Sy 0002
L'€0L £'G6 S0LL eGLL 8'/8 7’001 9'66 0L02 6829 6829 6829 6829 68C9 68C9 0£99 0661
99 Z'9 1’99 969 6’85 L'€9 L'09 0002 EWNBY| EWINOS| POXINGS| %0T+6S|  %02-65 ON6S| OHN6S
8'LE 9'LE 9.8 8'LE 8'LE 8'LE Vo 0661 "D/NI4 Uoiw “Juswainooid pOom JO SO DO
CUWINGY| EWINOG| POXINGSG| %0C+6S|  %0Z-6S ON6G| OHW6ES
"</ N4 ‘HOdsupnl) @2UD|sip BUOj JO SO Jlun aBDISAY 28651 L1GE ovsy 8105 126€ (4424 L6LY 0L0Z
6L6C 60vZ L08Z 8182 0652 0€L2 [4°74 0002
2’08 S'vL G'/8 G'T6 9'G9 8L 06 oL0z £0S L €051 £0G 1L £0S L €051 €051 [44! 0661
x4 1S VS ¢'SS (414 8'CS £'eS 0002 EUWINBY| EWINOS| POXINGG| %0C+6S|  %0C-6S ON6G| OHW6ES
£'ee £'eE £'eE £'ce £'ee £ee L'GE 0661 "O/I4 UOyiw “Hodsunij 82UDjsiP BuOj JO JsO0 |D4OL
CWINGY| CWINDS| POXINGS| %0Ct6S| %0Z-6G OS] OHWES
"«W/AH “HOdsu1y }onuy JO 50D Jjun abpiany 1LEC L691L ¢L9C 89CC 2961 8902 L61C 0L0C
£881 8261 261 [4:74% 9291 QLLL 60/ L 0002
6'7¢ S'ee Sh 2'8¢ 1'€€ 6've LE oLoz 1S9 L LSoL LG9L LG91L LG9L LS9L 0941 0661
9'LE £'0e 41 9'CE L'62 S'Le £1e 0002 EWINGY| ECWINOS| POXINGG| %0C+6S|  %0C-6S ON6G| OHW6S
£0¢ £0¢ £'0€ €0 £'0¢ £0¢ 608 0661 "0/ W4 UO|[|iu "HOdSUDLY POOI-HO JO §SOD (4O
CWINGY| EWINDS| POXINGG| %0C+6S|  %0C-65 ON6S| OHW6S
“cW/ N4 "Hodsuniy poOoI-H0 JO JSOO Jun oBDISAY 09€€ 98CC 29CE JA°T4Y 4514 9C62 L90€ 0L0C
(04%4 ol JAL44 8812 £L261 6r0C £902 0002
S'6v €6y £'95 6'vS LTY £'6v L'LS 0102 0£91 0E91L 0g9L 0£9L 0€9L 0e9L LLLL 0661
98¢ Q'Ce 'Ly [v4 Z'SE 9'LE 8'/E 0002 CWINGY| EWINOS| PBXINGS| %0T+6G|  %02-65 ON6S| OHNGS
6'6C 667 662 662 6'6C 662 Z'Le 0661 "D/ I3 uoljiud “BuBBoJ Jo 4500 [ojoL
CWINGY| ECWINOS| PaXINGG| %0T+6S|  %02-65 ON6G| OHNGES
«W/INH ‘BuiBBoy Jo 1500 Jlun abbleAy Sr6l (24! 19LL 1261 2aS1 S0LL 8ELL 010C
- L6CL 8801 QLLL 25¢l cLLL 8L L €61 L 000C
~ L'8C 9'8C L'67 v'2e L'GC L'82 €62 0102 LS6 £56 LS6 LG6 LS6 £56 0colL 0661
e L2 9'lZ S'Le [X44 €02 L'12 6'LT 0002 EWNBY| EUINOS| POXINGS| %0C+6S|  %0Z-6S OM6S|  OHW6S
m QL1 Q'L 9LL 9Ll 9/1 9/ 611 066 ‘D/IAI4 UOIW “Jussind0Id POOM JO (UOISIAIDANS HIOM |OU]) 1SOO PDAYISAO |D4O]
S CWINBY| CWINDS| POXINGS| %0Ct6S|  %0Z-6S ON6G| OHWES
= “sW/IAI4 ‘HUn 1ed JSO0 poauIono eboIoAY ‘£ ©|qD} Ul paup|dxa 8ID SOUDUSIS SO JO SUOHDIASIGAD 8y
M ‘SOUDUSS SOD ||D Ul jueweInd0Id POOM JO SJSOD JIUN PUD -|DJO} AlIDBA
[
=
= (2) g xIpueddy (1) ¢ xJpusddy

91

90



Wood Procurement in the Pressure of Change

£92LE9L 0Zps90Z  |TEVSOIT L1790¥E 10§01 1SE1ISY9 TIvSLLL 6195181 0ze9L6T 10joL ayzeé689 9SLESLL L69s5¢81 LBLEITE 10j01
S8vLSLL LVe L8y rooorY ov10€8 v uosoas| 1 LLovrrl 985007 eesLLy 8V61E9 b UOsDas kla7441) £9100v 18008€ L6CLYL y UOsSDBS
6L6€1S1 12010V L08eLr £51004 £ Uosnas|  [vL198€1L EEEE 02SPoE 020859 € Uosueg 962621 £60€EE 8/29E€ £6GEC9 £ Uosneg
LLPPLOL 06£88G SC8vYS 9SCLY8 ¢ U0sSDa§ LLS9PLL 1 L006F S£8C09 LL9ESL g uosneg vL1ZT6L 291488 01956 C0V668 g UOsD8g

8zt L6€T BOOVEG 20819/ 8G8YE0L | UOSDas £8SVL8L 1L LG6V LEL90S L8928 | UosDes £SS0S 1T 43355 B8CLECY SOVEGH | UOsDag
|ojoL PUD|U-N  [PUDjUH-3  [PUDIUI-M 65/0102 10§01 PUDUY-N  |PUDjUl4-3  |PUD|UI4-M ¥5/0002 0oL PUDUI-N  |PUD|UIY-3  |PUDIUIS-M 05/0661

‘D74 '$9N1} JO $INOY BUDHOM JO JOQUINU [DNULY
SLLOLSY 9662501 ori9evl 6€9L602 10401 566955 894001 szz18Yl 856080€ 10401 B66VSES LLIEOEL 69570V 1 TSTLYIT |1DjoL
19tLrel 802 12€ 8ELZEV GLE6S P UOSDBS Z08S0vT €0GCLE £GB0SY rrzrelL P UOsDes LVLSEVL 26068E VISLLE 1 80699 y UOsDaS
182459 6V LGEL 120961 LL19CE £ UOSDOS z0lE89 £6E LV L 68692 026142 £ Uosneg 189659 LLZLLL 2£20L 1 8CCC1E £ UOs0ag)

coLryreL 821862 29608¢ £190/G g Uosnag|  |EVLLSLL 962192 £SELEE vELS9S ¢ Uosoeg 6562821 SE98LL SGLEEE 69119 ¢ UosDag
oeviZel LLGE0E 6LYoLY 006209 L Uosoes| | Z0EETElL 919262 62262V 29v109 | uosoeg L199L61 6£C8SY BOPECS V9LVOO L Uosneg
10§01 PUDjUY-N  [PUDIUH-]  |PUDUI{-M 65/0102] [PIoL PUD|UIJ-N _JPUD(ULY-3  [PUDUIFM | #5/0002 __lc.’o.— PUO|UI-N [PUDjUI{-3  [PUD|UI{-M 05/0661
"D/\ "s10piomio) euuoy-| AQ podsuny pooI-}O ||D 4O [DjoL

¥LS08LE [4%44] LYSE0Z1 voLZeLL IDjoL|  |SPeLsLY ¥Sv8ss £286911 89969VT IDjo) 0 0 0 0 10401
¥v80P0L S6vLST 885V9E 19L81Y p UOSDOS|  18€0SS8 1L eL/ppL 0LESGE G10SSrL P UOsD8g 0 0 0 0 ¥ UOsSDEg
112555 £62¢01 L1891 100v8¢ € uosoes|  [9LEZ8Y €SS 1L 910228 £08881 £ Uosoag 0 0 0 0 £ Uospeg
£918501 yeoore 004L1€ 62V00S ¢ UosDes|  168SSE8 GLSS8L L€L1G2 EVEB6E ¢ uosneg 0 0 0 0 ¢ UosDss
9G8SZLL L0SEVT 9E825€ £16625 | UOSDeS|  [ZrérTs €995 1 99L0VE £0G/2V | UosDeg 0 0 0 0 | Uospeg

10jo1 PUD|UI4-N  [PUDUH-]  [PUDUI-M 65/0102 |D§OL PUDUIS-N  [PUDJUIY-]  [PUOUI-W ¥5/0002 | _ﬂ%h PUD|U4-N  |PUD(UI4-3  [PUDIUIS-M 05/0661
"D/ 'BUl204U0D PUNOI-||D UJ SI6PIDMIO) 8UUO-Q | JO SINOY Bunpiom Jo Jequuinu [pnuuy

Acta Forestalia Fennica 248

93

10296L (99802 665222 GE6V9t Iojor|  |600ZLEL 1487144 SoriLLE 062119 oL B66VSES LLIEOEL 695VOF | |ZSTLYIT Pio)
L1S90€ C1LE9 05189 YSovil p UOSOOS|  |v9LO0SY 06LL91 LVS5S6 J4474:] P UosDeg LVLSEYL 260688 VISLLE 180699 ¥ UOsDes
0L5101 9GBLE 9L oLy £ uosoes| 924002 0v869 CLLLY eLLEB £ UOsnes 189659 112241 2€20L1L BECLIE £ uosoes
ors981 y60ES 2929 v8L0L Z uosoes|  |pslzee \V/SL 22961 L6/99L g Uosoes 6562821 GE98/T GSLEEE 691 LL9 ¢ Uosoeg
(oS L5102 0009 £85€9 LBOLL | UOSDBS|  |S9TB6E EVOSE L £9v88 6G68L L | uosoag L199L61 6£28GY 809€2S (a28%e) | UOSDIg
3 10j01 PUD|UI4-N  [PUDUH-]  [PUDIUII-M 65/0102| [Io40L PUDNH-N _ [PUDIUH-3  [PUDIUI-M ¥5/0002 I0joL PUDUH-N  [PUDjui4-3  |PUDUIE-M 05/0661
2 "D/Y 's10pIDMIO) 6UUO}-0] ©jD1Ddes Jo sInoYy Bupjiom JO Jequinu [DNUUY
o
—
.IMM céLIZEY y86L2€1 €Zr 18zl 98LLI1LL oLl [€TLLTIE LT6869 L91SPLL 629¢€821 1oL 19% 1602 SL9TST 501628 1896001 10joL
i S006€Z 1L SO6EBOE LTPV8E £8 LGV ¥ UoSDBG|  |8Z6L68 682691 0SSEve 680G8€  UOSD8g ySSS8Y 0 1896€2 €85V y UOSDSS
= vZsree 800191 062261 961182 ¢ UOsDaS|  |856967 LL6V6 voLviZ. £(8/81 £ UOSDaS 265922 0 1GELLL 8744 £ UOsDSS
2 8969¢€ 1 L 9G10LE 642028 £ESoVY ¢ uosoes| | v8z908 LVL9ET £OLEVT [ 745143 g UOsuasg r91ZE8 e144X%4 clelee 20898¢ ¢ UOsSD8g
S 96901€ 1 S6E86E LTVV8E v{(8.2S | UOSDBS|  |€S59T6 v16L61 0GSEVE 6B0S8E | UOsOes 1SLLPS 96T 099552 992292 | UOSD8S
= 12401 PUDjUl4-N  [PUDIUH-J  |PUDIUI{-M 65/010Z| |Ioi0L PUD|UH-N  |PUDUI4-3  [PUDIUH-M ¥5/0002 __u_%z PUDjUI-N  [PUDIUI4-3  [PUDIUIS-M 05/0661
= "D/ 'siejseainy dub-euo Aq yiom BuyseAioy JIp jo [0jOL
=
2| (99 xipueddy
=
£
£
=
wy
=N
e6LIZEY y86L2¢L 144814 98LLLLL oLl [€TLLZIE 126869 L91SPLL 629£82 1 0§01 0 0 0 0 0oL
S006€Z1 SOEB6E LTVV8E £8 95K p Uosnag BT6L68 682691 05SEVE 480G8E P UosDag 0 0 0 0 y UosDag
VZsvee 8e0L9L 06226 961182 £ UOSDag 856969 LL6VE voLrie L8481 £ Uosoag 0 0 0 0 £ UosDag
8969€ 1 L 95108 6L2028 £ESOVY g Uosoas|  (y8Zo08 LVL9ET £96EVe [ 24514 g UOsnag 0 0 0 0 ¢ Uosnag
96901LE 1 G6£868 LTVV8E v{8L2S | UOSDa§|  (£559T6 V16461 0SSEVE 680G8E | UOsOas 0 0 0 0 | UOSDag
|DjoL PUD[UH-N  [PUDUY-]  [PUDUI-M 65/010Z] |IoioL PUDIUI4-N  |PUD|UH-3  |PUDIUI-M ¥5/0002 IojoL PUDIUH-N  |PUD|UI4-3  [PUDUI-M 05/0861
o/y ‘Buyopyuod punoi-|o Ul siejseAny dub-euo Jo siNoy Dupom JO Jequunu [DRulyY
0 0 0 0 [ (] 0 0 0 1DjOL 19¥ 1602 SL9TST S01628 189600 | D401
0 0 0 0 y uosoas| | 0 0 0 v UosDag PSSSey 0 1896€2 £/85r2 7 UOSDSS
0 0 Q 0 £ uosnes| (o 0 0 0 £ Uosoag 265922 0 1S8LLL [§744N £ UOSDag
0 0 0 0 g uosoes| (o 0 0 0 ¢ UosDag J2d¥4%] l4X44 £1612¢ 20898¢ ¢ Uosnag
0 0 0 0 | Uosoag| |0 0 0 0 | UosDag ISLLVS 92262 099552 G9TLIT | UOsDag
10§01 PUDJUH4-N  |PUDIUY-]  JPUDIUIE-M 45/010Z| |IoI0L PUDIUI-N JPUDjUH-]  |PUDIU-M ¥S/0002 ool PUD|UH-N  |PUDJUL-3  [DUDJUIH-M 0S/0661
o/y ‘sieyseany dub-euo ejpindes jo sinoy Buppom O Jequinu jpnuuy
184452 LELLST 0 0 IojoL 1€LLST 1€£45C 0 0 1401 0595€6 LELLST £90922 9S8LSY 1ojoL
L4SSL £/GGL 0 0 Y UOsOag| | ££SSL LLSSL 0 0 p UOSD3g £6812S LLSSL 296€C1 [a74443 ¥ uosneg
LSS2Y 1GSTY 0 0 £ UOSDag LSSTY [GGZY 0 0 £ UOSDSg £L96V1 £SSTV GG96C LoviL £ Uosnag
L6G6E L L6G6E | 0 0 g Uosnag L6S6E L L6G6€1 0 0 ¢ UOSDIS V80v9Z L6G6E1 Ov8TL oIS g uosoeg
0 0 0 0 L Uososg| |0 0 0 0 | UOSDSS 0 0 (8] 0 | Uosoeg
1Dj0L PUD|UY-N |PUD|UH-3  |PUDIU4-M 6S/010Z| |IDioL PUDUY-N  |PUDIUI4-3  [PUD(UI-M ¥5/0002 |DjOL PUDJUH-N  [PUD|UH-3  |PUDIUIS-M 0S/0661
‘B/Y 18umo jse10j Aq }1om podsubiy pooI-jo ||D JO |DJO)
1ELLST LELL5T 0 0 IDjoL 1ELL5T LELL5T 0 0 10{0L 0S95€6 184452 £90922 9581S¥ 10j01
LLSSL /LLGSL 0 0 P UOSOSS LISSL ££8GL 0 0 y Uosoag £6812S LLGSL 295¢€C1 272443 7 UOSDSG
LSSTY L6GTr 0 0 £ UOSDag LSSeY JAsiera 4 0 0 £ UoSDSg CLP6V | /GGTY G662 \VLL £ UosDag
L656€1 LOSOE L 0 0 g UOSDag L6G6€ | £6G6F L 0 0 ¢ Uosneg y80r9e 2656 L QV8ZL LPoLS ¢ UOsSDSS
0 0 0 0 L Uosoagl |0 0 0 0 L Uosueg 0 0 0 0 L UosDag
|®ioL PUDIU-N  |PUDIUL-3  [PUDJUL-M 65/0102| [IDjoi PUD|U-N  JPUDIUIS-F  [PUDIUL-M ¥5/0002 10401 PUDJU-N _|PuUDlUi4-3  [PUOU-M | 0S/0661
D/Y “J6eumo {seio} AQ 18pDo| JINDIPAY PUD 16[IDY J0}OD1) ULID) YiM }10M podsuDy pDOI-O U| $INOY DUPIOM JO 16qUINU jonuuy
0 0 0 0 IDjoLl 10 0 0 0 0oL 0 0 0 0 12§01
0 0 0 0 p uosoag| |0 0 0 0 P UOSO8S 0 0 0 0  Uosoag
0 0 0 0 £ uosnag| [0 0 0 0 £ Uosneg 0 0 0 0 £ Uosnas
0 0 0 0 ¢ uosoag| (o 0 0 0 ¢ UOsDag) 0 0 0 0 g UOSDaS
0 0 0 0 L uosoeg| |0 0 (0] 0 | UOsoes 0 0 0 0 | UosDag
| [ PUDIUIS-N _ [PUD|UiS-3  TPUD|UIE-M 65/0102| [1RI0L PUDIUIY-N  |PUD|UH-3  [PUD|U4-M ¥$/0002 _U_o._. PUD|UH-N  |PUDIU4-3  |PUDIS-M 05/0661
‘D/Y "1eumo yse10} Aq e|ddoib Bujpppis SHNDIPAY PUD I0JoDY WD} Yjim IOM HOJSUDI] POOI-HO Ul SINOY BU}IOM JO JeqUNU [DNUUY
(2)9 xipueddy

92



Wood Procurement in the Pressure of Change

Acta Forestalia Fennica 248

LLE0L 0 £L801 0 IDjoL|  |€S0S8 [4%4%4 SOvé 91pZS 10§01 L208S TEBLE S61S L 0 IDjol
0 0 0 0 p Uosoas| 0 0 0 0 P UOSDS 0 0 0 0 ¥ UOsDSg
0 0 0 0 £ uosoas| 10 0 0 0 £ UOSD3g 0 0 0 0 £ UosSDag
LLE0L 0 L4801 0 z uosoes| (€508 [4%4%4 SOv6 9LreS ¢ Uosoeg LTOES [4%:74% G61G1L 0 ¢ UOSDES
0 0 0 0 | uosoas| [0 0 0 0 | UOSDes 0 0 0 (0] | Uospes
L 10401 PUD|UI4-N  [PUDjuU-3  |PUD|U-M 65/010Z] [io10L PUD|U-N _ [PUDJUH-3  [PUDIUIS-M ¥5/0002 10401 PUD|UI4-N  |PUDjUl4-3  [PUDIUY-M 05/0661L
m, "0/ ‘Buimold Uf s1noy BUDjoM JO Jequinu jonuuy
=
o
= 08946 0 €8202 L6TLL IDJOL|  |SLvel 0 SLv8l 0 1ojoL § 485 0 67862 T6259 [ldied |
oMu 0 0 0 0 y Uosoagl |0 0 0 0  UOSO8g 0 0 0 0 y UOSDSS
= 0 0 0 0 ¢ uosnasg( |0 0 0 0 € uosoeg 0 0 0 0 £ UOSDI§
oy 08946 0 £820¢ L6CLL ¢ uosoag|  [sivel 0 S8l . |0 ¢ UOsDas LY1€6 0 6786¢ 26089 g uosnes
£ 0 0 0 0 [uososs| [0 0 0 0 fuosoes| [0 0 0 0 | Uos085
MO 10§01 PUD|UII-N  |PUD|U-3  |PUDJUI3-M 65/0102 10401 PUD|UJ-N  |PUDJUH-  |PUDUI-M ¥5/0002 10§01 PUDU4-N  [PuUDUI4-3  |PUDIUIE-M 0S/0661
< “D/4 ‘BuipunouwJ Uy s:NoY Buppom Jo Jequinu [onuuy
s| (99 xipueddy
..bm_n
=
E
E
=
al
=N
L06SL1 66689 (74444 [424434 IojoL|  |Ov9LLL £8222 0L61Y L8EES |BjoL r9szoz L6119 SY90L TZL0L 10}0L
0 0 0 0 v uosoes| (0 0 0 0 p UOSDag 0 0 0 0 y UOSD&g
0 0 0 0 £ uosoas| |0 0 0 0 £ Uosnag 0 0 0 0 € UOsSDag
£06GL1 56689 QLYY [4344d ¢ UOSDaS ovoLLL £8¢CC 0L6LY LBEES g Uosnag Y9502 L6119 SYQ0L 22/0L g Uosoag
0 0 0 0 L Uosoe§| |0 Q 0 0 | UOSD3g 0 0 0 0 | UOsSDag
|D}OL PUOIUI4-N  {PUDIUH-]  |PUDIU-M 65/010Z| [IOjoL PUD|U4-N  [PUDUL-3  |PUDIUI-M ¥5/0002 1ojoL PUDIU4-N  [PUD|U4-3  [PUDIUIF-M 0S/0661
'D/y "BuiAjupds uj sinoy Dupyiom jO Jequinu jpnuuy
612292 0 vévié STLOLL ojoL 164842 veti9 T168L S6veci 0oL LZ0EVE LZ1Sé6 [44414 v8s9zZl |DjoL
0 0 0 0 y uosoes| |0 0 0 0 p UOSDSg 0 0 0 0 y Uosneg
0 0 0 0 £ uosoes| (0 0 0 0 £ Uosnag 0 0 0 0 £ UOSDag
4612292 0 vévLe GZLOLL ¢ Uosoes 16£8L2 v8eLQ 21682 SOV8E L Z Uosnag LT0EVE 12156 el v8s9cl ¢ Uosoeg
0 0 0 0 | UOsDSG| |0 Q 0 0 L UOsO8g 0 0 0 0 | UOsDag
|DjoL PUDjUIS-N  [PUDU4-J  [PUDIUIS-M 65/010Z| [Io40L PUDIUS-N  [PUDULH-]  |PUD|UH-M ¥5/000Z IDjoL PUD|UH-N  |PUDIUIS-3  |PUDUIS-M 05/066 1
‘0/Y ‘DeID Buyjie) ey} Buupejo uj sinoy BuppoMm jo Jequinu [Pnuuy
eSPSLSL 651625 re9siy 099495 1ojoL LYOSBEL 189E8t L1Z6LE [1dt44 ID§OL (X441} L69V8S L5219 980529 ivjoL
0 0 0 0 p Uosoes| (0 0 0 0 7 UOsDag 0 0 0 0 y UOSD8g
0 0 0 (9] £ uosoes| [0 o] 0 0 £ Uosnag 0 0 0 0 £ Uosoag
ESPSLSL 651625 vEI8LY 099495 g UOSDag £LY0S8EL 189£8¢€ /1T6LE 6v1229 ¢ UOSDag 9SeTZ81 L69V8S £/5219 980S29 Z Uosoeg
0 0 0 0 L uosoag| |0 0 0 0 | UOsDag 0 0 0 0 | UOsDag
__|Eo- PUDU-N  [PUDJU4-]  |PUDJU-M 65/0102 —_lﬂop PUD|UIH-N  JPUDUL -3 [PUDjUL-M $5/0002 I0joL PUD|U{-N  |PUD|U-3  |PUDIUIH-M 05/0661
"B/Y 'spupjs Buj|dos o Buluuiy} puo Buubejo uj sinoy Buppiom jo Jequinu [phuuy
8ETBOL 1] vevsy PSL6S ojoL|  [819E¥e V619 LIy LZ86EL |DjoL 0E9v0T 9096 062¥9 [du324d [d
0 0 0 0 y uosoag| (0 0 0 0 P Uosoag 0 0 0 0 p UOSD8g
0 0 0 0 ¢ uosoas) [0 0 0 0 £ UosDag 0 0 0 0 £ UOSD3S
geTedl 0 v8ray 7S L6S Z uosoes| {819Eve /619 L18LY £Z86€ L ¢ UosDag 0€9¥0T Q0006 06219 YOeyvy g UOSO3S
_-F 0 [0} Q | UOsoeg) 0 0 (o] (0] | Uospag) 0 0 0 (o] | Uosnag
10j01 PUD|Ui4-N  [PUDjUl{-T  |PUDULY-M 65/0102| [Io40L PUD|U-N  [PUD|UIY-3  JPUDJUI3-M ¥5/0002 |DjoL PUD|UI{-N  [PUD|UI{-  [PUDIUI-M 05/0661
"D/Y OM Bulpees joel|p u| sinoy Bupiiom Jo jequunu jonuuy
619994 0 LVISLE TLYLSY ojo1]  [es61sé S£880C 608142 69ZLLY oL Z1€9401 BLIETE 6881V SYLVES oioL
0 0 0 0 p uosbagf |0 0 0 0 ¥ UOSD8S 0 0 0 0 p UOSO3S
0 0 0 0 £ Uosoagl 10 0 0 0 £ UosDag 0 0 0 0 £ UOSDos
619994 0 Ly ISLE oLy ISP ¢ UOSDBG|  |€56156 GL8802 60812 [24vd4 ¢ UOSDag CT1E9£01 8/9€C8 6884117 SrLVES  uosoes
0 0 0 0 L Uospeg| |0 0 0 0 | UOSDBg 0 0 0 0 | uosoeg
0|01 PUD|U4-N  [PUDUl-J  JPUDUI-M 65/0102| [I°40L PUD|U{-N  [PUD(UIS-3  JOUDIUI-M ¥$/0002 10jol PUD|U4-N  |PuDjuly-3  |PUDIUIY-M 05/0661
/Y yiom Buyupid uj sinoy Buppom jo lequinu [onuuy
(?)9 xipueddy

94



Acta Forestalia Fennica 248

1995

96

WOOD PROCUREMENT 2000 -project
Alanne & Rummukainen 14.6.1991
According Makela (1986) Cost calculation of forest machines.

CALCULATION OF MACHINE COST

Identification data
Recorder Arto Rummukainen
Date 25.2.1993

Base machine
Make and model

Equipment 1
Make and model

Equipment 2
Make and model

10-tonne one-grip harvester
Work time 1.5 shifts, 12.8 h/d.

Base machine: purchase price, amortization prices and -times

Appendix 7. 3(1)

-base machine 1500000 FIM
-accessories 85000 FIM
Machine price 1585000 FIM
Machine life, hours 11500 h 11500 h
Machine life, years 52a
Depreciation 27 %la Scrap value 19.37 %
Scrap value 307057 FIM
Amortized value 1277943 FIM
Average bound capital 907547.91 FIM
Installment of base machine 245038 FIM/a
Interest of instaliment 14 % 127057 FIM/a
Working time and amount
Number of w.shifts/day 1 shift 1.5 shifts 2 shifts Total Workdays
months 41 6.0 10.1 345 days/a
hours/shift 8.0 8.0
Work place time (wpt) 21.4 days/montl 2756 h/a
Gross effective time (% wpt) 80 % 2205 h/a
Service and rep. time (% wpt) 13 %
Moving time (% wpt) 7%
Percentace of delays shorter than 15 min m3/a m3/h
%-of gross effective time 10 % Productivity 27057 123
Fuel consumption 10 dm3/h
Qil consumption 1.9 dm3/h
Hydraulic oil consumption 0.9 dm3/h
Wages and compensations  FIM/h h/a
Piece work wage 49.68 2205 109547 FIM/a
Hourly wage 39.75 428 17026 FIM/a
Shift work extras 27 811 2190 FIM/a
Cold service extras 1,9 319 606 FIM/a
Dirty work extras 17 491 834 FIM/a
Wage extras total 3630 FIM/a
Frince benefits 67.92 % 88434 FIM/a
Travelling distance 24118 km/a 70 FIM/d
-compensation 1.28 FIM/km 30871 FIM/a
Field work time 17 d/a
-compensation 435 FIM/d 7395 FIM/a

Rummukainen, A., Alanne, H. & Mikkonen, E.

Wood Procurement in the Pressure of Change

Base machine: Fuel, oil and maintenance costs

Fuel costs
Oil costs
Hydraulic oil costs
Repair and service cost
either
or
Qil costs total

Repair and service costs total

Insurance, tax and overhead costs

Fire insurance
Traffic insurance

Accidents and damages ins.

Insurance total

Average working capital
interest of work.capital
Interest of working capital

Business driving distance
-compensation

Overhead costs
Profit fot the enterprise

Moving cost of the machine
Basic compensation
Tracks removing compens.
Moving distance

Moving time

Mov. compensation

Mov. compensation
Moving compensation total

1.7 FIM/dm3
9.2 FIM/dm3
6.4 FIM/dm3

Appendix 7. 3(2)

37486 FIM/a
38544 FIM/a
12701 FIM/a

% of purchase price

144403 FIM/a

52000 FIM/a
14 %

3608 km/a
1.4 FIM/km

5%

227 FIM/turn
115 FIM/turn
30 km, of whic
3h
9.15 FIM/km

18.42 FIM/km

144403 FIM/a
88731 FIM/a
144403 FIM/a

11250 FIM/a
2300 FIM/a

450 FiM/a
14000 FIM/a

7280 FIM/a

5051 FIM/a

20000 FIM/a

45423 FIM/a

600 m3 average size of a stand

37 km compensated.

184.15 FIM/h
35530 FIM/a
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TABLE OF RESULTS
Machine

Equipment 1
Equipment 2

Year production

WAGE COSTS

Piece rate wage

Hourly wage

Extras

Fringe benefits
Travelling compensation
Fieldwork compensation
TOTAL

CAPITAL COSTS OF MACHINE
Base machine
Installment
Interest costs
TOTAL
Equipment 1
Installment
Interest costs
TOTAL
Equipment 2
Installment
Interest costs
TOTAL

GRAND TOTAL

25.2.1983

Arto Rummukainen

10-tonne one-grip harvester

27507 m3

FIM/a
109547
17206
3630
88434
30871
7395
256903 FIM/a
26.0 %

FIM/a
245038
127057
372095

372095 FIM/a
376 %

FUEL AND MAINTENANCE COSTS

Base machine

Fuel and oil costs
Repair and service costs
TOTAL

Equipment 1

Fuel and oil costs
Repair and service costs
TOTAL

Equipment 2

Fuel and oil costs
Repair and service costs
TOTAL

GRAND TOTAL

OVERHEAD COSTS
Insurance

Overhead costs
Business driving costs
Working capital costs
Profit

Moving costs

TOTAL

GRAND TOTAL

FIM/a
88731
144403
233134

233134 FIM/a
23.6 %
FIM/a
14000
20000
5051
7280
45423
35530
127285 FIM/a
129 %
989416 FIM/a
100 %

Gr. effective time

FIM/n
49.68
7.72
1.65
40.10
14.00
3.35
116.51 FIM/h

FIM/h
111.13
57.62
168.75

168,75 FIM/h

FIM/h
40.24
65.49

105.73

105.73 FIM/h

FIM/h

6,35
9.07
2.29
3.30

20.60

16.11

57.72 FIM/h

448.70 FIM/h

Appendix 7. 3(3)

2205 h

FIM/m3

4.05
0.63
0.13
3.27
1.14
0.27
9.49 FIM/m3

FIM/m3

9.06
4.70
13.75

13.75 FIM/m3

FIM/m3

3.28
5.34
8.62

8.62 FIM/m3

FIM/m3

0.52
0.74
0.19
0.27
1.68
1.31
4.70 FIM/m3

36.57 FIM/m3
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