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1. INTRODUCTION

11. Study problem

As viewed from the firm, wood procure-
ment begins with wood purchasing and ends
with delivery of the wood to the mill. Mill-
yard handling and inventories can also be
held as a part of wood procurement. Wood
can be purchased as standing trees, at road-
side or delivered to the mill. When viewed by
a Finnish firm, the wood procurement
courses of action open to it are shown in Fig.
1. The courses of action open to the forest
owner, whether State or private, are pre-
sented in Fig. 2. Calculating from forestry
statistics published monthly by the Finnish
Forest Research Institute, the distributions of
industrial cuttings during the 1982—83 and
1983—84 harvesting years were as follows:

1982-83 198384
Private forests
— stumpage sales 52.8 % 50.3 %
— delivery sales 26.2 % 26.7 %
Company forests 9.0 % 10.0 %
State forests 12.0 % 13.0 %

Almost all wood harvested from State
forests was by the delivery sale method; 95 %
during 1982 and 1983. The distribution of
sale methods and sources, particularly deliv-
ery sales from private forests, has a direct
effect on the difficulty of wood procurement
planning. As the share of delivery sales from
private forests increases, planning in wood
procurement becomes more difficult due to
the more seasonal nature of cuttings and the
smaller wood volumes per sale.

Wood procurement is subject to seasonal
and multi-year cyclical variations, combined
with developments in the forest industry,
transport systems, harvesting techniques and
the forest itself. The problem is further aggre-
vated in Finland since there are many differ-
ent wood purchasers with plants at many
locations competing for the same wood and a
very large number of wood sellers. If only

private forest owners are taken into account,
there are about 311 000 forest holdings and
the average size is about 33 ha (Yearbook of
Forest Statistics 1984). As apparent from Fig.
1 and 2 there are also a wide range of long-
distance transport choices available in the
Saimaa area. The complexity of the problem
makes decision-making in wood procurement
and particularly in regard to this thesis, long-
distance transport, very difficult. Although
this thesis deals with the problem of long-
distance transport decision-making, the prob-
lem outlined above can also be referred to as
a part of the logistics problem in the forest
industry.

Himanen (1981) defines logistics for a firm
as the arriving, internal and leaving flows of
materials and the associated information
flows in planning and control. It also includes
the physical movement of goods from raw
material suppliers, through raw material
storages, processing and finished product
storages, to the consumer. The objective in
logistics is to get the required raw materials,
half-finished and finished products to the de-
sired locations at the right time so that from
the point of view of a firm, the best possible
economic benefit ratio is obtained. Similarly,
the objective of long-distance transport deci-
sion-making in a firm, should be to strive for
the best overall economy of the firm.

A decision-maker can easily underestimate
the importance of the cost or effect of long-
distance transport on overall production
costs, since its direct cost appears to account
for only a small percentage of the final pro-
duct price. For example, calculating from two
examples given by Lallukka (1983), the
shares of long-distance transport cost of final
product price for sawn goods and sulphate
pulp are 5.4 % and 7.4 %, respectively. In
the Saimaa area long-distance transport ac-
counts for 13 to 24 % of the cost of round-
wood delivered to the mill, depending on the
wood assortment in question. However, it is a
vital part of wood procurement in which sav-
ings can be made or severe losses incurred.
Himanen (1981) states that a greater return
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Fig. 1. Wood procurement courses of action open to a wood purchaser in Finland.

Kuva 1. Puun ostajan vaihtoehdot puunhankinnassa.

can be earned on money invested in logistics
systems rationalization, than on production
systems rationalization.

Finland is very dependent on the export of
forest products, but due to competition on
world markets, a firm is quite limited if trying
to increase the selling price of its goods (Roit-
to 1975, Simula 1983). Also, regional stump-
age prices prevail in Finland, resulting
mainly from stumpage agreements negotiated

between forest industry and wood sellers’ as-
sociations (Roitto 1975). Thus, at least in the
short-term, a firm is faced with more or less
fixed prices for its products and fixed stump-
ages for its wood raw material. Due to the
above, a Finnish firm must strive to remain
competitive through cost savings in its own
wood procurement organization and by
obtaining the best possible return on money
invested in wood through efficient mill pro-

tehdasvarasto

!

Mill - tehdas

Fig. 2. Courses of action open to a wood seller in F'
Kuva 2. Puun myyjan toimitusvaihtoehdot.

cesses and production of high value products.
Also, long-distance transport acts as the in-
terface between the operations in the forest
and at the mill. As a result, the importance of
long-distance transport on the overall
economy of a firm is much greater than would
be apparent from its share of final product
price. In addition, all phases of wood pro-
curement, as well as their effect on the final
product yield, must be accounted for in any
long-distance transport policy of a firm.

On the other hand, it is expected that a
wood seller generally wants to obtain the
highest possible stumpage or delivery price
for his wood. Thus, if profit maximization

inland.

(i.e. stumpage maximization) is the goal of
the forest owner and he is selling by the
delivery sale method at the mill or roadside,
he would be expected to strive for long-dis-
tance transport cost and/or extraction cost
minimization. The State on the other hand
must take into account the well-being of the
national economy. Taking the above factors
into account, the objective set for long-dis-
tance transport decision-making in the study,
was to strive to minimize the cost of wood
procurement in an ever-changing and com-
plex environment, while also accounting for
its impact on wood processing costs and pro-
duct yield.
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12. Study objectives and outline

The major objective of the study was to
develop a method which could be used in
solving transport problems and in formula-
ting transport policies in an ever-changing
and complex environment. The other objec-
tive of the study was to use the method to
study the competitiveness and search for
possible areas for rationalization of the water
transport system in the Saimaa area in par-
ticular and long-distance transport in the
area in general. The method was applied to
the following problem types:

1
2

) wood procurement variation
)

3) terminal density vs average dirichlet pavement area
)

terminal dirichlet tessellations

4) wood processing centre/point dirichlet tessellations

5) stumpage vs terminal, mill and north/south prox-
imity

6) transport method competitiveness

7) cost-benefit analysis

Rationalization is defined as orderly and
continuous development meant to increase
productivity and/or make work more mean-
ingful (Hakkarainen 1978). It is achieved
through scientific and technical means.
Rationalization helps to keep pace with de-
velopment, adapt to changes in the environ-
ment and results in orderly development of
operations (Hakkarainen 1978).

To obtain a complete view of the long-
distance transport decision-making environ-
ment, the wood procurement environment in
the Saimaa area and factors which must be
accounted for in long-distance transport deci-
sion-making are dealt with in section 2. Sec-
tion 3. deals with operations research, data-
base management systems and geographic
information systems as managerial aids in
forestry planning. Although they are dealt
with separately, they can be used in conjunc-
tion with each other.

Due to the complexity of the long-distance
transport problem outlined in section 11., no
single managerial aid could be found which
would give a complete view of the situation,
and be an economical and reliable aid in
solving long-distance transport problems in
the area. Thus, a spatial database of the
transportation environment in the area was
formed and heuristic programming models

developed. The data and models used in the
system were verified and validated to ensure
they were applicable for examination of wood
transport in the area. These stages are out-
lined in section 4. The spatial database —
heuristic programming system was used as an
aid to achieve the other objective of the study
outlined above. The problem types listed
above were studied and are presented in sec-
tion 5. The results can also be used as a tool
to stimulate further discussion about the
transport system in the area and thus search
for additional areas in which to focus
rationalization. It must be remembered that
the spatial database — heuristic programming
system is not an optimization tool, as for
example mathematical programming is. The
system only employs simple mathematics,
Boolean combinations and heuristic deduc-
tions. Also, although this study is focused
mainly on bundle floating, road and railway
transport were dealt with objectively when
developing the spatial database — heuristic
programming system. Section 6. deals with
possible further improvements, other uses
and limitations of the system.

13. Scope

Long-distance transport is limited in the
study to cover the transport of wood raw
material from the forest, at roadside, to its
place of utilization. It includes all possible
combinations of transport methods irrespec-
tive of the distance, and includes all terminal
operations and intermediate storages. Ex-
tended primary transport from the forest to a
long-distance transport terminal or directly
to the mill is also held as long-distance trans-
port. Extended primary transport encom-
passes transport by forest or agricultural trac-
tor from roadside directly following forest
(primary) transport: i.e. after forest transport
the wood is not piled down at roadside but is
transported directly to a terminal or the desti-
nation by the same vehicle. Long-distance
transport can also include the transport of
finished products to the market, however as
apparent from above, it is not included in the
study. The possible choices of long-distance
transport methods available in the Saimaa
area are also presented in Fig. 1 and 2. In the

Fig. 3. Wood procurement areas in Finland and the
watersheds forming the Saimaa area.

Kuva 3. Puunhankinta-alueet Suomessa ja vesistot Saimaan
alueella.

study initial transport to the water or railway
network and terminal operations are included
in water and railway transport. Bundle float-
ing is the only water transport method which
is included in the spatial database — heuristic
programming system. Although the use of
pushed or self-propelled barges is possible,
they are not dealt with directly. Free-floating
is not dealt with since its use on any scale has
been discontinued in southern Finland. A
transport network is defined to include only
the actual transport routes. A transport sys-
tem on the other hand is defined as the
network and all additional infrastructure re-
quired: e.q. dispatch and destination termi-
nals.

The study is limited to the Vuoksi, Jénis
River, Kitee River — Tohma River and Hiito-
la River watersheds, and is referred to as the

11

Saimaa area. The Saimaa area is very similar
to the Saimaa wood procurement area, with
the exception that the latter follows munici-
pal and not watershed boundaries (Fig. 3).
The total area of the Saimaa area is 56 075
km? (Seuna 1971), while that of the Saimaa
wood procurement area is 56 490 km?. Since
the areas are similar, wood procurement in-
formation for the Saimaa wood procurement
area is assumed to be more or less the same
for the Saimaa area. Also, since the Saimaa
wood procurement area is also known as East
Finland, it will be referred to as East Finland
in the remainder of this thesis to avoid confu-
sion between it and the Saimaa area.

In the thesis only pertinent information, in
regard to the study, about operations re-
search, database management systems and
geographic information systems are pre-
sented; otherwise the reader is referred to
textbooks of the above subjects. All costs in
this thesis, unless otherwise stated, are 1983
costs. The spatial database — heuristic pro-
gramming system developed in this study is a
prototype and in its present form it is not
intended to be a commercially available man-
agerial aid. Also, the system developed is not
designed to solve the entire logistics problem
of a forest products firm; only to give reliable
information in regard to long-distance trans-
port. It is therefore meant to complement
existing information and managerial aids for
solving the overall logistics problem.

14. Data

Data employed in this study were from
many sources. Cost and water transport sys-
tem data were from floating associations, pri-
vate companies in the area, the Finnish Float-
ers’ Association, the Saimaa Boat Traffic En-
trepreneurs’ Association and the National
Board of Forestry. Data pertaining to railway
transport were from the National Board of
Railways. Stumpage, forest inventory, trans-
port, wood consumption, and monthly felling
and workforce statistics were from the Finn-
ish Forest Research Institute. Data on mill
requirements and locations were from the
Central Association of Finnish Forest Indus-
tries, Finnish Sawmill Owners’ Association,
Finnish Sawmills, district planning boards
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and the National Board of Forestry. Geog-
raphical data of municipalities were from the
National Board of Survey. Basic data for the
spatial database were from special edition
1:200 000 scale maps of State forests, printed
by the National Board of Survey. Costs for

truck, tractor and railway transport were
from tariff tables published for 1983. Current
data about wood transport and harvesting
were also obtained from Metsiateho (the
Forest Work Study Section of the Central
Association of Finnish Forest Industries).

Table 1. Volumes of wood delivered to mills in East Finland by wood assortments (includes imported wood).

Taulukko 1. Tehtaalle toimitetut puumadarat Iti-Suomessa puutavaralajeittain (sisiltda mys tuontipuun).
Year Mill delivered wood volume ~ toimitetut puumaarit
wuasi (1000) m*
Softwood logs ~ Hardwood logs ~ Other softwood  Other hardwood  Forest chips Industrial residue  Total
jared havupuu Jared lehtipuu muu havupuu muu lehtipuu hak s vhteensa
1982 3882 692 2 966 1967 791 1323 11 621
1981 4130 805 3293 2618 192 1186 12 224
1980 5063 834 3422 2449 39 1 699 13 506
1979 4 800 684 2 896 2170 37 1319 11 906
volume of imported wood in 1982 — tuontipuun mdaird vuonna 1982, 1.296 M(m’)
(Yearbook of Forest Statistics 1981, 1982, 1983, 1984)
Number -"] Long-distance
kol 9 transport -
s laukokulje- ( 1397,
o IR % 7
74 Extraction- 6% |
re ¢ ko 1 2%Vl na b
\
. \| 20% |, '
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Fig. 5. Average composition of wood costs by wood
assortments delivered to the mill in the Saimaa area.
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2. DECISION-MAKING ENVIRONMENT AND FACTORS

21. Wood procurement environment
211. Wood processing industry

The wood industry in the area ranges from small
portable sawmills using a few hundred m* of wood for
domestic use, to large integrated wood processing com-
plexes capable of using in excess of 2 M(m®)/a. If saw-
mills using in excess of 5 000 m*/a are only accounted for,
40 sawmills were found to be operating in the area in
1983. However, it is possible that some small sawmills
using in excess of 5 000 m* were not accounted for: i.e. no
information of their existence was available from any of
the sources. There were also 19 wood-based panel mills
(plywood 13, chipboard 5, particle board 1) and 10 pulp
and/or paper mills in operation in the area. Wood pro-
cessing mill locations are shown in Fig. 6 (p. 16). In all,
there were 37 separate wood processing centres/points
requiring various volumes of wood. Wood volumes used
by the forest industry in East Finland during 1979 to
1982 are shown in Table 1. Fig. 4 presents a histogram
showing the distribution of wood processing centres/
points by wood volume requirements (roundwood and
forest chips) during a good' year. We can see that the
majority (57 %) of the centes/points require less than
100 000 m*/a. The mills in the Saimaa area account for
about 25 % of industrial wood consumption in Finland.
Total annual consumption of industrial roundwood and
forest chips during a good year is slightly greater than 13
M(m®). Mill residues are also used to a large extent but
their transport was not included in the study. Many
other firms procure wood in the area in addition to the
firms with mills in the area. Aarne (1981) gives the
following data for the number of buyers of industrial
roundwood in 1979 for the five major forestry board
districts in the area: Southern Savo 72, Southern Karelia
65, Eastern Savo 42, Northern Karelia 57 and Northern
Savo 51.

212. Wood procurement characteristics
The total land area in the Saimaa area is 44 580 km?

and the lake coverage is 20.5 % (Seuna 1971). From the
7th national forest inventory (Kuusela and Salminen

' Sum of wood use for individual mills based on max-
imum raw wood consumption during 1980 to 1982.

1983, Yearbook of Forest Statistics 1984), the annual
allowable drain for the area can be estimated to be about
15 M(m®). Total drain (commercial cuttings, fuelwood
cuttings, domestic use, export, logging residues, floating
losses and mortality) in East Finland during 1981 was
13.88 M(m®) (Huttunen 1983).

In Finland, 98 % of the volume logged is by the
shortwood method (Salminen 1983). In the shortwood
method the various wood assortments are cut in the
stump area and in most cases a forwarder is used for
forest transport. The use of agricultural tractors is more
or less restricted to farmers who harvest their own wood
and sell by the delivery sale method. Forwarders account
for about 88 % of forest transport, while agricultural
tractors and skidders account for about 10 % and 2 %,
respectively (Vesikallio 1981). At the end of 1981 about
20 % of the annual volume harvested by companies and
the State was by mechanized means; about 16 % of the
total harvested volume (Vesikallio 1981). Due to the
extraction methods in use, wood at roadside is more or
less always found as wood assortments cut to lengths,
with pulpwood and logs piled separately by species.

The average composition of wood costs by wood as-
sortments delivered to the mill in East Finland is pre-
sented in Fig. 5. Stumpage forms the major part of the
wood cost at the mill for logs, while extraction and long-
distance transport form the major part for pulpwood.
Average township stumpages from Rauskala (1984),
were used to calculate the following average stumpages
(weighted by township area) for the area during the
1982—83 harvesting year:

- pine logs - 160.91 FIM/m*
— spruce logs <5l 3L.84. o0
— hardwood logs ~153.45, .
~ pine pulpwood - 7852 7
— spruce pulpwood - 7801 , *
— harwood pulpwood ~-..6046,..~

213. Long-distance transport

Table 2 presents the volumes delivered to mills in East
Finland from 1972 to 1982. As can be seen, the variations
in the volume of wood delivered to mills in the area has
fluctuated quite widely during the past years. This is due
to market conditions, with cycle peaks occurring during
1974 and 1980. The largest change between successive
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Table 2. Volumes of wood delivered to mills by transport method: includes roundwood, forest chips, industrial

residues and imported wood.

Taulukko 2. Tehtaalle toi puumddrat kulj ittain: sisaltaa koti- ja ulkomaisen raaka- ja jatepuun.

.

Year — vuosi

Transport method — kuljetustapa

Tractor ~ traktori Truck — auto Railway — rautatie Water — vesi Total — yhteensa

1000m® % 1000 m* % 1000 m* % 1000 m* % 1000m* %
1982 2 0 5618 48 1617 14 4384 38 11621 100
1981 3 0 6202 51 1742 14 4277 35 12224 100
1980 31 0 6689 50 2 264 17 4522 33 13506 100
1979 25 0 5685 48 1764 15 4432 37 11906 100
1978 26 0 4406 47 1155 12 3896 41 9483 100
1977 35 0 4004 40 1663 16 4430 44 10 132 100
1976 43 0 3368 35 2338 24 3899 41 9648 100
1975 79 1 3413 35 2066 21 4246 43 9804 100
1974 122 1 8306 52 2623 17 4778 30 15829 100
1973 259 2 4880 42 1 447 13 4896 43 11482 100
1972 210 2 3936 41 915 10 4514 47 9581 100
X 78 5137 1781 4389 11383
s(+/=) 86 1534 513 310 1981
CvV 110 30 29 7 17

(Yearbook of Forest Statistics 1974a, 1974b, 1975, 1976, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984)

years occurred between 1974 and 1975; a reduction of 6
M(m® or 38 % from the volume delivered during the
preceding year. The coefficient of variation (CV) for the
whole period is 17 %. Also apparent is that the volume
delivered by tractor has decreased steadily and is more or
less insignificant in the area today. The volume delivered
by water transport has remained fairly steady and the
annual variations in total wood requirements have not
had too much effect; the CV is only 7 %. The volume
delivered by railway has varied widely and this is due to
the combined effect of annual wood requirement varia-
tions and tariff policies; if the tariff schedule overly
increases wood is easily transferred to truck transport.
Truck transport seems to be the method which is the
most susceptible to wood requirement variations.

The average transport distances and average direct
transport costs for the long-distance transport methods
available are presented in Table 3. The values given in
Table 3 do not include initial transport to railway or
water transport terminals. The per cent and absolute
cost increases in average direct transport costs from 1972
to 1982 are as follows:

— tractor 18.2 %/a 116.4 p/(m® - km)
— truck 10,9 2. 22,8 d
- railway B EL N 6.9 <2
— water bl o 4.8 3

— wholesale price index 128 7

When transport distance is also accounted for we
obtain the transport output. Since the average transport
distance is longer for both water and railway transport,
their share of transport output is larger than for mill
delivered volume. During 1982, the shares of transport
output for truck, railway and water transport in the area
can be calculated to be 23 %, 22 % and 55 %, respective-
ly. For the country as a whole the corresponding values
were 46 %, 21 % and 33 % (Laajalahti and Pennanen
1983).

Mikkonen (1984) found that tractor transport was
competitive with truck transport for distances less than 2
km if an entire truck-trailer load could be loaded direct
(i.e. shuttle loading not required). If a trailer cannot be
used then the distance is increased to about 7 to 13 km
depending on whether the wood is transported to a
dumping terminal or directly to the mill (Mikkonen
1984). Similarly, when a truck-trailer unit could be used
and the loading site class was 2, it was found that with
1983 costs extended primary transport by tractor was
only competitive up to distances of 4.5 to 8.0 km, depend-
ing on the wood assortment and destination (e.g. mill,
railway terminal with or without stationary crane,
dumping terminal) in question. Vesikallio and Salminen
1978) state that in Finland on the average, the transport
of logs by truck transport and bundle floating compete
with one another over distances of 90 to 200 km, after
which floating is cheapest in all cases. For pulpwood the

it

Table 3. Average long-distance transport distances and average direct transport costs in Finland.
Taulukko 3. Keskimdiriiset kaukokuljetusmatkat ja vilittimt kuljetuskustannukset Suomessa.

Year - wuosi Tractor ~ traktorilla Truck - autolla Railway — rautateitse Water — vesitse
km  p/(m*km) km  p/(m*km) km  p/(m*km) km  p/(m*km)
1982 10 143.2 74 35.3 297 10.4 226 7.2
1981 13 101.7 75 34.2 289 9.7 249 6.5
1980 17 64.2 81 26.1 225 10.1 253 6.6
1979 14 75:5 84 23.0 246 9.0 236 5.0
1978 21 51.3 88 19.7 248 74 239 4.5
1977 16 48.7 81 20.2 250 72 231 4.
1976 19 61.1 82 19.5 232 6.9 249 4.3
1975 16 66.2 72 19.8 178 7.3 243 4.2
1974 17 46.3 71 16.9 174 5.6 205 2.8
1973 18 34.8 67 14.0 237 36 211 2.8
1972 22 26.8 64 12,5 214 3.5 209 2.4

(Yearbook of Forest Statistics 1974a, 1974b, 1975, 1976, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984)

corresponding distances are 60 to 120 km, after which
floating is cheapest. Vesikallio and Salminen (1978) also
state that railway transport is only competitive with
truck transport once a distance of 200 km is reached and
is not competitive with bundle floating if both methods
can be used.

In the Saimaa area, railway transport is not used to as
great an extent as truck or water transport to delivery
wood harvested in the area to mills in the area. Of wood
delivered by railway to mills in the area during 1980 to
1982, 25.3 % was imported wood (mainly from the
Soviet Union) and 30.1 % was from other watershed
areas (section 53., p. 56). Similarly, of wood dispatched
from railway terminals in the area during the same
period, the majority (63.8 %) was transported to mills
outside the Saimaa area. This was mainly to mills in the
southern part of the Kymi River watershed and on the
coast of the Gulf of Finland; 55.0 % of the volume
dispatched to terminals outside the area. Internally dis-
patched and delivered wood by railway was generally
between areas where floating was not possible or a poor
floating wood assortment was in question.

214. Long-distance transport system

In water and railway transport initial road transport
by truck or tractor is required in almost all cases. In the
Saimaa area the minimum average road distance to an
active water transport terminal was 25 km, while to an
active railway terminal it was 26 km. There were 88
water transport and 99 railway transport terminals ser-
vicing the area. However, during 1980 to 1982 only 86 of
the water transport terminals were in continuous use.

Also, only 82 of the railway terminals were in use. Fig. 6,
7 and 8 present road, water and railway transport net-
works and terminals available.

Inland waterway channels are classified into four
classes:

— Is deep channels depth = 4.2 m
— II's main channels 2.4 m < depth < 4.2m
— III's side channels depth < 2.4 m

— IV s floating channels specified under floating regula-
tions for each watershed but unmarked on in-
land waterway maps

The shallowest marked channel can be held to be 1.2
m in most cases. All channels have a 0.6 m safety margin,
which can be added to the above values to get the actual
channel depth. The channel depth in inland waterways is
measured from the lowest water level during the naviga-
tion season (NW,,). The minimum water depth re-
quired in bundle floating is 3.0 m. However, a depth of
2.5 m is generally sufficient in the upper reaches of the
waterway. Table 4 presents waterway channel statistics
for all of Finland. Of marked inland channels, 48 % lie in
the Saimaa area, while the corresponding value for all
inland channels is 35 %. The distribution of channels by
classes in the Saimaa area is as follows (Viy-
latilasto . . . 1979):

-Is (=242m) 755.4 km
- IIs (24—4.1m) 1123.1 km
~ III's (0-2.3m) 1063.7 km
- total marked channels 2915.2 km
~IVs (Om-) 317.9 km
- total channel length 3233.1 km
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Table 4. Waterway channel lengths in inland and coastal
waters in Finland by channel classes.
Taulukko 4. Sisavesi- ja rannikkovaylien pituudet.

Channel - viyla Channel class Length
viyliluokka pitus, km

Inland waterway Is - I1Is 6 069

sisavesivaylat

Inland waterway Vs 3110

sisavesivaylat

Coastal waterway Im - VIm 6 465

rannikkovaylat

All channels marked 12 534

kaikki vaylat merkityt vaylat

all classes 15 644
kaikki luokat

(Vaylatilasto . . . 1979)

Fig. 6. Major road network and mill locations in the
Saimaa area.
Kuva 6. Pddtiet ja tehtaiden sijainti Sai Iueell

The total length of mainline railway servicing the area,
determined from the railway information matrix, is
about 1 400 km. From township public road information
(Road and waterway . . . 1983) the length of public roads
in East Finland in 1982 can be calculated to be 14 531
km. Unfortunately, an accurate estimate of the length of
private roads in Finland today is lacking. Wiiala (1962)
estimated that there were 375 000 km of private roads in
Finland in 1961. If we add to this forest roads built since
1961 (about 75 000 km), we obtain a private road esti-
mate of 450 000 km. If we assume that about 20 % of
private roads have been built in the Saimaa area, since
about 20 % of public roads lie in the area, we can
estimate that the total road length is about 105 000 km.
This gives us a road density of 23 m/ha. Wiiala (1962)
stated that the average road density in Finland in 1961
varied from 10 to 30 m/ha, with public roads forming 10
to 15 % of all roads. Calculated from above we get the
share of public roads in the area to be 12.6 %. From the
above we can see that the area is well serviced by all
three long-distance transport methods.

¥ S T

I

B

Fig. 7. Water transport channels, terminals and transfer
facilities in the Saimaa area.
Kuva 7. Vesikuljetusviylat, terminaalit ja siirtolaitokset Sai

alueella.

Fig. 8. Railway network and terminals in the Saimaa

area.
Kuva 8. Rautatieverkosto ja terminaalit Sai

22. Factors affecting long-distance trans-
port policy

221. Business economic factors

When choosing the most appropriate transport policy,
a firm should strive to achieve the best overall economic
result over the long-term. The inventory policy has a
direct effect on the transport methods applicable. For
example, if a firm wants to take a large risk of running
out of wood, but keep holding costs at a minimum, it
would choose minimum inventories and thus hot-logging
techniques; for which road transport is most appropriate.
In any decision on the most appropriate inventory the
following factors must be accounted for:
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1) holding costs — i) interest cost
— ii) storage cost
— iii) handling cost
) insurance cost
- v) depreciation/deterioration cost

) set-up costs or ordering costs
) shortage or penalty costs
4) production costs and purchase prices
) demand
)

lead-time (e.g. for raw materials the period between
order and arrival)

As apparent from the above list, interest cost only
forms one of the many factors which would affect inven-
tory policy. However, when the minimization of interest
cost forms a high priority then minimum inventories and
hot-logging techniques are favoured. As will become
apparent, hot-logging techniques are only applicable
when we have certainty in wood procurement. The busi-
ness economic factors which should be accounted for
when choosing a long-distance transport policy are as
follows:

—

availability of wood for purchasing

harvesting schedule (i.e. availability of wood at road-
side)

harvesting methods in use and costs

direct transport costs

time required for transport of wood from forest to mill

technical factors in regard to presence of suitable
transport routes and effect on wood quality

7) wood holding costs (includes deterioriation cost also)
8) dependability and service provided by each method
9) wood demand at the mill

&

&Y

6

Since private forests form the major source of wood
used by the forest industry, the timing when wood be-
comes available is an important factor. Wood sales do
not occur uniformly throughout the year. For example,
during the 1982—83 havesting year 71 % of the objective
for stand marking for cutting was reached by the begin-
ning of February (Tehotoimilla ... 1983). Since stand
marking generally begins in earnest in the fall, we can see
that the majority of markings occur over a relatively
short period. In addition to the above it is difficult to
predict how wood sales will develop from one harvesting
year to the next. This has been the case lately where the
industry requirements have been larger than the volume
of wood coming up for sale. Wood shortages at the mill
have become an acute problem at many Finnish mills
today. Mills which have resorted to minimal inventories
are the ones most susceptible to wood shortages; exclud-
ing mills with small wood requirements. Mills which still
employ water transport are able to keep larger inven-
tories and thus have been able to draw on wood stored in
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water storages. Living hand to mouth also results in
transport without regard to cost, since wood must be
transported directly to the mill once it becomes available.

Although in past years there has been an attempt to
schedule harvesting operations uniformly throughout the
year, 64 % of commercial cuttings still occurred during
November to April in the 1983-84 harvesting year: i.e.
during the winter season. During the 1982-83 harvesting
year the corresponding value was 68 % (Table 7, p. 50).
The spring break-up period in April-May also has its
effect on the uniform supply of wood from roadside (Fig.
9). The share of delivery sales from private forests of all
industrial wood cuttings has increased to 26.7 %, from a
low of 16.8 % in the 198081 harvesting year. With the
increase in delivery sales from private forest, it appears
that variations in wood procurement have also increased
(section 52., p. 49). Also, there are more widely dispersed
(i.e. smaller) wood storages at roadside. The average
volumes sold by sale method from private forests in the
1982-83 harvesting season were as follows: delivery sales
76.5 m*/sale and stumpage sales 352 m*/sale (Rauskala
1984). Also, wood must not be stored in the forest during
late spring and summer. This is due to insect damage
directly to the wood and to surrounding stands, as well as
damage due to blue stain fungi.

The harvesting methods in use also have an effect. All
solutions in wood procurement should fit into the entire
chain and not cause unreasonable cost elsewhere. In
most cases transport forms a service function and must
meet the demands imposed upon it by the wood assort-
ments required at the mill and the conditions prevalent
at the forest end. Seldom is wood harvested in a form to
minimize only transport costs.

Due to the many factors mentioned above, the trans-
port method giving the lowest direct cost is not always
the one chosen. However, direct cost forms one of the
basic criteria in transport method choice. The direct cost
of truck transport to the mill is straight-forward; we have
costs of loading, transport to mill and mill receiving.
When dealing with railway or water transport we have
many additional cost components. In both methods we
have the additional cost of transport from the forest to

the terminal, as well as terminal operational and mainte-
nance costs. In bundle floating we also have the addition-
al costs of bundle bindings, bundling and raft formation.

In bundle floating 40 to 60 % of the total direct cost is
due to initial transport to the terminal, while terminal
operations account for 15 to 20 %. The actual bundle

towing operation only accounts for 20 to 30 % of the total
direct cost, while the corresponding value for mill receiv-
ing is 5 to 10 % (Puutavaran uiton . .. 1980). From the
above we can see that 70 to 80 % of the total direct
bundle floating cost occurs over approximately 15 % of
the total distance for the method. Vesikallio and Salmi-

00
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0 yksityiset tiet
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Public roads -
B yleiset tiet
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Fig. 9. Availability of roads for transport throughout the
year in southern Sweden.

Kuva 9. Teiden kayttikelpoisuus eri vuodenaikoina Eteld-Ruotsis-
sa.

(Arvidsson et al. 1978)

nen (1978) give the cost distributions for the methods
presented in Fig. 10.

Road transport is the most flexible of the three
methods. This is because we are dealing with small
truck-load units. In railway transport, discounts can be
obtained by dispatching larger volumes of wood at a time
(e.g. 1000 m® per train load) and throughout the year.
However, time is required to gather the above mentioned
volume at a railway terminal. Time is also spent in
transporting the wood to the railway terminal. Water
transport has the largest delay time of the three methods.
One reason is due to seasonal factors; the waterways
freeze over during winter and floating is only possible for
5 to 6 months from about the second week in May to mid
November. The navigational period for water transport
can be extended through the use of barges, however.

As mentioned earlier, the additional cost of interest on
the wood investment is one factor affecting long-distance
transport policy. For small unintegrated operations road
transport is solely relied on. For small firms only a small
buffer inventory is required and they are flexible to
variations in market demands and wood supply. Since
they have a low capital investment, as opposed to a pulp
and paper mill, wood shortages do not pose a serious
consequence. Also, the area from which wood is procured
is quite small and thus suited to road transport. The cost
of interest thus forms a much larger criteria for smaller
firms.

When dealing with a large mill complex and thus large
wood requirements, the importance of solely interest cost
on money invested in wood decreases. The cost of capital

Other costs - 0 39,
muut  kustannukset 2%
Capital costs - %9, i
padomakustannukset 3 e .
Other operating costs - o
3 18%
. Bty 1
fuel and lubricants - 18% 2% %
poitto- ja { %k
Wages and social costs -
7 v o
palkat sosiaal kustannuksineen I 0% =
Truck Raitway Bundle
transport - transport - floating -

autokuljetus  rautatiekuljetus nippu-uitto

Fig. 10. Distribution of direct costs by cost types in truck
and railway transport, and bundle floating.
Kuva 10. Vilittomien kustannusten jakautuminen eri kustannus-

ryhmiin.

(Vesikallio and Salminen 1978)

invested in the mill complex (i.e. cost of an idle mill
complex), and start-up and shut-down costs require the
presence of a buffer storage to ensure against wood
shortages. The size of the buffer storage depends on the
degree of uncertainty present in wood procurement and
wood demands at the mill (i.e. market demand). Stor-
ages are also important to even out discontinuity be-
tween wood demanded and wood available on the mar-
ket (i.e. lead time) between years. Trying to juggle
311000 forest owners to sell or not sell an additional 5 or
10 M(m®) from one year to the next is not a simple task
and does not occur instantaneously. As mentioned ear-
lier, the seasonal nature of cuttings also results in wood
inventories. Another point to remember when dealing
with large wood volumes is that, even though truck
transport is the quickest method to get a load of wood to
the mill, the movement of an entire inventory by the
other methods can be competitive. For example, the
average raft size on Lake Saimaa is slightly larger than
20000 m*: i.e. over 500 truck loads.

The choice of a long-distance transport method in the
Saimaa area also assumes that the method services the
point of dispatch and the destination. Once wood is
transferred from road transport to actual railway or
water transport, it should be delivered by that method to
the destination. This is due to the high interface costs
when transferring from one method to another. For
example, lifting bundled wood out of water and onto
truck costs from 7 to in excess of 10 FIM/m®, depending
upon the conditions. This is equal to about a 30 to 40 km
marginal increase in truck transport distance.

The use of concentration yards was not accounted for.
Since water and railway transport are possible to the
mills for which the use of concentration yards would
come into question, it would seem best to use them and
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take advantage of their built-in storage potential, while
also benefiting from their cheaper direct transport costs.
For this reason, the use of concentration yards to service
only truck transport in the area is questionable. Also,
Erdle et al. (1982) found that the savings derived from
the use of a concentration yard in Canada were 14000
CAD/a, while the extra costs for transportation and
handling were 78000 CAD/a. Generally, road transport
can be used in all cases except when extraction occurs in
island or shoreline forests accessible only by water.

Certain poorly floating wood assortments, for example
chips, fresh hardwood pulpwood, birch logs and small
diameter fresh softwood pulpwood, limit the use of bun-
dle floating if additional floatation or barges are not used.
The extent of wood deterioration over time differs be-
tween transport methods also. Wood deterioration has a
direct effect on the final product value and processing
costs. Generally, if wood must be stored, it should be
stored in water to minimize deterioration due to fungi
and insects. Wood stored on land (i.e. at roadside,
railway terminal or millyard) would have to be continu-
ously sprinkled with water or chemically treated. In
bundle floating 10 to 15 % of the bundle is above the
water’s surface and thus subject to wood damaging
agents and drying. Bundle rotating or sprinkling would
reduce the above to a minimun (Tolonen 1983). Storage
also has effects on barking, pulping processes, chemical
requirements, pulp quality, yield of side products (e.g.
pine oil and turpentine), and energy yield from bark and
black liquor. Lonnberg (1983) states that there is very
little value loss for water stored pine and birch used in
sulphate pulping, but spruce used in sulphite pulping
should be stored for as short as possible. As should be
apparent, direct delivery of wood to the mill would give
the best results. However, if storage is required water
storage gives the best results (Vesikallio 1979, Lonnberg
1983). Also, since there is usually limited space at mill-
yards, bundle floating allows an excellent opportunity to
alleviate millyard congestion.

By service we mean the period when a method can be
used. As mentioned earlier, the use of water transport is
limited to the navigational season. Dependability reflects
the susceptiblity of a method to environmental and exter-
nal factors. For example, waterways do not wear with use
and water transport can be held as more or less totally a
domestic (as opposed to import based) transport
method.

Although it is best to view the available transport
methods as forming an integrated transport system, it is
also beneficial to view the methods as competitors. In
this way competition is stimulated between the methods
and costs are kept better in line. If one method becomes
more competitive, the other methods must follow suit or
loose their share of the transport volume.
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222. National economic factors

When examining transport methods from a national
economic point of view one must account for the invest-
ment required to establish, maintain and operate the
different transport systems. The productivity of various
resources (e.g. labour, energy and capital) must also be
accounted for. A transport method’s effect on the envi-
ronment, and the ratio between domestic and imported
materials required by each method are other factors. The
dependability and applicability of each method in uncer-
tain conditions should also be accounted for.

Heikkeré (1979) makes a comparison between the
balance of expenditures and income for the State by
transport method. According to Heikker (1979), in 1977
70 % of the State’s expenditure on truck transport was
recovered through taxes directly related to truck trans-
port. To cover expenditures fully, a 5 % increase in truck
transport tariffs would have been required. The corres-
ponding values for railway transport and floating were 40
% and 20 to 40 %, respectively. Table 5 gives the net
costs to the State by transport methods.

Puutavaran uiton . .. (1980) and Pertovaara (1982)
give the additional information listed below, comparing
the transport methods from a national economic point of
view:

1) depending on conditions, the man-day productivity
in floating is 7 000 to 25 000 m* - km and for truck
transport it is about 5000 m? - km; a corresponding
value for railway transport is not available

2) the productivity for capital invested in floating
equipment in 1980 was 265 m’-km/1.00 FIM,
while for truck transport it was 35 m®-km/1.00
FIM and for railway transport (capital cost of rail-
way cars only included) it was about 28 m®- km/
1.00 FIM

3) the use of fuel in actual transport by truck transport
is 10 times greater than for bundle floating per
m® - km, while for railway transport it is 3 times
greater

4) when taking into account energy required for actual
transport, transport network construction and
maintenance, and building the actual transport
equipment, the energy requirements (oil equivalent,
kg/ (m®- km)) for truck and railway transport and
floating are 0.042, 0.040 and 0.003, respectively

a decrease in the trade balance of 20 million FIM
would result if 5 M(m?) were transferred from water
transport to truck transport; inflated to 1984 costs
about 30 million FIM

6) the domestic share of floating is 85 %, while for

truck transport it is 30 %

7) environmental effect is only significant in free-float-
ing; in bundle floating little water surface area is
required and loss of bark and leeching of chemicals
into the water is minimal due to bundling, however
there is a local effect at large dumping terminals and
mill water storages

5

Table 5. Net costs of transport methods to the State after
expenditures and revenues in 1980.

Taulukko 5. Kuljet telmien aiheutt
Julkiselle vallalle 1980.

t nettokustannukset

Method — menetelma Net cost to State  National economic
accident cost

- htei P

julkisen vallan

dellinen onnetto-

muuskustannus,

p/(m*km) p/(m*km)
Truck transport 1.2 0.50
autokuljetus
Railway transport 5.8 0.04
rautatiekuljetus
Inland vessel transport 1.0 -
sisavesialuslitkenne
Bundle floating 1.0 =

nippu-uitto

(Pertovaara 1982)

8) transferring wood to roads, from either railway
transport or bundle floating, would result in greater
environmental effects and roadways would be fur-
ther stressed near built-up areas, thus resulting in
increased traffic risks

9) land storage of unbarked wood in the summer can
cause damage to surrounding forests, while water
stored wood generally has little effect, unless large
quantities are stored unbarked near coniferous
forests over a long time since 10 to 15 % of the
bundle volume is susceptible to insect damage un-
less the bundles are rotated or sprinkled with water

10) the majority of waterway channels are usable for
floating with little or no improvements required;
also maintenance of waterways is minimal since
they do not wear

11) a waterway transport network is the most depend-
able method in times of crisis

23. Rationalization of wood transport in
practice

As mentioned in section 211. (p. 13), there are many
firms with mills at different locations procuring wood in
the area. In floating, the irrational operation of many
different firms on the same channels became apparent
quite earlier in industrial wood procurement as we know
it today. Thus, the Kymi Floating Association was
formed in 1873 (Seppianen 1937). In the Saimaa area,
Pielis Elfs Flotnings Aktiebolag Oy was formed in 1886

by two companies floating on the Pielis River. Gradually,
a number of floating associations and companies were
formed in the area. In 1930 the Savo Floating Associa-
tion and Northern Karelian Floating Association were
formed (Seppanen 1937), and are still in operation today.
The associations are responsible for floating in the north-
ern half of the area and at two channel bottlenecks in the
southern half (cooperative floating). Rationalization of
private floating in the southern half of the area has also
occurred and only two companies, Tehdaspuu Oy and
Enso Gutzeit Oy, have floating operations today. Float-
ing associations are non-profit organizations who trans-
port wood in an area and distribute costs to the member
companies according to their share of the transport
output. In the private floating area, contracts are made
between the companies with floating operations and
other companies with wood to be transported.

The formation of Tehdaspuu Oy, which started opera-
tions in 1968, was another step in rationalization of wood
procurement in the area. It is responsible for procuring
wood for four separate companies. This cooperative ven-
ture allowed the elimination of overlapping organiza-
tions. Cross-hauling by the four companies could also be
eliminated.

Tehdaspuu Oy and Enso-Gutzeit Oy, the two largest
wood procurement organizations in the area, also employ
optimization models for aiding long-distance transport
decision-making. The decision areas are generally based
on municipal areas and employ average costs from the
areas to mills. Metsiteho, the Forest Work Study Section
of the Central Association of Finnish Forest Industries,
has also developed a number of methods for aiding wood
procurement decision-making (Peltonen and Vaisinen
1972, Eskelinen and Peltonen 1977, 1980, 1982, Eskeli-
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nen et al. 1981, 1984, Eskelinen 1984). Saaksjarvi (1976)
employs game theory for distributing the benefit from
cooperative wood procurement among competing firms.

Other rationalization has occurred, resulting through
practical experience and research. There have been ma-
jor developments in truck transport to keep it competi-
tive. This is apparent from section 213. (p. 14). Although
railway transport and floating should be less susceptible
to inflationary pressures than truck transport
(Savolainen and Vesikallio 1974, Vesikallio and Salmi-
nen 1978), the rate of increase in truck transport costs
from 1972 to 1982 was slightly less. In railway transport,
special cars have been developed and unnecessary termi-
nals discontinued. Improving the condition of terminals
in use has also been another important development
(Talkamo 1983). In water transport, floating operations
have been concentrated into the main channels, and
terminal, towing and transfer facility operations de-
veloped (Roitto 1954, Stolpe 1954, Roitto 1958, Roitto
1963, Roitto 1976, Uiton ongelmat ja ... 1981). Many
redundant terminals have been abandoned and today,
based on average minimum distance to terminals, the
optimum terminal distribution has almost been reached.
Only in some individual cases are terminal location
improvements required. However, some redundant ter-
minals in both bundle floating and railway systems could
be abandoned (section 54., p. 58).

It is beyond the scope of this thesis to go into all the
ways in which long-distance transport has been
rationalized or to cover the ones mentioned above in any
greater detail. The purpose of the above was to give a
reader who is unfamiliar with the wood long-distance
transport situation in the area an overview of some of the
areas in which development has occurred.



3. MANAGERIAL AIDS IN PLANNING

31. Operations research

311. General

In general, operations research (OR) can be held as
the use of scientific technique to solve managerial deci-
sion-making problems. Management science is often
used as a synonymn for OR. Dykstra (1984) defines
management science (MS) as the application of scientific
method to the management of organizations or systems.
Some hold OR to be the collection of theoretical know-
ledge, while MS is the practical application of this know-
ledge. Dykstra (1984) however, states that there is no
clear-cut distinction between the two terms. Schultz and
Slevin (1975) also hold OR and MS as synonymns. In
this thesis OR and MS are held as synonymns, although
OR will only be referred to.

Taha (1982) classes OR as both a science and an art.
Although OR largely deals with the use of mathematical
techniques for determining the most appropriate course
of action out of many, there are other factors which must
be accounted for other than just the construction and
solution of mathematical models (Taha 1982). For exam-
ple, there is the difficult to quantify human element in
almost all decision-making problems. Schultz and Slevin
(1975) stress the implementation gap; although OR is a
well developed field, the actual frequency of its use in
practice is low, especially when its potential is taken into
regard. Gill et al. (1982) also stress the importance of
applying OR techniques to practical decision-making
problems. A method’s utility depends on its ability to
solve practical problems (applicability), ease of use (user
orientation) and the degree to which it is actually used by
management in practical problem solving.

Gass (1983) states that the applicability of OR to solve
managerial problems depends on the ability of the ana-
lyst to model the decision problem and thus the OR
method’s ability to compare the extent to which the
various alternatives satisfy the objective(s). Gass (1983)
also states that the years from 1950 to 1970 were the most
productive in using “standard” OR techniques. During
this period the majority of OR analysts concentrated on
solving technical and operational problems. The above
work has continued but the complexity of the problems
has increased and OR has been extended to problems
dealing with policy formation. According to Gass (1983),
many analysts and users question the applicabilty of OR

methods in the field of policy analysis. There should be
no problem in using OR in policy formation as long as we
remember that OR is an aid in decision-making and not
a source of ready instructions to be followed.

The literature on OR is emmense: e.g. at the summer
conference of the Society of Computer Simulation in
1983, held annually since 1969, 180 papers on simulation
alone were presented and the proceedings entailed 1 131
pages (The proceedings of . . . 1983). Craig and Corco-
ran (1982) list 135 references dealing with GPSS (Gener-
al Purpose Systems Simulator). Even if we only take into
account forestry related applications we find that the
amount of literature is emmense. For example, Some
words on . . . (1969) lists a number of references dealing
with topics ranging from the simulation of stand growth
to the evaluation of long-term forestry investments.
There is even one reference dealing with the adaptation
of an ore mining program to the systematic logging of
virgin timber. A bibliography compiled by Martin and
Sendak (1973) lists 416 references dealing with OR in
forestry. Of the above, 200 references deal with linear
programming and 119 with simulation. The majority, 19
out of 27 references dealing with transport, entail the use
of linear programming. Mikkonen (1983) states finding
over 600 references related to the use of OR in forestry,
with the major emphasis on simulation. There have also
been a number of symposiums/workshops dealing entire-
ly or partly with the use of OR methods in forestry (e.g.
Wardle 1971, Planning systems . .. 1973, Planning and
decisionmaking 1973, Integrated inventories ... 1978,
Simulation techniques ... 1978, Planning and control
... 1982). A number of extensive operational systems for
aiding decision-making or optimization of wood harvest-
ing and transport have been developed (e.g. Newnham
1975a, 1975b, Eskelinen and Peltonen 1977, 1980, 1982,
Goulet et al. 1980, Dehlén et al. 1983, Eskelinen 1984).
The "TAKU” system for material transports (Tavaran-
kuljetusmallin ... 1974, TAKU-tavarankuljetusmallin
... 1976), was used to study the feasibility of developing
bundle floating in the Kemi River watershed (Nippu-
uittomahdollisuudet ... 1984). In a search of forest
harvesting simulation models, Goulet (1979) found 15
references dealing with complete systems and 10 refer-
ences to modelling of a particular phase. Goulet (1979)
also found that eight references dealt with fully de-
veloped systems. Although a large number of papers
dealing with the application of all OR methods in for-
estry were reviewed during the study, it is beyond the

scope of this thesis to review and outline them individu-
ally.

When reviewing the literature on the use of OR in
forestry, it became apparent that initial research dealt
mainly with the application of mathematical program-
ming; with the major emphasis on linear programming.
This was followed by the increased application of simula-
tion to more complex and unstructured problems. Most
recently, the use of spatial information or geographic
information systems, coupled with analytic methods
(mainly simulation and heuristic programming), has
become increasingly frequent. Work in all OR fields has
advanced continuously, with new methods being de-
veloped to solve a host of different problems. Mikkonen
(1983) presents a schematic diagram as to the applicabil-
ity of different OR methods according to the degree of
uncertainty, structure and complexity. For the most
unstructured problems with uncertainty, simulation is
the most appropriate method. For structured problems
with certainty and single objectives, linear programming
is the most suited. Methods can also be used in conjunc-
tion. For example, the operation of a system can be
optimized by using information gained through simula-
tion in mathematical programming. Lussier (1972) states
that it has not been possible to find a revolutionary
logging system which would reduce costs significantly.
This is still true and it appears that management skill,
which depends on the ability of the managers and the
efficiency of available managerial aids in decicion-mak-
ing and control, is still the most significant factor for
keeping wood procurement costs in line.

Of the wide range of OR methods available only
mathematical programming, simulation and heuristic
programming will be dealt with. Further information on
the other methods can be obtained from a text on OR
techniques (e.g. Taha 1982),

312. Operations research procedure

Models and modelling form the basis of OR (Taha
1982, Dykstra 1984). A model is an imitation of some
object or situation and is used for comparison or for
gaining further information about the object or situation
itself. There are three major model groups: i.e. iconic,
analog and symbolic models. An iconic model is a physi-
cal representation of some object or situation: e.g. maps,
photographs and three dimensional scale models. An
analog model has no physical resemblance of the object
or situation being modelled, but corresponds to its func-
tioning: e.g. schematic diagrams, computer models of
material flow and tachometer cards. A symbolic model is
the expression of abstract thought through the use of
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symbols: e.g. mathematical equations and models, writ-
ing, and numbers. Modelling itself deals with the forma-
tion of models. In forestry we can find all three types of
models in continuous use: e.g. forest stand maps, aerial
photographs, digital maps, flow charts of organizations,
growth equations and stand models.

Dykstra (1976) distinguishes between two types of
models used in forest harvesting operations: i.e. forest
planning models and policy formation models. Forest
planning models provide information as to the expected
effect of various harvesting proposals and the point of
interest is generally the stand or working circle. Policy
formation models, although similar to forest planning
models, are more ambitious and are designed to provide
information for upper management. The entire forest is
the point of interest and the effect of policy choices on
overall productivity of the forest is studied. Forest plan-
ning models would apply to tactical and operational
planning, while policy formation models would apply to
strategic planning.

It is important to remember that we do not have OR
problems; we only have problems to which OR can be
applied. When faced with a problem the first step is to
determine what the objective(s) is/are, and identify what
variables are present and under the control of the deci-
sion-maker. The constraints imposed on the system must
also be determined. Before beginning model building, the
accuracy desired from the model must be specified. Taha
(1982) lists the following phases in an OR study:

1) definition of the problem

2) construction of the model

3) solution of the model

4) validation of the model

5) implementation of the final results

To the above list, we could add user feedback and
follow-up. Once a method is in use, the critique and
comments of the users can be benefical in improving the
system (e.g. making it more user oriented) and in loca-
ting possible errors in the system. Dykstra (1984) also
points out we should distinguish between preliminary (or
experimental) models and models developed to aid deci-
sion-making. Corcoran and Heij (1982) present the fol-
lowing outline for simulation modelling, which can be
used for OR modelling in general:

1) idea formulation

2) conceptualization

3) rudimentary development
4) final development

5) verification

6) validation

7) marketing

8) utilization monitoring
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Verification deals with checking to ensure the accuracy
of data and actual data manipulation in the model (i.e.
level of confidence). Validation tests congruence between
the model results and the real world system being mod-
elled.

Taha (1982) holds the symbolic or mathematical mod-
els as the most important model type in OR. Mathemati-
cal models assume that all relevant information relating
to the problem is quantifiable: i.e. objective(s), variables,
parameters and constraints. The general form of the
mathematical model is as follows:

optimize z = (X, , X3, ..., Xy) (1)

subject to

gi(X1 , X2 5 vy Xp)

Xi 3 X9y ey Xn = O (3)

In the above (1) is the objective function, which can be
either maximization or minimization, and (2) refers to
the general constraints which can be either greater than,
equal to or less than the constraining value. The non-
negativity restriction (3) ensures that the variables have
positive or zero value. Mathematical programming
techniques are also often referred to as optimization
techniques.

For more complex problems, which are difficult to
model or solve mathematically, simulation and heuristic
programming have been applied. These methods gener-
ally employ models to mimic the functioning of some
system. Since both simulation and heuristic program-
ming are wide concepts, a clear distinction between the
two is difficult. Classical definitions of simulation broad-
ly refer to it as the study of real systems through the use
of working analogies (e.g. Chorafas 1965). Thus we can
have deterministic or stochastic models used in simula-
tions of deterministic or stochastic real systems. How-
ever, in this thesis simulation is defined as the imitation
of the functioning of a system over time and/or using
random numbers and probability distributions to pro-
duce data used in its models. Simulation does not pro-
duce optimum solutions. It is used to determine how
some system will react if conditions are changed. Optimi-
zation of simulation models is possible, but difficult
(Taha 1982). Dykstra’s (1976) definition of heuristic
programming as the formal and orderly presentation of
aids to discovery is used in this thesis. Heuristic pro-
gramming can be used to mimic a system through “intel-
ligent” handling/manipulation of existing data. Heuristic
models search for satisfactory solutions through proce-
dures where movements toward the model’s objective are
made intelligently and thus the number of iterations
required are reduced.

Total cost -
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Fig. 11. General trend in the deviation from the value of
the optimum solution with deviation from the op-
timum solution in a terminal density problem.

Kuva 11. Optimiarvosta poikkeaman vaikutus. Esimerkki tiheys-
ongelmasta.

The search for practical or satisfactory solutions is
reasonable since in many cases the number of iterations
required to find the optimum in mathematical program-
ming is impractically large; each successive iteration
results in increasingly smaller moves toward the op-
timum. Similarly, the deflection of the objective function
about the optimum solution is generally quite small and
thus heuristic programming solutions are generally quite
close to the optimum (Dykstra 1976, Himanen 1981,
LeDoux and Butler 1982, Pulkki and Aitolahti 1982).
Fig. 11 presents the general trend for the deviation from
the value of the objective function with variation from an
optimum density solution. For example, when dealing
with log deck density in cable yarding or borrow pit
spacing when using a mobile crusher in forest road
construction, there is generally a lower rate of increase in
deviation from the value of the objective function with
too sparse, rather than too dense a spacing (LeDoux and
Butler 1982, Pulkki and Aitolahti 1982).

313. Mathematical programming

Mathematical programming was briefly introduced in
section 312. The methodology of mathematical program-
ming will not be covered here. Further information on
mathematical programming can be obtained from Dyk-
stra (1976), Taha (1982), Mikkonen (1983), and Dykstra
(1984). This section will deal with some applications of
mathematical programming in forestry, and its advan-
tages and disadvantages. The following is a list of various
mathematical programming techniques and special al-
gorithms for solving different types of optimization prob-
lems:

1) Linear programming

i)  standard linear programming
ii) transportation model

iii) assignment model

iv) transhipment model

v) network minimization

vi) shortest route problem

vii) maximal flow problem

viii) bounded variable(s) problem
ix) decomposition algorithms

x)  parametric linear programming
Integer programming

i)  cutting plane algorithm

ii)  branch and bound method
iii) 0—1 implicit enumeration

3) Dynamic programming

4) Goal programming

&

Due to the very complex nature of wood procurement,
the use of standard linear programming, which is the
simplest to use of the mathematical programming tech-
niques, must be limited to a very coarse level in wood
transport and mill receiving problems (Kanerva 1976).
Gillam (1969) goes as far as to state that linear program-
ming is only applicable to hypothetical problems and is
of little use in practice. However, when applied properly,
and abundant and reliable information is available,
standard linear programming can give valuable informa-
tion and thus aid decision-making. There are many
short-comings in standard linear programming and some
of them will be discussed below. A number of the other
mathematical programming methods listed above have
been developed to cope with the disadvantages inherent
to standard linear programming.

The major advantage of linear programming, and
mathematical programming in general, is that it is a well
known and documented field (Newnham 1975a). The
methods also optimize the objectives set on the system
according to conditions and constraints imposed on it. A
number of adaptations of linear programming have been
made to alleviate some of its short-comings. For example,
Dykstra (1976) employs heuristic programming to elimi-
nate feasible but poor solutions to reduce the number of
iterations required in solving the linear programming
problem. In this way the solution of large timber harvest-
ing layout problems was made feasible. Integer program-
ming takes into account non-divisability. Goal program-
ming on the other hand takes into account multiple and
conflicting goals. For decision-making under uncertain-
ty, Thompson and Haynes (1971) present a partially
stochastic linear programming model. The model can
give the decision-maker information, for example, as to
the probability of the cost being above or below some
level based on subjective probability distributions.

Mikkonen (1983) compares standard linear program-
ming, parametric linear programming, goal program-
ming and integer programming as tools in choosing

25

between forest harvesting systems. He found that goal
programming and standard linear programming were
the most applicable methods. One point to remember
about linear programming is that it allocates fractional
amounts. This may be impractical in practice and thus
integer programming would be required. On the other
hand, normal integer programming techniques are cap-
able of satisfactorily solving problems with a maximum
of about 100 integer variables (Dykstra 1976). However,
Dykstra (1976) does mention Martin’s method, by which
a 0—1 integer programming problem with about 7 000
variables and 150 constraints was solved. Current
standard linear programming software available for an
UNIVAC 1100/60 size computer are capable of solving
problems with a maximum of about 3 000 inequality
constraint equations (UNIVAC 1100/60 . . . 1982).

Because of its simplicity in assuming a linear world,
single objectives and perfect certainty, standard linear
programming was found to be only fairly suited as a
planning aid in harvesting operations (Mikkonen 1983).
To obtain a complete conception of any situation with
linear programming, extensive sensitivity analysis is re-
quired. Sensitivity analysis gives linear programming a
more dynamic nature. However, repeated sensitivity
analysis considerably increases the complexity of the
problem and computer processing time required (Keipi
1978). Parametric linear programming also gives a sense
of dynamism, but the computations required are consid-
erable. Also, when dealing with the size of problems
faced in planning harvesting operations, sensitivity
analysis and even solution of the problem itself, is very
difficult. For example, if we strip the wood transportation
problem in the Saimaa area to a bare minimum with 81
municipalities, 6 wood assortments, 82 railway termi-
nals, 87 water transport terminals and 37 wood proces-
sing centres/points, we would require 3 056 940 variables
in the standard linear programming problem. By using
heuristic algorithms to eliminate excessive variables, we
could perhaps reduce the number of variables to about
50 000.

Keipi (1978) studied the applicability of the Dantzig-
Wolfe decomposition method, price adjustment proce-
dure, functional trading procedure, goal programming,
simulation through system dynamics, discrete simulation
and the approach of pure negotiations in decentralized
wood procurement planning. Of the above only the
Dantzig-Wolfe decomposition method and goal pro-
gramming are mathematical programming techniques.
Keipi (1978) found that of the seven methods mentioned
above, the Dantzig-Wolfe decomposition method, goal
programming and discrete simulation were the best
methods for use in decentralized wood procurement
planning. The criteria for judging the methods were:
economicalness, applicability to changing wood procure-
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ment conditions, stimulation of functional managers’
motivation and ability to reach the global optimum.
Keipi (1978) made the following conclusions:

1) if a manager desires a planning method with high
applicability, with low cost and without demands on
optimization, discrete simulation is best

2) if a fairly global optimum at a low cost with a low
demand on applicability is desired, then goal pro-
gramming is best

3) if there is no limitation on method cost and the global
optimum has to be reached, then the Dantzig-Wolfe
decomposition method is best

4) if proper optimization routines could be incorporated

into discrete simulation, it could outrank the other
approaches studied

5) discrete simulation is the most flexible of the methods,
while the Dantzig-Wolfe decomposition method is the
slowest and most costly method

To make mathematical programming operational for
solving larger problems by itself, considerable simplifica-
tion of the problem is necessary. This results in consider-
able loss of resolution. Galbraith and Meng (1981) also
state that harvesting can rarely be represented
mathematically and thus the application of mathemati-
cal programming methods is limited. Goal program-
ming, found to be applicable in wood procurement plan-
ning by both Keipi (1978) and Mikkonen (1983), is also
subject to subjectivity when setting the goals.

From the above, however, it appears that goal pro-
gramming is the most suited of the mathematical pro-
gramming techniques in planning forest harvesting oper-
ations. However, due to the world we live in, Lussier
(1972) states that methods closer to the trial-and-error
approach are more applicable to decision-making than
the straight-forward mathematical programming ap-
proach. From the literature review it was concluded that
mathematical programming by itself was not applicable
to the study due to the complexity of the problem and the
level of detail desired.

314. Simulation and heuristic programming

As defined in section 312. (p. 24), simulation relates to
the imitation of the functioning of a system over time
and/or using random numbers and probability distribu-
tions to generate data used in its models, while heuristic
programming relates to the formal and orderly presenta-
tion of aids in solving decision-making problems. Neither
of the above are optimizing methods. Simulation is gen-
erally used when we have a scarcity of data and uncer-
tainty. It is generally used to answer questions such as;
what will happen if a certain situation arises or some

variables change in some manner? In other words it is
generally used to compare feasible solutions.

The most serious drawback of simulation is that it is
an imprecise method subject to statistical error (Keipi
1978, Taha 1982). This is because in benefical applica-
tions of simulation, stochastic models are employed and/
or stochastic systems are studied. The application of
simulation to study deterministic systems with deter-
ministic models is questionable since mathematical pro-
gramming is more suited for this type of problem. Thus,
each simulation run must be treated as a statistical
experiment and any conclusions derived from simulation
must be subject to all appropriate statistical tests (Taha
1982, Law 1983). Statistical error is reduced by repeated
simulation runs with different data sets and by running
the simulation for a "sufficiently” long time to allow a
steady state (equilibrium) to be reached and to also get a
sufficiently large sample size. Newnham (1975a) feared
that simulation techniques were falling into disfavour
because their complexity made it difficult for anyone but
their developer to understand or use them. This is the
reason why user orientation must always be considered
when developing any simulation model for general use.
Generally, there is no point in developing a simulation
model of a system already in existence, since it can be
studied in reality (Newnham 1975a). Optimization by
simulation is possible, but difficult and generally unreli-
able due to the randomness built into the models (Taha
1982). Simulation can be used, however, to generate
missing data to be used in mathematical programming.

Many of the above disadvantages, are also advantages
of simulation. Because of its nature, it is a very flexible
method which can be used for analysing complex prob-
lems or systems. Keipi (1978) states that it is the most
appropriate technique to the widest range of forestry
problems. Newnham (1973) states that simulation has
probably been the most widely used technique in forestry
related problems. Newnham (1973) lists the following
three major advantages of simulation:

1) a manager if forced to think of his problems in terms
of a total system, thus avoiding sub-optimization
which occasionally leads to disaster

2) in developing the model the manager is forced to
make emplicit statements about many of the assump-
tions in the model

3) the manager gains a good insight into the system
being simulated

Since each managerial problem is unique, a simulation
study must be tailor fit to the problem. This requires
great skill from the modeller and a thorough understand-
ing of the system being modelled; including the system’s
environment. Generally, programming needs are quite
extensive in simulation studies. The most limiting factor

on simulation in the future will probably be program-
ming. There is a serious shortage of skilled programmers
and their cost is increasing. rapidly (Henriksen 1983).
The benefit of simulation, as to cost savings derived from
proper design versus additional expenses due to poor
design, is difficult to obtain (Henriksen 1983). Seppala
(1971), who simulated wood harvesting systems with
GPSS, found that its usefulness in studying harvesting
systems was justified. Also, since simulation experiments
rarely exceed 1 % of the total system cost, many mana-
gers have come to view simulation as a very inexpensive
insurance policy (Henriksen 1983). With improvements
in computer hardware and software, the popularity of
simulation will likely still increase significantly (Law
1983).

Heuristic programming is a part of operations research
which is not well documented and is easily confused with
simulation. Thus in the definitions above, simulation was
restricted to the use of stochastic models. As mentioned
in section 312. (p. 24) heuristic programming is not an
optimizing method, but rather one that searches for
satisfactory solutions. This is achieved through "intelli-
gent” examination of possible solutions with the objec-
tive of obtaining a “good” solution. The method relies on
experience, inductive reasoning, and intuitive and empir-
ical rules to move from one feasible solution to another
(Dykst a 1976, Taha 1982). Once a "sufficient” number
of gbssible solutions have been obtained the one giving
“the best possible result is chosen. The 7sufficient”
number of solutions depends on the desired closeness to
the optimum, complexity of the problem and level of
detail involved; and thus the computing time required.
Of operations research methods it is the one closest to
traditional problem solving, the major difference is that
the search of feasible alternatives for the solution is done
with a computer. There is no clear-cut procedure for
heuristic programming and the methodology applicable
depends on the problem in question.

Heuristic programming can also be used in conjunc-
tion with other operations research methods. As men-
tioned in section 313. (p. 25), Dykstra (1976) combined
linear programming and heuristic programming for solv-
ing yarding landing location problems. Dykstra (1976)
also states that the greatest number of published applica-
tions of facilities location theory have incorporated
heuristic programming. This is due to the inherent com-
plexity of facilities location problems.

During the early 1960’s, heuristic programming was
looked upon disfavourably since it only strives for satis-
factory or practical solutions and not the optimum solu-
tion (Dykstra 1976). Its stature has continuously im-
proved however. Its main premise, as mentioned in
section 312. (p. 24), is that the area around the optimum
solution is quite flat and thus deviation about the op-
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timum solution does not have a great effect on the value
of the solution.

Mikkonen (1983) states that we are in a new develop-
ment phase, where more decision-making must be made
at the field level. Recent developments in information
processing hardware, as well as operations research soft-
ware, will make the above much easier. Based on the
literature review it was concluded that heuristic pro-
gramming, supported by simulation, and mathematical
programming where required, was the most applicable
OR technique for the problem on hand.

32. Database management systems

The most widespread, practical and benefical use of
computers in forestry to-date has been in the storage,
manipulation and retrieval of data used in everyday
planning and control. This in turn has been directly
linked to the development of database management sys-
tems. Glew et al. (1976) states that forest management
practices can be substantially improved through the use
of computer assisted resource planning techniques. Early
computer based managerial aids dealt mainly with data
used in accounting, budgeting, forest inventory, progress
reports, control, etc., and a large central computer was
generally employed (e.g. Einola 1968, Gillam 1969, Some
words on ... 1969, Tyre and Screpetis 1978). The
systems from the mid 1960’s have developed into com-
plex database management systems (DBMS), as well as
geographic information systems (GIS) (e.g. Thornburn
et al. 1973, Bloomberg et al. 1976, Glew et al. 1976,
Kilkki and Siitonen 1976, Bare 1978, Macklin and Man-
ning 1978, van Roessel 1978, de Steiger and Giles 1981,
Bonner 1983, Fontaine 1983, Masse 1983). The use of
computer systems is progressively being decentralized
and being put at the disposal of field managers for
everyday problem solving (Mikkonen 1983). Also, the
use of desktop or micro-computers has increased consid-
erably recently. In this section we will deal with DBMS,
while GIS will be dealt with in section 33.

For the efficient use of computer stored information in

gerial decisio king, more than just a mass of
data stored in a computer memory is required. Bare
(1978) states that any managerial information system
must include data aquisition, data management, data
processing and information display. The need for effi-
cient storage, manipulation and display of information
has led to the development of database management
systems (DBMS). Frost (1984) defines DBMS as a col-
lection of data which is used by more than one person
and/or is used for more than one purpose. A DBMS is
generally composed of a data store (database), privacy
and security sub-system, a backup system in case of
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system failure, and software for data input, information
manipulation and output. Frost (1984) lists the following
eight stages in the design of a DBMS:

1) specification of conceptual schema

2) specification of input/output requirements
3) specification of database schema

4) specification of physical storage structure
5) design of privacy sub-system

6) design of integrity sub-system

7) design of back-up and recovery sub-system

8) design of input/output application programs and re-
port program generator, and query languages

The order in which the above stages occur is not
necessarily that of above and many of the stages can
occur in parallel. When specifying the conceptual sche-
ma we are defining what information is to be stored and
what the relationships between the different types of data
are. At this stage future requirements must also be taken
into account to yield a system which does not immediate-
ly become obsolete. When specifying the input/output
requirements one must determine what information is
required, the form it is in, the data manipulation re-
quired and when and how it should be presented to the
person using the system. Often too much emphasis is
placed on data storage, retrieval and display, while too
little is placed on the data manipulation or analysis sub-
system, and/or user orientation of the system (Bare 1978,
Beeman 1978).

While the first four stages are in progress, the system
designer must also gather information to ensure the
security, privacy and integrity of the system. The securi-
ty and privacy part of a DBMS controls unauthorized
access to the system or changing of data. Integrity refers
to controlling the input of erroneous or contradictory
data. With the above stages in mind, the designer
specifies the database schema, which is basically a
schematic diagram of the interactions between data, as
well as between the various parts of the DBMS. The
specification of the physical storage structure refers to
choosing the computer hardware most suitable to the
situation, as well as deciding on the form in which data
will be stored. The last four stages generally occur simul-
taneously and refer to the actual development of the
computer software required for the system’s operation.
More detailed information on the designing and building
of a DBMS can be obtained from texts on the subject
(e.g. Frost 1984). However, the success of a DBMS is
ultimately dependent upon the degree of cooperation
between the designer, data sources and users in the
design and formation of the system, as well as the final
acceptance of the system by the users.

What is the advantage of using a DBMS? With one

central database used by a number of people, resources
are used more efficiently since there is no duplication of
data. Also, the possibility of errors in the data is reduced.
Information from many different sources is gathered and
thus made readily available to all authorized users of the
system. Otherwise, a person may be forced to search for
data from many different sources before obtaining all
data required. Bloomberg et al. (1976) stresses the above
advantage due to the trend toward multidisciplinary
research. Himanen (1981) states that information is re-
quired in all logistics systems and has a marked effect on
a system’s operability. With all relevant information
readily available, decision-making is made much easier.
Frost (1984) lists a number of disadvanges of DBMS:

1) since the DBMS must be centralized, considerable
transmission of information from sources is required,
as well as transmission of output to the end-users

2) since there are many users, security and privacy sub-
systems are required to prevent unauthorized use or
changing of data

3) standard formats for data have to be used to make the
system operational due to the many possible users

In the past two decades there has been considerable
development in DBMS and in 1981 there were over 50
business oriented DBMS commercially available (Mar-
ble and Peuquet 1983). Marble and Peuquet (1983) also
expect that the use of DBMS will increase at a rate of 25
to 35 % annually through to the end of this decade.
However, like operations research methods, orthodox
DBMS do not account for the spatiality of the data (van
Roessel 1978, Hokans 1983). This has thus led to the
development of spatial databases and geographic infor-
mation systems. A GIS is the major tool for handling of
spatial databases (Marble and Peuquet 1983).

33. Geographic information systems

Erdle and Jordan -(1984) state that geographic infor-
mation system (GIS) technology has arisen from recent
advances in merging computer graphics and DBMS.
GIS is defined as essentially a hardware/software system,
specifically designed for storing, maintaining, analysis
and display of geographically referenced data. Thus, at
the heart of any GIS we have a spatial database, com-
posed of spatial and descriptive data. In a spatial data-
base each entity is defined in terms of its location in space
through the use of points, lines or areas. de Steiguer and
Giles (1981) depict a GIS as a basemap of an area on
which a number of overlays have been placed to depict
different resource themes. Depending upon the complexi-
ty of the system in use, a host of information about the
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(Marble and Peuquet 1983)

area can be retrieved and produced in tabular or map
form. de Steiguer and Giles (1981) state that the list of
possible applications is almost endless, with the only
limitations being the imagination and skill of the design-
ers and programmers, and the budget of the system.

Whether a GIS is more DBMS or graphics oriented
will ultimately depend on the intended use of the system.
However, both capabilities are required. For this reason,
the spatial regional supply model presented by Garbini
et al. (1984) and the simulation/graphical animation
model presented by Rose et al. (1984) cannot be held as
GIS, while the system presented by van Roessel (1978)
qualifies as a GIS. Similarly, computer assisted design
and manufacturing (CAD/CAM) technology, which is
closely allied with automated cartography, cannot be
classified as a GIS either (Marble and Peuquet 1983,
Erdle and Jordan 1984). GIS technology differs from that
of CAD/CAM since analytical ability is emphasized with
the resulting loss of graphical resolution.

Although the first GIS were developed in the mid
1960’s, widespread interest in their use has not increased
until lately (Bonner 1983, Erdle and Jordan 1984). This

29

is probably due to recent developments in computer
hardward and software for GIS, resulting in more inex-
pensive and powerful systems. Marble and Peuquet
(1983) state that the major reasons for failure of many
GIS in the past was due to improper design, failure to
properly adjust to severe institutional problems and tech-
nical problems (e.g. too costly). Detailed information on
GIS design is available in texts on the subject (e.g.
Marble and Peuquet 1983). However, some of the basic
design features in GIS will be discussed shortly below.

As mentioned above, an entity’s spatial location is
defined through the use of points, lines or areas. Spatial
information is organized according to vector, raster or
grid organization (Fig. 12). Vector organization refers to
the representation of lines through a seguence of short
straight lines defined by their end points. In a raster
organization, horizontal strips are used (i.e. spatial data
is recorded from narrow strips placed across the data
surface). A grid organization is a special form of raster
where information is recorded at regular intervals along
the raster and the smallest logical unit is the grid cell (i.e.
pixel) (Marble and Peuquet 1983). Thus, basically we
have GIS where the format of data representation is in
polygon or grid form. Polygon representation (i.e. the use
of vector organization) of data is best, if high graphical
resolution is required. Also, data storage requirements
are higher if using the grid method. On the other hand, if
data manipulation is most important, then grid represen-
tation is best (Dyksta 1976, de Steiguer and Giles 1981,
Marble and Peuquet 1983). Various data overlays are
easily cross-referenced due to the fixed structure (matrix)
form in which data is stored. The grid method is general-
ly the least expensive and easiest method to use. If spatial
relationships must be examined in polygon represented
data, very complex software is required. To overcome the
weaknesses of both methods, modern GIS tend to incor-
porate the use of both methods.

Although there are many advantages of GIS, the
difficulties must also be kept in mind. The computer
hardware and software required make GIS quite expen-
sive, and skilled programmers are required to obtain the
full benefit from the system. de Steiguer and Giles (1981)
stress that “in house” development or use of GIS by
small inexperienced firms is not wise and they should
contact government organiz-ations, universities or private
firms dealing with GIS. Sufficient and productive use of
the system is also necessary to justify investment in a
GIS. Erdle and Jordan (1984) stress the importance of a
thorough cost-benefit analysis before investment in a
GIS; otherwise you may end up with a modern-day white
elephant on your hands.



4. A SPATIAL DATABASE — HEURISTIC PROGRAMMING SYSTEM

41. General

The preceding sections have outlined the
long-distance  transport  decision-making
problem, wood procurement and transport
situation in the Saimaa area, factors affecting
long-distance transport decision-making and
some managerial aids which could be appli-
cable in further rationalization of long-dis-
tance transport, particularly water transport.
After the literature review of OR methods
which could be applicable to the objectives of
this thesis, it was concluded that any OR
method by itself was not applicable. Similar-
ly, a DBMS is not applicable to the problem
on hand by itself. For example, both OR and
DBMS do not account for spatial arrange-
ment of data and thus their applicability to
the size of problem on hand is limited. GIS
with specially developed software would seem
to be applicable. But investment in such a
system for just aiding decision-making in
long-distance transport of wood is unjustified:
e.g. the purchase price of a small-size GIS
employed by Great Northern Paper Co. of
Maine, U.S.A. (Boss 1984), is about 500 000
USD. In addition to the cost of hardware and
associated software, additional software
would have to be developed, personnel are
required to run the system and the extensive
database of the system must be continuously
updated. For the above reasons a simple sys-
tem adaptable to any existing computer sys-
tem (excludes micro-computers) was de-
veloped. The system is based on the combina-
tion of a spatial database and heuristic pro-
gramming. The programming language was
FORTRAN IV.

After reviewing the literature on the spatial
delineation of data it was decided that the
grid method was more applicable than the
polygon method or grid/polygon method.
This was because considerably more em-
phasis was placed on data manipulation and
developing a low cost system in the study,
than on graphical resolution of output. As
mentioned in section 33. (p. 29), Dykstra
(1976), de Steiguer and Giles (1981), and

Peuquet (1983) all state that the grid method
is superior to the polygon method when it
comes to the manipulation of spatial data.
Also, not all computer systems are equipped
with a graphical plotter. The display (i.e.
hard copy maps) of spatial characteristics
and relationships with the accuracy available
from a line printer or typewriter console was
deemed satisfactory. Also, a large amount of
data can be displayed in tabular form. It
must be remembered that the spatial data-
base — heuristic programming system was
developed specifically to deal with long-dis-
tance transport and particularly bundle float-
ing problems. Also, it is not an optimization
method; its purpose is to aid in solving prob-
lems through the use of an extensive database
and the spatial relationships between the da-
ta. Also, if some organization currently em-
ploys a GIS based on the polygon method or
a grid/polygon method, the starting point is
different and any programs should be de-
signed to meet the system available. How-
ever, if dealing with only a polygon method
and complex spatial relationships must be
examined, the programming requirements
may be too complex for a normal forestry
related organization: e.g. Dykstra (1976)
compares the analysis of polygon data as
trying to analyse the spatial relationships be-
tween individual strings of pasta in a bowl of
spaghetti.

Although the spatial database in this study
cannot be classed as a DBMS, a number of
the DBMS features presented in section 32.
(p. 28) were employed. By having a thorough
understanding of the study problem and envi-
ronment, all relevant map information for the
spatial database was obtained simultaneous-
ly, and stored in a manner easily accessed for
editing of errors, updating and use. The map
information was stored by grid cell coordi-
nates. Each grid cell is referenced by compu-
ter matrix coordinates for the grid; grid cell
(1, 1) is in the upper left hand corner of the
grid. In this thesis the matrix coordinates are
referred to as they are in computer notation
and not in vector notation: i.e. (Y, X) and not

(X, Y). A number of catalogues containing
descriptive information and information ma-
trices were added to the spatial database.

Since no standard OR techniques could be
found which were applicable to the problem
on hand, a set of heuristic programming mod-
els were developed to aid in determining rela-
tionships in wood procurement in the Saimaa
area and to mimic wood flow through the
transport systems available. The following
sections will deal with the theory and de-
velopment of the spatial database — heuristic
programming system.

42. Transport system spatial database
421. Uniform coordinate system

Due to the curvature of the earth’s surface
the use of geographic coordinates (i.e. lon-
gitude and latitude) is not possible in a grid
system. This is because lines of longitude
converge at the poles.The Universal Trans-
verse Mercator Grid (UTM) overcomes this
problem. The grid was designed for world use
between 80° S and 84° N latitude and the
earth’s surface is divided into corridors 6°
longitude wide. These projection corridors
are numbered 1 through 60, progressing from
the 180° meridian of longitude eastward
(Map reading 1960). The corridors taken into
use in Finland in 1922, however, are 3° lon-
gitude wide and the central meridians are at
21°, 24°, 27° and 30° E longitude (Karttapro-
jektio 1962). In the grid, the lines of longitude
are of true length, but the grid lines drawn
perpendicular to the central meridian are not
of true length. This effect is reduced by using
narrow corridors. For the 3° wide corridors
used in Finland, the correction required at
the corridor extremes is less than 1 m (i.e. less
than 2 seconds) over a 10 km distance (Kart-
taprojektio 1962). The equator forms the base
line with true length and is perpendicular to
the central meridians.

The uniform coordinate system was de-
veloped from the UTM grid. In Finland, one
corridor with a central meridian at 27° E, is
used to cover the entire country. Ruutujarjes-
telmatoimikunta (1970) gives recommenda-

31

tions for use of the uniform coordinate system
in Finland. Any point on the grid can be
given accurate grid coordinates. Map reading
(1960) and  Ruutujarjestelmatoimikunta
(1970) present the indexing of locations with
the system. A map of the Saimaa area with
the uniform coordinate grid superimposed on
it, along with the information matrix coordi-
nates for the area, is presented in Fig. 13.

The use of a grid system allows easy index-
ing of location. The advantage of a grid sys-
tem over geographic coordinates is that each
grid square has the same area and linear
distances can be easily calculated between
points. With geographic coordinates angular
measurements would be required (Map read-
ing 1960). Due to the above, easy storage of
information in matrices by grid coordinates,
as well as the use of heuristic programming
models, are thus made possible. De Steiguer
and Giles (1981) state that the UTM is the
best system to use in a grid GIS.

422. Grid applied

The basic transportation system data for
the Saimaa area was obtained from National
Board of Forestry maps of scale 1:200000,
which are printed by the National Board of
Survey. Maps covering the area were formed
into a map mosaic. A transparent sheet was
overlaid onto the map mosaic and a grid
drawn based on the uniform coordinate sys-
tem. All information not included or clearly
delineated on the maps had to be procured,
located on the map mosaic and drawn onto
the transparent overlay: e.g. bundle floating
terminals, transfer facilities, railway termi-
nals, mills, forestry board districts,
municipalities and watersheds. When deter-
mining the grid line spacing the following
factors were taken into account:

1) accuracy of the transport system location desired,
including all transport system infrastructure, such as,
railway stations, spurs, dumping terminals, wood
transfer facilities, sources, destinations, etc.

2) detail of transport system description desired in the

information matrices (i.e. number of characteristics

to be registered)

matching of distance between grid lines and map

scale to allow easy conversion between map and

actual distances and areas
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4) size and shape of the area to be covered by the
information matrices

5) complexity of the transport system in the area

6) computer resources available for data storage and
during CPU (central processing unit) operation

7) line printer width, which limits the width of hard
copy output of information matrices

Taking all the above factors into account,
the distance between grid lines chosen was
1.25 cmy; this is equal to 2.5 km at a scale of
1:200000. Each grid cell, also known as a
pixel, covers and area of 6.25 km?. The grid
cell is the basic unit of the grid, which has
dimensions of 144X114 (length X width).
Due to the shape of the Saimaa area, 9048 of
the total 16416 grid cells lay in the study
area. The remaining grid cells were coded as
other watershed areas lying in Finland, the
major ones being the Kymi River watershed
lying to the west and the Oulu River
watershed lying to the north, and areas lying
in the Soviet Union.

For data processing, an UNIVAC 1100/60
was used; 65000 bytes of CPU workspace
were available at one time without special
expansions of usable workspace. Whenever
needed, the workspace could be expanded
and thus large matrices could be accomo-
dated. Also, disk and tape storage (memory)
resources posed no limitation. Since line
printer width is generally 132 columns, the
width of the grid with headers was just under
the maximum width allowable if the informa-
tion matrix output was single character.

Due to the difference between in-line
character density and between-line density of
the line printer, there is a difference in scale of
the Y and X axes: i.c. 285 km (114 grid cells)
requires 36.25 cm on the Y axis of the line
printer output, while the same distance on
the X axis requires 29.0 cm. Thus, maps of
the area produced by the line printer show
the area to be more elongated than it actually
is. This is apparent from the maps drawn
from information matrix hard copies pre-
sented in Fig. 6, 7 and 8 (pp. 16 and 17) and
the actual map of the area presented in Fig.
13. This distortion could have been removed
from the line printer produced maps by using
rectangular and not square grid cells. The
north/south grid cell dimension would have
to be enlarged to 1.25 times that of the east/
west dimension to match the wider spacing
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between lines and thus obtain equal scales on
both Y and X axes of the line printer output.
However, since ease of data manipulation
was held to be more important than graphical
display accuracy, square grid cells were cho-
sen. Also, with further development, the sys-
tem could be linked to a graphical plotter.
This would result in the elimination of all
Y—X axes distortion.

423. Spatial database formation

The capture and input of the data into the
spatia’ database can be held as the most
tedious and one of the most important parts
involved in the formation of the spatial data-
base — heuristic programming system. The
applicability of the system is only as good as
the quality and accuracy of the information
stored in the spatial database. Therefore,
when forming the spatial database great care
had to be taken to record all the information
that was required. Accuracy was also of ut-
most importance to minimize the time re-
quired to edit errors from the data. Marble
and Peuquet (1983) state that for each data
type the most important consideration is usu-
ally getting the data into the system, since
data input generally accounts for the greatest
costs and difficulties.

When registering the transportation sys-
tem information the map area covered by
cach grid cell was examined manually; input
of spatial data in modern GIS is generally
through pencil tracing or automatic scan-
ning. If the grid cell did not lie in the study
area it was labelled according to whether it
was in another area of Finland or in the
Soviet Union. Otherwise, the presence/ab-
sence or description of the following features
were recorded for each grid cell:

1) roads
11) highway network
111) class I highway (primary national highway)
112) class IT highway
113) unsurfaced highway
12) community road
121) bound surface
122) unsurfaced
13) private road (generally unsurfaced)
2) railway system
21) actual railway
22) railway terminal
221) terminal with stationary crane
222) terminal without stationary crane
23) railway spur
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3) water transport system
31) water transport channel
311) bundle floating channel currently in use
312) bundle floating channel currently not in use
313) free-floating channel
32) wood (bundle) transfer facility
321) bundle crane/track
322) lock
33) water transport terminal
331) bundle dumping terminal currently in use
3311) dumping ramp only
3312) ice storage area only
3313) dumping ramp and ice storage area
332) bundle dumping terminal in sporadic use
333) abandoned bundle dumping terminal
334) harbour
4) watershed
5) water coverage percentage
6) mill
61) sawmill
62) wood-based panel mill
621) plywood mill
622) particleboard mill
623) chipboard mill
63) pulp and/or paper mill
7) forestry board district
8) municipality

In some cases transport system informa-
tion had to be recorded from grid cells be-
yond the Saimaa area. To maintain continui-
ty of the railway system, all railway system
information for the Kouvola—Kuopio, Kou-
vola—Lappeenranta and Vainikkala—Luu-
maki/Lappeenranta track sections were re-
corded irrespective of whether they were in
the Saimaa area or not. Also, wherever the
continuity of a major road artery was broken
due to the road extending beyond the Saimaa
area, the road sections lying beyond the area
were recorded.

One data line was used to record and store
all information for each grid cell. The above
information was recorded with a spatial accu-
racy having a maximum error of 1.77 km
(distance from grid centre to corner). Putkis-
to (1949) gives the following equation for
calculating the average straight-line distance
within a square to its centre:

k = 0.383a

where k is the average straight-line distance to the centre
a is the side length

Employing the above equation, the average
straight-line distance within squares to the
centre is 0.9575 km.

When examining the actual transport ar-
teries (i.e. major roads, railways and water
transport channels) some adjustment was
necessary to avoid “zig-zagging” due to the
location of the artery in relation to the grid
(Fig. 14). When examining areas and a grid
cell bordered on two or more areas, the area
assigned to the grid cell was the area making
up the larger part of that particular grid cell.
The water coverage was measured by placing
a dot grid (25 dots) over groups of four grid
cells and counting the number of dots lying in
a waterbody. The same water coverage in per
cent was assigned to all four grid cells. Later
in the data analysis it was found that it would
have been better to analyse the water cover-
age for each grid cell separately. When it
came to forming a lake information matrix
there was no way to say which grid cells
should be assigned as lake: e.g. if we had 50
% water coverage over four grid cells which
two cells were to be assigned as lake. Thus,
breaks in waterbodies occurred where there
should not have been any and manual correc-
tion of the data was required.

Additional information relating to the area
was also gathered: i.e. annual allowable drain
by wood assortments and forestry board dis-
tricts, wood volumes dispatched from termi-
nals, industrial cuttings, wood consumption
at mills, wood delivered to mills, channel
costs, payment rates, stumpages by
municipalities, and terminal and transfer
facility names and descriptions. The majority
of the above information was stored in cata-
logues formed with the aid of and referenced
to the spatial database.

As should be evident from the large mass of
information recorded, the storage and mani-
pulation of the spatial data is only possible
with a computer having fairly large CPU and
memory capacities. All grid referenced infor-
mation recorded for this study is referred to
as a spatial database. With the data readily
available for each grid cell in digital form, by
just addressing the grid coordinates and data
required, information matrices and cata-
logues for the area could be developed. The
information matrices and catalogues de-
veloped from the spatial database are also
held as a part of it.
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Fig. 14. Method used in registering major transport
arteries.
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424. Information matrices and catalogues

With transport system data stored in the
spatial database it was simple to form infor-
mation matrices which could be used to sim-
plify data manipulations or to present some
relationship of spatial data after data ma-
nipulation. The information matrices can be
thought of as map overlays containing some
type of information of interest. For example,
the maps presented in Fig. 5, 6 and 7 (pp. 16
and 17) were drawn from hard copies of
information matrices.

Most of the information matrices are of
character format (i.e. any of the symbols
available in the computer language used),
although depending on the information in-
volved, they can be in integer or real number
format. Output of information matrices with
data containing more than one character be-
comes more involved if a map of the entire
area is to be obtained. For example, if the
information matrix contains two digit integer
numbers, only one-half of the entire area can
be printed at one time since the printer width
is a maximum of 132 characters. Another
similar problem related to the grid method is
that output of maps with different scale is
limited: 1.e. limited to factors of 1X, 2X, 3X,
etc.

As mentioned earlier, two types of informa-
tion matrices were used in the study. One
type contained information to simplify data
manipulation and analysis of the area. When
information matrices were used the entire
spatial database containing all information
would not have to be accessed with each
computer run. Similarly, when a special set of
data was used often, excessive computer time
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was avoided by employing information ma-
trices. The other type of information matrix
stored spatial information gained through da-
ta manipulation for output.

To briefly outline the formation of an infor-
mation matrix the procedure required when
forming the information matrix of the water-
sheds in the Saimaa area is outlined below:

1) a matrix space (144 X 114) was reserved in the CPU
workspace according to the type of data to be con-
tained in the matrix: i.e. in our case character data
was used, as opposed to integer or real numbers.
Character data refers to any of the symbols available
in the computer language being used, including blank
spaces
the spatial database was accessed and information in
regard to watersheds was read into the CPU work-
space
3) working through information for all 16 416 grid cells,
a code was assigned to each corresponding matrix
location as to which watershed in the Saimaa area the
grid cell was in, or whether it was in another part of
Finland or the Soviet Union; i.e.
— ”1” = Janis River watershed
- 72” = Kitee River - Tohma River watershed
— ”3” = Hiitola River watershed
— "4” = Vuoksi watershed
”:” = area beyond Saimaa area but in Finland
area beyond Saimaa area and in the Soviet
Union
4) once all grid cell information had been examined the
new information matrix (i.e. map) of the area was
stored on disk for future use

N
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Fig. 15 presents the actual hard copy of the
above information matrix.

Information catalogues are files of descrip-
tive information referenced to some feature
recorded in the spatial database. For exam-
ple, one catalogue of dumping terminals in-
cluded the matrix coordinates for each termi-
nal, as well as name, class and volumes
dumped over the past five years. As addition-
al information becomes available (e.g. new
data on volumes dumped) it is added to the
catalogues. The catalogues were used to give
descriptions of the points recorded in the
spatial database and thus make analysis pos-
sible and conceptual realization easier: e.g.
dumping terminal (25, 64) could be referred
to as Kannaslahti which would make infor-
mation about the point more meaningful to a
possible user. Also storage of point data re-
quired less space when using information
cataloques. A number of information cata-
logues for the following point features, as well
as areas, were formed:
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1) dumping terminals
2) railway terminals
3) bundle transfer facilities
4) wood processing mills
5) forestry board districts

)

6) municipalities

43. Heuristic transport routing and
costing

431. Heuristic transport route searching

Due to the large number of possible trans-
port route sources and destinations, and the
large number of possibilities for transporting
wood from a source to a destination, heuristic
search algorithms were developed. To manu-
ally determine the transport routes and dis-
tances for all situations arising in problems of
the size in this study would be very time
consuming.

There are two distinctive forms of trans-
port network configuration possible: i.e.
branching and interconnected loop config-
urations (Fig. 16). In the Saimaa area, road
and railway transport networks have inter-
connected loop configurations, while water
transport has a branching configuration. All
transport networks have branching infra-
structures, however the above classification
only refers to the major arteries. The classifi-
cation of a network as either branching or
interconnected loop often depends on the size
of the area under consideration. For example,
a small area examined by itself will generally
have a branching network, while the inter-
connected loop configuration becomes more
prominent as the scope of the area is widened.
Inland waterways, due to drainage patterns,
can be held as more or less always having a
branching configuration; unless dealing with
an extensive interconnected canal system or a
large lake with many separate channels due
to reefs or islands.

Depending on the transport network con-
figuration, special considerations had to be
accounted for when classifying the transport
network information into the information
matrices used for route searching. Transport
route information matrices (TRIM) were
formed for each transport method with the
aid of the information matrices of the various

D I T S R A I L

Fig. 15. Hard copy of the information matrix of water-
sheds in the Saimaa area.
Kuva 15. ATK-tulostus vesistoalueiden sijaintitietomatriisista.

route classes available. To form the road
TRIM all the road class information matrices
were overlaid. Each grid location was label-
led according to the highest road class pre-
sent; since the area of a grid cell is 6.25 km?
there is a possibility that all road classes are
present. The integer labels for the different
road classes are as follows:

— primary highways, looped (1)

— primary highways, not looped (2)

— secondary highways, bound surface (3)

— community roads, bound surface (3)

— secondary highways, unbound surface (4)

— community roads, unbound surface (5)

— private roads (6)

grid cells having no road or lying beyond area (9)

Primary highways were labelled according
to two classes to minimize the search of dead-
end routes and thus reduce CPU time re-

Interconnected loop configur-  Branching confi?urah’on -
ation — yhdistetty rengasmwoto haarautuva muoto

Fig. 16. Transport network configurations.
Kuva 16. Kuljetusverkkomuodot.

quirements: i.e. sections which form loops in
the Saimaa area (1) and sections which are
not looped because they truely end or con-
tinue beyond the boundary of the area (2).
The unlooped primary highway sections were
labelled manually.

The railway TRIM was formed in the
same manner as the preceding, with manual
labelling of unlooped sections. The different
track sections were labelled as follows:

— railway track, looped (1)
- railway track, not looped (2)
— rail spur (3)

As mentioned in section 423. (p. 34), some
sections of the railway network beyond the
Saimaa area had to be taken into account
since vital loops would have otherwise been
broken. Sections lying to the west and south
of the area were recorded in the spatial data-
base. However, a dummy track had to be
constructed to the north to complete a loop
formed at Kontiomiki, which is just beyond
the range of grid coverage.

When forming the water transport TRIM
another classification procedure was fol-
lowed. The major channel branches were
labelled as (1), while labels (2), (3), (4) and
(5) were assigned as further branching occur-
red. No regard was paid to whether channels
were in current use for bundle floating or not:
i.e. only to degree of branching. To reduce
CPU time requirements, gates were placed at
strategic major branches; the gate label is (6).
A gate is opened when the area serviced
by the particular branch contains a source or
destination. Similar to the road and railway
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TRIM, label (9) was assigned to grid cells
containing no channel or lying beyond the
Saimaa area.

With all methods, special consideration
had to be taken to ensure that there were no
intersections between major arteries where
there should be none; referred to as a cross-
over. This could occur since the distance
between opposite sides of adjacent grid cells
is 5.0 km; between opposite corners of
diagonal grid cells it is 7.1 km. Therefore,
although the routes may not intersect (e.g.
due to a river or peninsula) the route search
algorithms would assume they intersect if
contained in adjacent or diagonal grid cells.
Wherever the possibility of a cross-over ex-
isted the TRIM data was manually changed
to remove the cross-over possibility. The
TRIM only contain information pertaining to
the actual roads, railway tracks and channels.
Information pertaining to terminals, transfer
facilities, destinations and cost of bundle
floating by channel sections are held in infor-
mation catalogues.

Due to differences in complexity and con-
figuration of the road, railway and water
transport TRIM, separate search algorithms
were developed for each. However, the basic
search pattern is the same for all three al-
gorithms. Although the road and railway
search algorithms are similar, the road search
algorithm had to be designed to account for
the higher complexity of the road TRIM. Fig.
17 presents a part of the road TRIM with
source (28, 23) and destination (49, 37), and
the best feasible road route found connecting
the two points by the road route search al-
gorithm (29.6 km). The algorithms are de-
signed to search for a ”good” solution and not
the optimum. However, the railway and wa-
ter transport route search algorithms can be
held to give the best route in all cases. This is
due to the simplicity of their network config-
urations when compared to the road network.
The basic search pattern, while referring to
Fig. 17, is as follows:

1) the labels of the grid cells for the source and destina-
tion are examined to ensure that both are serviced by
the transport network in question. If a label (9) exists
in either one, the search is stopped and a message
given that no route exists between the two points

2) the coordinates of the source and destination are
registered into separate vectors which contain the
coordinates of the route as the search reaches out



from both points; the last entered route coordinates
correspond to the vector head

search iterations alternate between the two vector
heads. For all iterations the labels of the vector heads
are examined. If the label of the vector head to be
moved is smaller than that of the other vector head,
the search shifts to the other head. This prevents the
vector heads from passing one another. Also, with the
road and railway route search algorithms, once the
route advancing from the destination encounters a
route label of (1) the search from that head is stopped
and all searching is shifted to the route vector extend-
ing from the source. With the water transport route
the searching continues from both heads until they
meet

the grid cell labels, correspondig to the vector head to
be advanced and the eight surrounding cells, are
registered in a special (9%9) search matrix. For Fig.
17 we would have the following search matrix for the
first iteration, which is always from the source

OO w
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5) the absolute values of the differences between the

route coordinates last entered into the route vectors
for Y and X axes are calculated, and the axis having
the largest difference is given axis priority; for Fig. 17
ABS(28—49) = 21 and ABS(23—37) = 14, thus the Y
axis is given priority. If the two are equal, the Y axis
is given priority. If the absolute difference for both Y
and X axes is zero the search is stopped since inter-
section of vector heads has occurred and a route
found

once the axis priority is given the directional priority
is determined for both Y and X axes according to the
position of the vector heads in relation to each other.
The axis coordinates of the vector head toward which
searching occurs are always subtracted from the coor-
dinates of the vector head being advanced. Thus in
the first search iteration (i.e. searching from the
source toward the destination), we know the destina-
tion lies to the south and east of the source since the
differences between the Y axis coordinates is —21 and
between the X axis coordinates —14. If only one
directional priority can be given (i.e. either Y or X
axis coordinate difference is zero), special search
sequences are followed

the sequences of search for the most appropriate cell
to advance to, for the 12 priorities possible are as
follows

axis priority - Y
directional priority —

south south north north south north
and and only only
west east west
$7.7°F8.8 " F1 37815 867 4°1%
WX 44 X 272X 43X 2 "8X2
183 k3 8:0 7 7698 .4'1'5 .86 7

X

20 39 40

FRARE LR AR E R R A L AR A
Y 20 199420240 003306009%%62660
21 449662625633633265666¢€6¢
22 422224233665646333333332
23 49555233644564669565666¢
24 4993522655544444465h00h¢
29 1465996264445646465605¢
26 149633324755444466£46555¢
27 44336632566956646344¢5%¢
22 4{346063926666564¢6564€5¢
29 4132465¢4592356665466544444
30 41 %2466445253664556645635
31 4294464552549666545555¢
32 19954649252466666545555¢
32 41994564533933332335559¢5
34 4994546%762655355345¢69
395 492464923595535566364440k7
36 19%9466499535865533460646°5
37 944564695526593665654°5
38 14556546955 95463656564
29 {33333359935P4663444444
40 1996393695642662655k04d0
341 4955665366336R636655455
42 49443663363666837634555
43 49664322232655266511111
44 1 9666466533F656F01995¢5
4% 499664699353336]119923596
46 4999464699565531999555¢6
47 4999964499565565}1995558S
48 49999666426555551629659
49 4999946554992556 1602298
50 -19339645649293966 3956

Fig. 17. A part of the road TRIM with source (28, 23)
and destination (49, 37), as well as the best route
between the points found by the road route search
algorithm (route length is 29.6 km).

Kuva 17. Osa tien sijaintitietomatriisista, alkupiste (28, 23),
padtepiste (49, 37) ja lyhin reitti (29.6 km).

axis priority - X
directional priority —

cast east west west cast west
and and and and only only
south north south north

845 723 548 327 834 438
X1 BXPFMTXE 1TX66X1 1X6
72::8. 8 45y 8, 2:%5 48  71-2 8§ 5 2.7

— the search progresses through the search matrix ac-
cording to the sequence above corresponding to the
axis and directional priorities on hand

— to prevent searching in the direction just come from,
the search matrix cells corresponding to the last cell
moved from and the cells adjacent to it, are assigned
large numbers and thus blocked. This forces the vector

head forward and prevents it from turning back on
itself

during the first pass through the search matrix the first
cell encountered containing a minimum specified label
(e.g. label 1 or 2) is advanced to

if the minimum specified label is not found in any of
the possible locations then another pass is made

if a second pass is made the first cell encountered
containing a label less than or equal to the label of the
vector head TRIM cell is advanced to

in Fig. 17 the first advance would be to grid cell (29,
23) which has a road class label of 5

the coordinates of the grid cell moved to are entered
into the route vector in question (i.e. into the route
vector projecting from the source in the above exam-
ple) and thus forms the new vector head

if no cell can be advanced to (i.e. dead-end encoun-
tered) the TRIM cell corresponding to the route vec-
tor head is assigned a label of 8 and erased from the
vector. A new attempt is made to find a route between
the two points; i.e. the search backs-up until it can
advance again

|

|

!

- once a new vector head is found the search shifts to the
vector head projecting out from the other point; in this
example, to the destination

~ the same search prodedure as outlined above occurs;
i.e. (3) onward. The search matrix for the destination
is

—_— o
—w©
[ RT=J-]

since in this case we have Y axis priority, with north
and west directional priority the search sequence is as
follows

~NN W
oS-
o+ o

— searching through the information matrix we find the
first move from the destination is directly south to grid
cell (50, 37), which is entered into the route vector
projecting out from the destination

— the search now shifts to the other vector head

— as mentioned above the search continues until the
heads meet; i.e. differences between coordinates of
both heads is zero

Due to the configuration of the water trans-
port network, the first route which is found is
also the best, although the algorithm is
heuristic in nature. This is because it is the
only route available in the water transport
TRIM. Because the road and railway networks
contain interconnected loops, it is possible
that the search occurs in the wrong direction
around a loop and the initial route obtained is
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not sufficiently close to the optimum. Also, if
only major road arteries are searched once
intersected (i.e. labels 1 and 2), possible low-
er class road connections may not be
searched. This is especially important over
short distances and when moving east/west in
the area. For long distances the importance of
”short-cuts” is much less.

To alleviate the above outlined problem
resulting from the presence of the intercon-
nected loops, the loops lying between the
source and destination must be searched in
both directions. The grid cell coordinates of
the pivot points at which loops intersect, were
determined and registered into the al-
gorithms. Once the initial route is found it is
examined to determine if any of the pivot
points have been intersected. For each pivot
point intersected, the route search is rerun. In
the rerun the initial route direction at the
pivot point is closed off and the search forced
in the opposite direction. Also, once a road
label (1) is intersected by the vector project-
ing out from the source, the direction taken in
the initial route is blocked and the search
forced in the other direction. Of all the pos-
sible routes found along major arteries, the
one giving the shortest distance is chosen. In
the road route search, the possibility of a
”short-cut” had to be accounted for also. The
route search is rerun and road label classes
(3) and (4) are assigned to the minimum road
label for the first pass through the search
matrices. Therefore, the search could ad-
vance, for example, from a road label (1) cell
to one of (3) and/or (4) depending on the
rerun in question. As mentioned above, the
search for a possible “short-cut” is most bene-
ficial over short distances and when moving
east/west. If a shorter road route is found
with the inclusion of either labels 3 or 4, it is
chosen as the best feasible route found. How-
ever, the shortest route along major arteries is
also given in case it is required.

For all algorithms the location of the entire
route is registered in the route vectors. The
distance is calculated by summing the dis-
tances between individual grid cells forming
the route: adjacent 2.5 km and diagonal 3.54
km. Additional features were built into the
algorithms to save CPU time requirements,
to cut off searches if they extended too long or
entered into an internal loop, as well as for
output of the results.
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432. Transport cost determination

To obtain the costs of using the various
transport methods available, separate cost
subroutines were developed for truck, tractor
and railway transport, as well as bundle float-
ing. The cost subroutines for truck, tractor
and railway transport are based on tariff
schedules available for each method. The cost
subroutine for bundle floating is based on
actual bundle floating costs for individual
channel section in the area. All costs are for
1983 and the programs for truck, tractor and
railway transport costs are based on the tariff
schedule format for 1983. With cost changes
the programs can be easily updated by ex-
changing the cost values used. However, if
the format used for costing changes, the sub-
routine must be modified accordingly. The
explanations and definitions of the various
costs and factors are included in the tariff
schedules (Puutavaran autokuljetuksen . ..
1983, Puutavaran metsatraktorimaksut . . .
1983, Tariffitaulukot . . . 1983).

The basic truck transport rates by wood
assortments, species, transport distance, dry-
ness class and loading site class were regis-
tered in a separate file. Additional costs due
to self-unloading, bundling, dumping and
loading railway cars were included in the
program itself. The truck cost subroutine can
calculate truck transport cost for the follow-
ing conditions:

1) distance

2) wood assortment
- softwood pulpwood (green), 3 m
— softwood pulpwood (half-dry), 3 m
— hardwood pulpwood (green), 3 m
— hardwood pulpwood (half-dry), 3 m
— spruce logs (green)
spruce logs (half-dry)
— pine logs (green)
— pine logs (half-dry)
— birch logs (green)
— birch logs (half-dry)
— softwood forest chips (green)
— softwood forest chips (half-dry)
— birch forest chips (green)
— birch forest chips (half-dry)
— other hardwood forest chips
3) loading site class
— site class 1
— site class 2
— site class 3
4) wood source
— roadside (i.e. at roadside in forest)
— buffer storage (i.e. intermediate landing)
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unloading method
— large crane, bridge, forklift (min. 0.5 bunk/lift)
— mobile unloader
— truck self-unloading
— dumping (i.c. tipping to side)
6) unloading destination or form
— railway car
— storage pile
— grapple pile
— heap or spread into water
— bundle (wire rope with lock binding)
7) payment rate
— basic rate schedule (factor = 1.0)
— objective (goal) rate schedule (factor = 0.95)

&

truck type

— 3 axle truck and 2 axle trailer

— 3 axle truck and 3 axle trailer

— 4 axle truck and 2 axle trailer

number of bindings per bundle; the type of binding
used is wire rope with lock

£

By entering into the subroutine the trans-
port distance, wood assortment, species and
loading site class, the basic rate is obtained.
The codes corresponding to the remaining
conditions are examined and additional costs
added accordingly: e.g. if unloading method
code = 4 then additional cost of 10.00 FIM
per truck. Some additional cost factors were
not included in the subroutine since they had
no direct effect on this study: e.g. poor forest
road, shuttle loading, trailer use not possible,
gathering of small piles, partial loads, sorting,
waiting delays, transport on Sunday or other
special holidays, winter road bonus and inter-
national transport. Of the many different
pulpwood lengths differentiated in the tariff
schedule, only 3 m pulpwood was included.
Also, all loading was by self-loading.

In the tractor transport cost subroutine the
sections of the cost schedule dealing with
extended primary transport, transport from
roadside and buffer storage, and the addition-
al costs involved were only included. All costs
were included directly within the subroutine.
The cost of tractor transport could be deter-
mined in a manner similar to the truck trans-
port cost subroutine by entering the codes for
the following conditions into the program:

1
2

distance

wood assortment

- softwood pulpwood (2.6—3.5 m)
~ hardwood pulpwood (2.6—3.5 m)
— softwood logs (< 7 m)

— hardwood logs (< 7 m)

3) dryness class
— green (i.e. fresh)
— half-dry
~ dry
4) payment rate
— basic rate schedule (factor = 1.0)
~ objective (goal) rate schedule (factor = 0.95)
5) unloading destination or form
— railway car (self-unloading)
— water (bundling rack and wire rope with lock)
- storage pile
— crane (railway terminal)
— crane (millyard)
6) driving speed of tractor on road
— minimum speed is 4.0 km/h
~ maximum speed is 30.0 km/h
7) type of transport
— extended primary transport (max. dist. 40.0 km)
— transport from roadside storage (max. dist. 40.0
km)
— transport from buffer storage (max. dist. 1.0 km)

The railway transport cost subroutine in-
corporated the use of a file containing the
basic costs and the subroutine itself. Costs are
calculated in the same manner as with the
above subroutines. Only cost data for average
wagon loads of 25 m® (2 axle wagons) and 50
m* (4 axle wagons) were included. The rail-
way transport cost is determined according to
the following conditions:

1) distance (max. dist. 500 km)

2) wood assortment

— softwood pulpwood (green)

~ softwood pulpwood (dry)

~ hardwood pulpwood (green)

~ hardwood pulpwood (dry)

— spruce logs (green)

— spruce logs (dry)

— pine logs (green)

— pine logs (dry)

— birch logs (green)

— birch logs (dry)

railway terminal class (dispatch)

— railway terminal without stationary crane
— railway terminal with stationary crane

&

4) discount rate

Special discounts are given in railway
transport if a certain volume is transported
per year and per train. The discount given
also varies by transport distance. During the
time period of this study larger discounts
were given on shorter distances. However, an
across-the-board discount of 30 % was used
in all cost calculations during the study, irre-
spective of transport distance. The use of the
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above uniform discount allows easy conver-
sion of the cost functions presented in section
57. (p. 66), if desired, according to a firm’s
own negotiated discount schedule.

Since cost schedules are not employed in
bundle floating, the cost subroutine had to be
designed in another manner. As mentioned in
section 23. (p. 21), bundle floating in the
northern part of the area and at two channel
bottlenecks in the southern part is by
cooperative floating. For this reason there are
very accurate costs available by channel sec-
tions. In the private floating area, there are
no major channel restrictions affecting the
cost significantly. For this reason average
costs could be assigned to the various channel
classes: i.e. channels Is, IIs, IIIs and IVs. In
the northern half, the channels are restricted
at many points and the presence of individual
bundle transfer facilities, narrow bridges,
etc., have a significant effect on the cost com-
petitiveness of individual channels.

Depending on the homogeneity of a water-
course in the cooperative floating areas, the
channel sections used in costing vary from 1
to 93 km in length. To obtain the cost to tow
wood through each channel section for the
bundle floating cost subroutine, bundle tow-
ing costs statistics from 1970 to 1982 were
examined. Linear regression was used to pro-
ject costs for 1983. Linear regression was used
to even out variations in costs between years
and allowed the projection of costs where
current floating cost data were unavailable.
The cost projections for subsequent years can
be obtained by replacing the oldest costs with
new costs as they become available and re-
running the linear regressions. If a certain
channel was no longer in use, the linear re-
gression cost projection was based on the
costs from 1970 up to the year last floated in.

Some adjustment of the costs may be re-
quired. One example during this study was
on the Iisalmi channel where the construction
of two locks significantly reduced towing
costs. Whenever physical changes occur in a
channel and thus the basis for cost compari-
sons changed, only the costs following the
change are taken into account.

After the 1983 projected costs were ob-
tained for floating wood through each chan-
nel section, the coordinates of all grid squares
containing a floating channel were listed. The
grid cells corresponding to the channel sec-
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tions were assigned the projected costs. For
the channels in the private floating area actu-
al average bundle towing costs by channel
classes were obtained from the companies
floating in the area and assigned by grid cell
coordinates. The same costs were used irre-
spective of wood assortment.

In addition to actual bundle towing, there
are a number of other costs which must be
accounted for. Binding fastening and dump-
ing costs are included in the truck and tractor
cost subroutines and are thus omitted from
the bundle floating cost subroutine. However,
the following additional costs (i.e. terminal
costs) were taken into account:

1) bundle bindings
2) dumping terminal maintenance (equipment, ramps
and site)

3) forming of dumping stores on ice
4) raft forming

After examining all cost statistics for the
Saimaa area, an average terminal cost of 5.00
FIM was assigned irrespective of terminal
location or volume dumped. In reality annual
terminal costs vary according to volumes
dumped, maintenance costs for the year (e.g.
more extensive maintenance work may only
be done every second or third year at some
terminals), winter conditions (e.g. effect on
ice thickening and snow removal) and termi-
nal improvements (e.g. effect on depreciation
costs). However, a separate study is required
to isolate the effect of volume dumped on
terminal cost. Due to the above cost differ-
ences, the floating associations assign dump-
ing terminal costs by districts to avoid
“favouring” of terminals: e.g. if some larger
investment was made at one terminal its de-
peciation cost would be higher and thus its
user cost higher.

The direct cost of bundle floating is calcu-
lated by summing the bundle towing costs for
each grid cell forming the floating route be-
tween the source and destination, and the
terminal cost.

In the cost subroutines the cost of mill
receiving is not included. This is because it
varies widely between mills. At some mills
there is no difference between road, rail and
water transport, while at other mills there are
large differences. If actual mill receiving costs

are not available to the reader, then the fol-
lowing general costs can be added to the final
costs if desired (determined from actual mill
receiving costs): road transport 3.50 FIM/m’,
railway transport 5.00 FIM/m* and bundle
floating 5.00 FIM/m’. Interest costs on
money invested in wood, due to the various
transport methods, were not included in the
cost subroutines. With an integrated trans-
port policy employing all methods available
in harmony, the effect of interest is not deci-
sive in transport method choice due to the
seasonal and annual variations inherent to
wood procurement (section 52., p. 51). The
cost effect of transport method on wood quali-
ty and mill processing is not included in the
subroutine due to their unavailability. Vesi-
kallio (1979) states that protecting wood
quality during transport is as important as
the direct transport costs themselves. As ap-
parent from sections 221. and 222. (pp. 19
and 20), if wood must be stored due to incon-
gruence between wood procurement and mill
consumption, bundle floating has the least
impact on total wood holding costs of the
methods available; especially if bundles are
rotated or sprinkled with water.

433. Search algorithm and cost subroutine synthesis

BASDATSERCH is the name given to the
master program combining the heuristic
search algorithms for road, railway and water
transport routes between two points, and cost
subroutines for truck, tractor and railway
transport, and bundle floating. For truck and
tractor transport the objective wage rate (fac-
tor = 0.95) was used. Tractor transport was
extended primary transport. The operation of
the program is as follows:

1) the grid coordinates of the source and destination
are fed into the program

2) the type of wood assortment to be transported, as
well as the loading site class are entered

3) the program then checks that both the source and

destination are serviced by a road; if not the run is

stopped and a message given that no transport is

possible. The program does not account for the

logging of shore and island forests where water

transport is the only possible transport mode

the program determines whether the destination is

serviced by a railway and/or water transport chan-

&

nel. If access to the destination by one or both
methods is not possible, the route search for the
method(s) in question is not initiated. Similarly, the
search by either method is only activated if a trans-
portable wood assortment is in question

if wood can be delivered by bundle floating then the
program will determine the five closest bundle float-
ing terminals based on straight-line distance. The
program has the capacity for ten terminals but it was
found that five was sufficient

&)

6) road routes and distances are determined between
the source and five terminals, and the cost of initial
transport to each terminal calculated for both truck
and tractor transport. If the distance exceeds 40 km
no tractor transport cost is calculated

~

bundle floating routes are then determined between
the five terminals and the destination, and the direct
cost of bundle floating from each terminal calculated

L)

total bundle floating cost to the destination is calcu-
lated via all five terminals using tractor and truck
transport

L

all information obtained above is outputed. The
dumping terminal class is also printed to give the
decision-maker knowledge about terminal availabili-
ty for dumping (i.e. | — summer use, 2 — winter use, 3
— all year). Ten terminals which are no longer in use
were included in the list of available dumping termi-
nals to determine if they had been justifiably aban-
doned and are referred to by class +

10) steps 5) through 9) are repeated for railway trans-
port. In addition, the type of railway terminal (i.e.
stationary crane or not) has to be examined when
calculating the cost of initial transport to the ter-
minal

11) the road route connecting the source and destination
is determined, and the truck and tractor costs calcu-
lated and outputed

An example of the BASDATSERCH out-
put for the transport of 3 m (half-dry) soft-
wood pulpwood and loading site class 2, be-
tween source (47, 45) and destination (54, 35)
is given in Appendix A (p. 87).

BASDATSERCH only presents informa-
tion for the decision-maker to employ in
choosing the best long-distance transport
method and if applicable, the best terminal
via which wood should be transported. The
above information would have to be com-
bined with the other factors listed in section
22. (p. 17) affecting the choice of transport
method. A more detailed analysis would be
required at marginal zones where there is
little difference between transport method
costs. BASDATSERCH is not an optimiza-
tion technique, although information gained
from it can be used in mathematical pro-
gramming if desired. Each run of BASDAT-
SERCH only gives information between one
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point and destination. Thus, in the form it is
now, the program must be rerun entirely if
costs for multiple sources and/or destinations
are required. There would be no difficulty in
expanding the program to handle multiple
destinations in one run and thus reduce pro-
cessing time requirements. The inclusion of
multiple source handling in one run would
not appear to have much benefit in regard to
reducing processing time. The inclusion of a
learning function to store route distances and
floating routes as they become known for
future use would also seem to be applicable.
It must be remembered that BASDAT-
SERCH is a prototype and there is much
room for improvement.

434. Dirichlet tessellations

A dirichlet tessellation is a mosaic formed
of dirichlet pavements. Lehnhausen and
Lohmann (1981) define a dirichlet pavement
as containing all points of a plane under
consideration which are closest to a focal
point: e.g. dumping terminal, railway termi-
nal or mill. The dirichlet pavements are poly-
gons which intersect each other only at their
edges. Adjacent dirichlet pavements are cal-
led dirichlet neighbours. Determining dirich-
let pavements from spatial data for analysis
can be held as a part of heuristic program-
ming. They are derived through heuristic
means and can be employed in further heuris-
tic investigation, for example:

1) determining interface/fringe areas where detailed at-
tention can be focused

2) determining theoretical spheres of influence based on
shortest straight-line distance

3) demarcation of an area, either preliminary or final

The formation of dirichlet pavements em-
ploying grid referenced spatial data is
straightforward. First, the coordinates of the
focal points must be specified. Straight-line
distances are then calculated between each
grid cell and all focal points, and the grid cell
is assigned the code of the closest focal point.
Once all grid cells have been assigned to a
focal point we have a dirichlet tessellation.

Straight-line distance is calculated by de-
termining the difference between Y and X
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axes coordinates for the grid cell to be as-
signed and the grid cell containing the focal
point. To get the distance the coordinate
differences are multiplied by 2.5 km.
Pythagorean’s theorem is used to calculate
the length of the straight-line between the two
points (i.e. the hypotenuse). Straight-line dis-
tance between points was also used for the
basic comparisons between the transport
methods. This is because distances of trans-
port routes from the same point vary accord-
ing to method (section 57., p. 66).

When using dirichlet tessellations it must
be remembered that the only priority for
demarcation is straight-line distance. Other
factors, such as geographic obstacles, should
be accounted for in any analysis using dirich-
let tessellations. However, the major use of
dirichlet tessellations relates to heuristic pro-
gramming. This is because it can be used to
focus further attention on certain areas, while
other areas can be excluded from the prob-
lem. Also, the approximation algorithm using
“cascading, fixed charges” presented by
Dykstra (1976), and Dykstra and Riggs
(1977) could be used in more detailed exami-
nations of facilities location problems.

435. Other heuristic programming applications

The remaining heuristic programming ap-
plications cannot be defined in any structured
way in this section. Since each application
was unique they will be outlined along with
the results in section 5. The practical applica-
tions of the spatial database — heuristic pro-
gramming system outlined in section 5., em-
ploy combinations of the methods outlined
above, as well as special manipulation of data
stored in the system or obtained during some
of the analyses. Heuristic programming was
used to employ the above information and
thus shed additional light on the transport
problem in the area. Also, in no way do the
applications in section 5. exhaust the possible
uses of the spatial database — heuristic pro-
gramming system in long-distance transport
decision-making.

44. Verification and validation
441. Spatial database

Verification refers to ascertaining the cor-
rectness, while validation refers to ascertain-
ing whether the desired result is obtained,
and whether it is sound and well justified. As
mentioned in section 423. (p. 33), the useful-
ness of the system is only as good as the
information contained in it. Therefore, con-
siderable editing of the data was required to
verify that the data was correct.

The data was verified by examining each
information matrix formed for the charac-
teristics stored in the spatial database. All
discrepancies found were corrected. The in-
formation matrices and catalogues were
cross-referenced to each other, as well as
to the original map mosaic. Names of ter-
minals, classes, volumes dispatched, etc.,
were all verified. Field experts familiar with
the area examined the data to ensure there
were no discrepancies. Some dumping termi-
nals were found to have two names. In these
cases the name which seemed to be more
commonly used was employed. Also, the spa-
tial database and associated data had to be
continously updated as new information be-
came available. This is an integral part of a
system employing a large database. Another
integral part of such a system is to monitor
the results to pick up any errors which may
have been overlooked: e.g. a ferry with lim-
ited carrying capacity may effectively block
truck transport along a route. The TRIM for
the route searching matrices required exten-
sive editing to ensure that cross-overs were
not possible. The results from the heuristic
search algorithms were continuously moni-
tored to remove any discrepancies which ap-
peared.

To validate that the proper area, water-
sheds and water coverage had been regis-
tered, information matices for the above were
examined to determine how closely they cor-
responded to the values given by Seuna
(1971). Information relating to the compari-
son are presented in Table 6.

When comparing the values above, we find
that the spatial database information (data-
base) for watersheds gave areas slightly
larger than Seuna (1971). However, the dif-
ferences between the two sets of data was very

-
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Table 6. Saimaa area watershed information determined from the watershed and lake coverage information matrices

(database) and by Seuna (1971).
Taulukko 6. Saimaan alueen vesistijen pinta-alat ja jarvisyys.

Watershed Area lying in Finland

Lake coverage 3

vesisti pinta-ala Suomessa, km’ Jarvisyys, %
Database Seuna (1971) Database Seuna (1971)

Janis River 1975 1970 9.5 6.1
Kitee River — 756 755 9.8 74
Tohma River

Hiitola River 988 960 19.8 18.0
Vuoksi 52 831 52 390 24.1 21.3
Total 56 550 56 075 233 20.5

small and for the total area the difference was
only 0.8 %. We can therefore conclude that
the area covered by the spatial database cor-
responds very well to the actual area. For the
calculations of lake coverage it was found that
the spatial database gave higher lake cover-
age percentages than given by Seuna (1971);
2.8 % higher for the area on the whole. It
appears that over-estimation of the lake
coverage occurred. Therefore, a new informa-
tion matrix for lake coverage was formed by
reducing the lake coverage values of the grid
cells in each watershed according to the dif-
ferences between the spatial database and
Seuna (1971).

The TRIM for the route searching al-
gorithms were verified in connection with the
validation of the route searching algorithms.

442. Route searching algorithms

After the subroutines for the road, railway
and water transport route search algorithms
were written, they had to be verified to ensure
they contained no programming errors. All
syntax and major programming errors were
labelled by the computer. However, the pro-
grams had to be examined to ensure they
were no hidden programming errors. Once
the subroutines had been verified, they were
used to search for transport network incon-
sistencies in the TRIM.

Analysis of variance (one-way classifica-
tion with sub-sampling), combined with Stu-
dent-Newman-Keul’s multiple range test,
were used to analyse the accuracy of the route
search subroutines: i.e. validate that they
work properly. The objective was to deter-
mine if differences existed between: manually
measured and search algorithm route dis-
tances; distances for the three transport
methods; and direction of search (i.e. from
source to destination and from destination to
source). For an explanation of the statistical
methodology refer to Steele and Torrie
(1960).

Twenty-six grid cell locations were chosen
throughout the area. Each location was close
to or at a railway and water transport termi-
nal intersection, and all three transport net-
works intersected at the locations (Fig. 18).
The distances from each grid cell to the re-
maining 25 were determined for the following
experimental units:

1) water transport — manually measured — destination
to source

2) water transport — manually measured — source to
destination

3) railway transport — manually measured — destina-
tion to source

4) railway transport — manually measured — source to

destination

5) road transport — manually measured — destination to
source

6) road transport — manually measured — source to
destination



Fig. 18. Highway grid map showing the 26 grid cell
locations for the analysis of the route search al-
gorithms.

Kuva 18. Reittien etsimisalgoritmien tarkistuspisteiden sijainnit
valtateiden ruudukkokartalla.

7) water transport — search algorithm — destination to

source

8) water transport — search algorithm — source to desti-
nation

9) railway transport — search algorithm — destination to
source

10) railway transport — search algorithm — source to
destination

11) road transport — search algorithm — destination to
source

12) road transport — search algorithm — source to desti-
nation

The manually measured road and waterway
transport distances were minimum distances
between points measured manually from the
map mosaic. The manually measured dis-
tances for railway transport were from dis-
tance tables of the State Railways.

The analysis of variance and Student-New-
man-Keul’s multiple range test results were as
follows (distances are km):

ANOVA TABLE

Source of variation df SS MS VR

SU 11 4337722

— treatment 1 12 952 12 952 0.03"™

- EU/TR 10 4324770 432477 31.56™

SU/EU 4200 57 546 401 13 702

Total 4211 61884123

EU = experimental unit

SU = sampling unit (i.e. replications)

EU/TR = variation among experimental units within treatments (i.e
experimental error)

SU/EU = variation among sampling units within experimental units (i.e.

sampling error)

Treatment means were as follows:
— treatment (1) = 191.0
— treatment (2) = 194.5

Experimental unit means were as follows:

— EU mean (1) = 234.2
— EU mean (2) = 234.2
— EU mean (3) = 184.5

— EU mean (4) = 184.5
— EU mean (5) = 154.3
— EU mean (6) = 154.3

— EU mean (7) = 236.9
— EU mean (8) = 236.9
— EU mean (9) = 183.5
— EU mean (10) = 183.5
— EU mean (11) = 162.1
EU mean (12) = 164.3

|

There was no significant difference between
manually measured and search algorithm
distances. There were highly significant dif-
ferences between the experimental unit
means within the treatments.

Least Significant Range Table

Value of p,,

q.05 (Pmn2) w05 q01 (Pmm2) wol
2 2.77 17.31 3.64 22.74
3 3.31 20.68 4.12 25.74
4 3.63 22.68 4.40 27.49
5 3.86 24.12 4.60 28.74
6 4.03 25.18 4.76 29.74
7 4.17 26.05 4.88 30.49
8 4.29 26.80 4.99 31.18
9 4.39 27.43 5.08 31.74
10 4.47 27.93 5.16 32.24
11 4.55 28.43 5.23 32.68
12 4.62 28.87 5.29 33.05
Table of Mean Differences
Mean 6 511 1210 9 4 3 2 1 8
7 83 83 75 73 54 54 52 52 3 3 0
8 83 83 75 73 54 54 52 52 3 3 0
1 80 80 72 70 51 51 50 50 0 O
2 80 80 72 70 51 51 50 50 0
3 30 30 22 20 1 1 0 O
4 30 30 22 20 1 1 0
9 29 29 21 19 0 O
10 29 29 21 19 0
12 10010 2 0
11 8 8 0
5 0 0
6 0
Table of Significance Levels
Mean 6 511 1210 9 4 3 2 1 8
7 LA L L L L L T ns ns ns
8 *5 ww ws wx kk ke e oo
l LA L L L L L T 1 ns
9 T
3 * * ns ns ns ns ns
4 * ** ns ns ns ns
9 * ** ns ns ns
10 TR T
12 ns ns ns
11 ns ns
5 ns
6
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From the Table of Least Significant Differ-
ences the following conclusions can be made:

1) there were no significant differences within transport
methods (i.e. no difference between manual and
search algorithm distance, or whether the search
began from the source or the destination)

2) water transport route distances were (highly) signifi-
cantly longer than for the other methods

3) there was no significant difference between manually
measured railway distance and search program mea-
sured road distance

4) there was no significant difference between search
program railway distance and search program road
distance when the search was from the destination to
the source, otherwise the railway route distance was
significantly longer than road route distance

5) manually measured road route distances were (high-
ly) significantly shorter than for railway or water
transport routes

Although there was an insignificant differ-
ence between the two directions of search for
the road route search algorithm, both road
and railway route search algorithms were
improved. The small difference which did
exist was due to a situation where searching
occurred in the wrong direction around a
loop. To correct the situation the use of pivot
points (section 431., p. 39) was added to both
algorithms. Following the improvement there
was no difference between direction of search.
Inclusion of road route classes 3 and 4 in the
initial pass through the search matrix (i.e.
search for a “shortcut”) reduced the differ-
ence between the manually measured and
algorithm determined distances.

A new test of the road route search al-
gorithm was made. The goal of the second
test was to determine if any difference still
existed between manually and algorithm de-
termined road distance after the improve-
ments to the algorithm. Searches in opposite
directions were no longer required due to the
algorithm improvements. Actual road dis-
tances measured in the terrain were included
to determine if any differences existed. Nine-
teen road routes were tested throughout the
area, having a total actual road distance of
1 535.9 km. All public road classes were in-
cluded. The route distances varied between
15.1 and 299.0 km (actual road distance).
The results from the analysis of variance
(one-way classification) were as follows:
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ANOVA TABLE

Source of variation df SS MS VR

Treatment 2 53.1 26.6  0.006™

Error 54 239 908.4 44427

Total 56 239 961.5

1) map measured distance - x= 785km
—ZX = 1491.0 km

2) actual road measured distance — x = 80.8 km
—ZX = 1535.9 km

3) algorithm determined distance — %= 79.6 km
—ZX = 1512.3 km

straight-line distance - x= 586km

—ZX = 11125 km

As apparent from the analysis of variance
there were no significant differences between
map measured distance, actual road distance
and road route search algorithm distance.
The algorithm now gave an average road
distance 1.014 times longer than the average
map measured distance; compared to 1.051
times longer before the improvements to the
algorithm. Of special interest was that the
actual average road distance was the longest
of the three, while the algorithm average
distance was between map measured and
actual average distance. The actual distance
is longer due to elevation changes which are
not accounted for in the map measured dis-
tance. Also, when measuring distances on a
map the corners tend to get “rounded off”.
When compared to the straight-line distance,
average map (manual), actual and algorithm
measured road distances were 1.34, 1.38 and
1.36 times longer, respectively. From the
above tests it can be concluded that the
heuristic search algorithms give sufficiently
”good” routes and distances, and are thus
valid for finding the routes between points in
subsequent analyses.

443. Costs subroutines

The basic cost information used for the
truck and railway transport, and bundle
floating cost subroutines were verified to en-
sure no errors existed. Following this each
subroutine was validated by running the
programs for all possible conditions built into
the subroutines and checking the results with
values calculated manually. It was found that
distances from the route search algorithms
had to be rounded off: e.g. the distance 59.95
km fell neither into interval 50.0-59.9 nor
60.0-69.9.

The route search algorithms also give the
possibility of using cost functions for deter-
mining road transport costs. The lengths of
travel over different road classes are available
from the road route search algorithms. Once
cost functions are available, keeping the cost
subroutines up-to-date would be much sim-
plified. Since railway transport tariffs are de-
termined by government policy it is difficult
to use cost functions. However, if the actual
cost figures are available a cost function could
be developed for what the cost should be. The
importance of the cost of individual channel
sections in water transport would preclude
the use of a cost function.

444. BASDATSERCH

Since all data used in the route search
algorithms and cost subroutines, as well as
the programs themselves, were verified and
validated, all that was required for verification
and validation of BASDATSERCH was to
ensure that all the separate parts worked
properly together. For a number of different
situations each part was run separately and
then added together manually for the final
result. The results obtained from BASDAT-
SERCH were then compared to the above to
ensure there were no differences. BASDAT-
SERCH results were compared to standard
cost employed by Tehdaspuu Oy to ensure
reliable results were obtained.

5. PRACTICAL APPLICATIONS

51. General

The spatial database — heuristic program-
ming system was applied to achieve the other
goal of the study. At the same time the sys-
tem’s applicability as an aid in long-distance
transport decision-making was tested. Most
of the following examples deal mainly with
bundle floating. However, in no way do the
examples below exhaust the possible uses of
the system. Also, the techniques used can be
further refined to obtain more information.
Information gained through the examina-
tions can in turn be used for further examina-
tion: e.g. in mathematical programming. As
mentioned earlier, the spatial database —
heuristic programming system is meant to
provide information to aid decision-making
and not to be a source of ready answers.

52. Wood procurement variations

Variations between the amount of wood
available for delivery and required at the mill
directly effect the size of inventories required.
Peltonen and Vesikallio (1979) state that if
wood procurement was uniformly distributed
throughout the year, a saving in wood pro-
curement costs of 4 to 5 FIM/m® (1979 cost)
would accrue. However, if wood storage is
required during the summer, water storage is
generally held as the best method (section
221., p. 19); thus favouring water transport.
On the other hand, most critics of water
transport state that overly large inventories
are required, since wood can only be deliv-
ered during the navigational season and thus
interest costs make it uneconomical to use.
For example, Eskelinen (1984) employs an
interest cost of 11.90 FIM/m® for bundle
floated wood, while there is no interest cost
for truck or railway transported wood. The
question therefore is; what is the direct effect
of bundle floating on inventories required at
roadside, in transit and at the millyard?

Monthly statistics of industrial cuttings for
all Finland published by the Ministry of
Labour Affairs until 1981 and since then by
the Finnish Forest Research Institute, were
examined to determine if seasonal variations
in wood procurement have decreased. To
ensure the data is comparable, each harvest-
ing year was examined separately. Fig. 19
presents the monthly industrial cuttings since
mid 1964.

The monthly cutting volumes were ex-
amined to determine the shares of winter
(November to April) and summer cuttings
(May to October) of total cuttings, as well as
the standard deviations (s) and coefficients of
variation (CV), for each harvesting year. The
share of delivery cuttings from private forests
of all industrial wood cuttings was also deter-
mined. The above information is presented in
Table 7.

During the last four harvesting years, an
average of 63.75 % of industrial wood cut-
tings still occurred during the winter. As
apparent from Fig. 19, cuttings during July
are at a minimum. When the data in Table 7
is examined closer, it appears that there is a
positive relationship between the size of CV
and the share of delivery fellings from private
forests: i.e. CV was smallest when the share
of delivery sales from private forests was at a
minimum (1980-81) and has increased in
past years with the increase in the share of
delivery cuttings from private forests. If the
share of delivery sales from private forests
remains at its present level, it appears there is
not much industry can do to distribute cut-
tings more uniformly throughout the year.
Also, even when the share of delivery sales
from private forests was at a minimum of 17
%, 60 % of cuttings still occurred during
winter.

There are other factors which would also
seem to limit uniform cutting throughout the

year: e.g. forest accessibility due to ground
bearing strength (Haarlaa 1973, Saarilahti
1982), and detrimental effects of harvesting
operations to the site and residual stand
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Table 7. Information about industrial wood cuttings by harvesting years.

Taulukko 7. Markkinahakkuutiedot hakkuuvuosittain.

Harvesting year Share of cuttings s, Ccv Share of delivery sales
hakkuwuosi osuus hakkuista, % +/= M(m®) from private
Winter Summer forests
talvi kesi toimituskauppojen osuus
1964-65 71.5 28.5 1.634 0.57 0.45
1965-66 63.5 36.5 0.984 0.40 0.41
1966-67 69.0 31.0 1.219 0.51 0.42
1967-68 67.7 323 1.199 0.50 0.43
1968-69 71.0 29.0 1.438 0.51 0.42
1969-70 69.1 30.9 1.472 0.48 0.39
1970-71 67.8 32.2 1.376 0.43 0.33
1971-72 66.4 33.6 1.278 0.45 0.31
1972-73 68.7 31.3 1.316 0.46 0.29
1973-74 63.5 36.5 1.056 0.36 0.25
1974-75 63.0 37.0 0.957 0.34 0.22
1975-76 60.3 39.7 0.774 0.39 0.18
1976-77 62.1 37.9 0.808 0.33 0.18
1977-78 64.9 35.1 0.897 0.39 0.19
1978-79 63.8 36.2 0.867 0.48 0.22
1979-80 59.2 40.8 1.083 0.36 0.20
1980-81 60.2 39.8 0.916 0.28 0.17
1981-82 62.9 37.1 1.270 0.36 0.20
1982-83 68.2 31.8 1.529 0.44 0.26
1983-84 63.7 36.3 1.177 0.37 0.27
Monthly industrial wood fellings -
markkinahakkuut (ainespuu ) kuukausittain,
M(m3) 6_
5 3
4 4
3 3
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Fig. 19. Monthly industrial wood cuttings.
Kuva 19. Markkinahakkuut (ainespuu) kuukausittain.

(Kérkkainen 1973). Adverse winter condi-
tions, such as deep snow and severe cold,
increase the cost of winter cuttings on the
other hand. Another factor is the availability
of roads for transport, since it varies through-
out the year (Fig. 9, p. 18) and between years.
There are also large variations in wood re-
quirements between years (i.e. market condi-
tions) (Table 2, p. 14). The above make
uncertainty a major factor which must be
accounted for in wood procurement decision-
making. The only way to reduce the effect of
uncertainty is to employ inventories: i.e.
standing, roadside, intermediate and mill-
yard. As mentioned is section 221. (p. 18), the
effect of running out of wood is much greater
at large wood processing mills, than at small
mills.

The problem of where or how large inven-
tories must be to minimize wood procure-
ment costs is not examined here. However,
heuristic programming was used to deter-
mine the theoretical size of wood inventory
required at roadside, in transit and at the
millyard to ensure a mill does not run out of
wood; assuming perfect knowledge of cutting
and transport volumes throughout the year,
and uniform consumption of wood at the mill.
Using this information the interest cost due
solely to bundle floating could be calculated.
In the analysis, the years 1972 to 1983 were
examined separately. It was assumed that a
large integrated complex was in question and
the total volume cut during the year was
consumed equally each month. For bundle
floating, it was assumed that the distribution
of wood deliveries during June, July, August,
September, October and November was 10,
30, 30, 15, 10 and 5 %, respectively. The
monthly distribution for truck delivered wood
depended on its share of delivered volume.
The most uniform distribution for delivered
wood was aimed for, while taking into ac-
count spring and fall break-up periods, possi-
bility of delivering wood by water and trucks
required to haul wood to dumping terminals.
For 100 % truck transport the volume deli-
vered throughout the year was uniform. The
monthly industrial wood cutting statistics for
all Finland were used for the distribution of
monthly cuttings in each year. An algorithm
was developed to solve the above problem.
The algorithm first calculates inventory bal-
ances at roadside and at the mill according
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to the above distributions. The monthly in-
ventories are then adjusted to ensure no wood
shortages would occur: i.e. starting and year-
end inventories were required for each year.
The average inventory level for the year was
calculated from the monthly levels. The cri-
terion for the minimum inventory was that
the mill could not run out of wood. Railway
transport was not accounted for since railway
rolling stock should be used uniformly
throughout the year due to the high capital
investment in rolling stock and since its
availability for delivering wood is similar to
truck transport. The theoretical minimum
inventories possible for each year with 0, 25,
40, 50, 66, 75 and 100 % of the annual wood
requirement delivered by bundle floating are
presented in Fig. 20. It must be remembered
that in the analysis we are dealing only with
the inventory after extraction and the trans-
port methods available are used in harmony
so that the deficiencies of each method are
supplemented by the others.

The average theoretical minimum inven-
tory possible was a 0.81 month wood supply
with 100 % truck transport. The maximum
and minimum values for 100 % truck trans-
port were 1.17 and 0.54 months, respectively.
Wood supply in this sense means wood at
roadside, in transit to the mill and at the mill.
Eskelinen and Peltonen (1977) state that the
optimum size of roadside and millyard inven-
tories would be 0.48 and 0.12 months wood
supply, respectively. These values correspond
to only the minimum inventories obtained
with 100 % truck transport during 1972 to
1983, and assuming perfect certainty in wood
supply and requirements. If we also account
for uncertainty in wood procurement and if
no wood shortage was to be allowed during
the above period, the average inventory when
using truck transport should have been at
least a 1.17 month wood supply. For 100 %
bundle floating the average, maximum and
minimum values were 7.15, 7.30 and 6.92
months wood supply, respectively. There is a
6.1 month inventory level difference between
using 0 and 100 % bundle floating. If an
approximate average cost for wood of 200
FIM/m® and an interest rate of 16 %/a are
used, the resulting interest cost difference is
15.67 FIM/m®. Similar calculations for the
remaining shares of bundle floating give the
following results:
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— 25 % share — interest cost difference = 0.50 FIM/m® (0.20 month)
—40 % share — . = 1.69 g (0.68 month)
—50 % share — " =286 " (1.15 month)
~66 % share — ' = 6.51 ” (259 month)
— 75 % share — 2 = 895 L (3.54 month)

Fig. 20 shows that the relationship between
inventory level and share of bundle floating is
not linear. Thus, for conceivable levels of
bundle floating use, the effect of interest cost
is much reduced. Since the share of bundle
floating in the Saimaa area is about 35 to 38
% of delivered volume, we can calculate the
average interest cost due solely to bundle
floating to be about 1.40 FIM/m’. This as-
sumes an average cost of wood in inventory of
200 FIM/m® and an interest rate of 16 %/a.

Inventory level, month -
varaston suuruus, kuukausi

%]

74

44

In conclusion, the additional wood inven-
tory required at roadside, in transit or at the
millyard in the Saimaa area due solely to
bundle floating, is approximately a 0.6 month
wood supply. Althought interest is not added
to the costs calculated in the study, an aver-
age additional interest cost of 1.40 FIM/m’®
for bundle floating can be added to its cost
when comparing it to the other methods, if
desired. The theoretical interest costs which
would accumulate after extraction, for both
land and water delivered wood, can be calcu-
lated from Fig. 20. Also, if actual wood as-
sortment values are available to the reader,
the above can be used to determine the actual
interest costs by wood assortments due solely
to bundle floating. The above does not take

Y =075-0462-X + 6.963-X7
RZ=0.99, VR=5251.2, n= 84
— — — -95% CL forY

T T T M

T % 4
05 06 07 08 09 10

Bundle floating share -
nippu-uiton osuus

Fig. 20. Theoretical minimum inventories required to ensure no wood shortage occurs at the mill
for various shares of bundle floating and truck transport delivered wood.

Kuva 20. Teoreetti. inil ton rii

P

nippu-uiton ja autokuljetuksen kuljetusosuuksista.

into account variation between years, which
would result in larger inventories. Larger in-
ventories due to other factors would in turn
reduce the additional interest cost due solely
to bundle floating. Although no cost informa-
tion is available, when wood inventories are
required the difference in wood holding costs
in favour of bundle floating would seem to
outweigh any interest cost due solely to bun-
dle floating; especially with softwood sawlogs
and pine pulpwood. This requires further
study however.

53. Terminal dirichlet tessellations

To examine the theoretical service areas for
railway and bundle floating terminals in the
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Saimaa area, dirichlet tessellations were
made for all railway terminals available (n =
99), railway stations with stationary cranes
(n = 21) and bundle floating terminals in use
(n = 86). Railway terminals were included
irrespective of whether they were in the
Saimaa area or not. However, dirichlet pave-
ments in the area were assigned to only 98 of
the terminals available. Although there were
88 bundle floating terminals actually used
during 1980 to 1982, terminals in use refers to
terminals in continuous use. For this reason
Partakoski (126, 36) was not included since it
was only used once during the period, and
Tappuvirta (84, 51) was no longer in use after
1981. The dirichlet tessellations are presented
in Fig. 21, 22 and 23. Since grid cells were
assigned in the tessellations, the borders be-
tween areas are “step-like” and not straight

Fig. 21. Dirichlet tessellation for all railway terminals
available.

Kuva 21. Kapytettivissi olevien rautatieterminaali iset
vaikutusalueet.
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Fig. 22. Dirichlet tessellation for railway terminals with
stationary cranes.

Kuva 22. Kiintedlla nosturilla je tatieterminaali,
teoreettiset vaikutusalueet.
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lines. Also, only 82 of the railway terminals
were actually used for wood transport in the
area. For the bundle floating terminals the
average minimum straight-line distance was
17.3 km and the total average dirichlet pave-
ment area was 650 km? For railway termi-
nals the corresponding values were 16.8 km
and 571 km?, and 29.9 km and 2 693 km? for
all railway terminals available and terminals
.with stationary cranes, respectively.

From Fig. 22 it appears that the best cover-
age by the railway terminals with stationary
cranes was in the northern part of the area.
When all railway terminals are included the
coverage efficiency is reduced due to narrow-
ing of the theoretical service areas (Fig. 21).

To determine if there was any relationship
between dirichlet pavement land area and
volume delivered to a bundle floating termi-
nal, a new dirichlet tessellation was made. All
terminals to which wood was delivered dur-
ing 1980 to 1982 were included (n = 88).
Using the information matrix for lake cover-
age, the land area for each dirichlet pavement
was calculated. Terminals which comple-
ment each other due to the road network or
some other factor were combined. The total
number of observations was thus 72. Regres-
sion analysis was used to determine the rela-
tionship of average volume delivered to a ter-
minal on dirichlet pavement land area (Fi{g.
24). As apparent, there was a highly signifi-
cant relationship between the two factors.
Generally, explanations for individual termi-
nal dispersal are possible. For example, Kan-
naslahti had an overly large amount of wood
delivered since a large volume of wood came
from the Soviet Union, while Holopanlahti +
Peltosalmi had a lower volume since a large
volume of wood was delivered to railway
terminals in its dirichlet pavement area. Al-
though there was a highly significant rela-
tionship between volume delivered and di-
richlet pavement land area, it appears other
factors must be accounted for when estimat-
ing volume expected to be delivered at bundle
floating terminals: e.g. volume delivered to
surrounding railway terminals, volume deli-
vered directly to surrounding mills, possible
external sources of wood and surrounding
stand make-up.

A dirichlet tessellation was formed from
the union of the 82 railway terminals actually
used and the 88 bundle floating terminals at

Fig. 23. Dirichlet tessellation for bundle floating termi-
nals in use.

Kuva 23. Kapytossa olevien vesikuljetusterminaalien teoreettiset
vaikutusalueet.

which wood had been delivered during 1980
to 1982. The average minimum straight-line
distance to terminals was 11.5 km, while the
total average dirichlet pavement area was 333
km? the corresponding land area was 264
km?. Average industrial cuttings for 1981—82
and 1982—83 harvesting years by forestry
board districts and the share of forestry board
district land area in the Saimaa area were
used to assign a theoretical average volume
harvested per grid cell. The relative wood
drainage area was determined for each termi-
nal by first obtaining the average volume
dispatched during 1980 to 1982 from its own
dirichlet pavement. If its own pavement did
not supply a sufficient volume, the balance
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was obtained from unassigned cells in neigh-
bouring dirichlet pavements. It must be re-
membered that Fig. 25 shows only relative
areas which have no link to where the wood
came from in reality.

Closer examination of Fig. 25 reveals that a
large share of the wood in the north-western
part of the area was dispatched from railway
terminals, while in the north-eastern part
most wood was dispatched from bundle float-
ing terminals. In the southern half, volumes

adrdisen p Jja

dispatched per terminal were quite small.
The average volume of wood dispatched per
railway terminal during 1980 to 1982 was
25025 m%a (s = +/— 25448 m®/a); the
average total volume dispatched was
2 052 015 m*/a. The average volume of wood
dispatched per bundle floating terminal dur-
ing 1980 to 1982 was 43 948m%/a (s = +/—
66 200 m*/a); the average total volume dis-
patched was 3 867 446 m*/a. The values for
bundle floating terminals do not include vol-
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umes from shore and island forests, or miscel-
laneous terminals. Most wood dispatched
from bundle floating terminals was delivered
to mills in the area. However, currently be-
tween 200 000 to 300 000 m®/a are trans-
ported down the Saimaa canal to mills on the
Gulf of Finland.

A closer examination of the volume dis-
patched from railway terminals reveals that
during 1980 to 1982, 63.8 % of dispatched
wood was delivered to terminals beyond the
Saimaa area. Of wood dispatched to external
terminals, 55 % was delivered to mills in the
southern part of the Kymi River watershed
and on the Gulf of Finland; which consume
over 2 M(m®) of spruce pulpwood annually.
Calculating for the 18 largest railway termi-
nals, which accounted for 59 % of wood
dispatched from railway terminals in the
area, the shares of wood assortments dis-
patched were as follows: softwood pulpwood,
67 %; hardwood pulpwood, 14 %; and logs,
19 %. The majority of the wood dispatched
from railway terminals in the north-western
part of the area was spruce pulpwood des-
tined for southern Kymi River watershed and
Gulf of Finland mills, as well as birch pulp-
wood to external and internal mills. A large
volume of wood was also transported by rail
internally between different parts of the area;
e.g. pine pulpwood from the northwestern
area to the north-eastern area. Of wood deli-
vered to Saimaa area mills, 55 % was from
external sources; 30 % from terminals else-
where in Finland and 25 % from the Soviet
Union.

The above analysis shows that railway
transport was used to transport wood to des-
tinations beyond the Saimaa area, to mills in
other parts of the area where water transport
was not possible and for transporting poorly
floating wood (e.g. birch pulpwood). Railway
transport was also used to a greater extent to
transport wood procured from beyond the
area to mills in the area, than for internal
transport of wood. Bundle floating on the
other hand was used to transport wood from
the area itself, as well as wood trucked in
from surrounding watersheds and the Soviet
Union, to internal destinations. When taking
the Saimaa area by itself it appears that
bundle floating and railway transport are
used in their proper niches.

Fig. 25. Grid cells assigned to terminals according to
average volume dispatched, dirichlet pavement and
average industrial cuttings for forestry board dis-
tricts.

Kuva 25. Ruudut on jaettu kaukokuljetusterminaaleille seuraavin
perustein: terminaalille keskimadrainen p jard,
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teoreettinen vaikutusalue ja keskimadraiset markkinahakkuut
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54. Terminal density vs average dirichlet
pavement area

Raakapuun veteenpanokustannukset . . .
(1981) states that if initial transport cost to
dumping terminal, terminal construction
costs and terminal maintenance costs are ta-
ken into account the minimum theoretical
cost would occur if the volume dumped is
31 000 m*/a. However, wood turn-around
time (i.e. amount of wood passing through
the terminal per time period), raft gathering

-

costs and availability of suitable sites must
also be taken into account. The purpose of
this application of the spatial database —
heuristic programming system, however, is to
determine the relationship between terminal
density and average minimum straight-line
distance to both bundle floating and railway
terminals. Since the densities of both water
and railway transport terminals have been
reduced in past years it is important to deter-
mine the effect of further reductions on the
initial transport distance. Also, since the ter-
minals are already in existence and Raaka-
puun veteenpanokustannukset . . . (1981) ex-
amined a situation where starting from con-
struction of terminals, only the effect of termi-
nal density on the minimum straight-line dis-
tance of initial transport was examined.

In the analysis various numbers of termi-
nals were distributed over bundle floating
channels currently in use, all bundle floating
channels available and the railway network.
The extent of coverage of the three networks
analysed was determined using the informa-
tion matrices for each network. Theoretical
terminal coordinates were assigned according
to the interval between route positions and
the number of terminals desired. For exam-
ple, if there are 500 grid cells containing a
section of the network (i.e. route positions),
route positions 50, 150, 250, 350 and 450
would be assigned as terminals. Following
this procedure two sets of terminal locations
for various numbers of terminals were gener-
ated along the bundle floating and railway
transport networks. The first set was gener-
ated by assigning the terminal locations by
rows from top to bottom, while the second set
was assigned by columns from left to right.
Average minimum straight-line distances for
the various number of terminals for each
transport network were then calculated and
the minimum distance chosen from the two
sets of data. Since the railway network ex-
tends beyond the Saimaa area, some termi-
nals had no dirichlet pavement. These termi-
nals were omitted from the calculations; thus
the uneven gradation between the number of
railway terminals and the extra observations.
Regression analysis was used to determine
the relationships within the three groups of
data (Fig. 26).

From Fig. 26 we see that the regression
equations fit their respective data very well:
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(1) Y = 14.5 + 387.667/X — 1001.423/X*; R = 0.9998, R’ = 0.9996,
VR = 8 002.4**, n =10

(2) Y = 113 + 557.240/X — 4446.294/X° + 12637.658X°; R =
0.9997, R® = 0.9994, VR = 3558.6%*, n = 10

(3) Y = 14.7 + 257.533/X + 480.623/X° — 4363.646/X°; R = 0.9993,
R = 0.9986, VR = 1 666.5**, n = 11

(A) railway terminals with stationary crane — kiintednosturiset rautatieter-
‘minaalit

(B) railway terminals in use — kaytdss olevat rautatieterminaalit

(C) bundle floating terminals in use — kaytossa olevat vesikuljetusterminaalit

Fig. 26. Relationship between the number of transport
network terminals and the average minimum
straight-line distance to terminals.

Kuva 26. Kulj kon terminaalien lukumdirin ja kes-
kimdaraisen lyhi

puvuus.

matkan (li ieta) valinen riip-

multiple coefficients of determination (R?)
were 0.9996, 0.9994 and 0.9986 for bundle
floating channels in use, all bundle floating
channels and railway network. The corres-
ponding distances for dirichlet pavements for
actual terminal locations are also shown on
Fig. 26. Dirichlet pavement average distances
for theoretical and actual railway terminal
locations correspond quite well. Dirichlet
pavement average distance for the actual
bundle floating terminal distribution was
slightly lower. This is due to the effect of
terminal location on channels in the northern
part having much more effect on minimum
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straight-line distance. In the theoretical dis-
tribution, channel density was the criterion
for terminal distribution and thus a denser
terminal coverage was given to the southern
area. The railway network coverage of the
area is much more uniform than for the net-
work of bundle floating channels in use.

The analysis shows that the number of
railway terminals currently servicing the area
is more or less at the limit, after which addi-
tional terminals have little effect on reducing
the average minimum straight-line distance
to terminals. For example, increasing the
number of terminals from 82 to 200 would
only result in a 2 km reduction in average
minimum straight-line distance. Also, any
further reductions will have an increasing
effect in initial transport distance, but not as
great as with bundle floating terminals. From
Fig. 26 it appears that the number of railway
terminals could be reduced to about 70 to 80,
without too much effect on initial transport
distance. However, if any terminals are to be
abandoned, a detailed analysis is required to
determine local effects.

If only the bundle floating channels in
current use are accounted for and the average
minimum straight-line distance to terminals
is the decision criterion, the actual number of
bundle floating terminals available (n = 87,
includes Partakoski) is close to the optimum
level. In past years a large number of termi-
nals have been abandoned or are used on a
sporadic basis; in the search for bundle float-
ing terminals a total of 208 different terminal
locations were found. It appears that the
major benefit from new terminals would be if
they were located on channels not in current
use (e.g. Syviri and Juojarvi channels) or in
the northern part of the area. For example,
the difference between whether Holopanlahti
(21, 24) in the northern part of the area is
included or not on average minimum
straight-line distance for the area is 0.7 km.
Referring to the above, any further reductions
in the number of bundle floating terminals
requires careful scrutiny due to the exponen-
tial increase in average minimum straight-
line distance to terminals and local effects.

The above theoretical evaluation omitted
the effect of road locations and other physical
obstacles (e.g. lakes or rivers) which would
hinder the straight-line movement of wood to
terminals. Situations such as these would

have to be analysed and solved as single
problems. The above recommendations refer
to the area as a whole; to help the formulation
of a general policy for bundle floating and
railway transport terminal density in the
Saimaa area. Bundle floating and railway
transport networks were examined separate-
ly, and thus the integrated use of all transport
terminals was not examined. Cost informa-
tion was not included either. However, in-
spite of the above shortcomings, it is felt that
the above analysis reflects “good” solutions,
which are quite close to the optimum.

To obtain a view of dirichlet tessellation
information when both bundle floating and
railway terminals are used in conjunction, a
union of both sets of terminal data was
formed. The total number or operational ter-
minals was 185; includes 86 dumping termi-
nals and 99 railway terminals. The average
minimum straight-line distance for the
Saimaa area was 11.4 km. When compared to
bundle floating terminals (17.3 km) and rail-
way terminals alone (16.8 km) it appears that
the integrated use of all transport methods
would seem worthwhile, especially where ter-
minal densities are low.

The dirichlet pavement information also
varies between different parts of the area.
This is especially true in regard to the water
transport network, where the network does
not extend to the northern boundary of the
arca. To determine the above relationships
the area was divided into three zones: zone 1
— grid cell rows 1 to 48; zone 2 — grid cell rows
49 to 96; and zone 3 — grid cell rows 97 to 144.
The average minimum straight-line distances
to terminals in each zone were calculated for
available railway terminals, bundle floating
terminals (in use), and a union of bundle
floating and railway terminals (Table 8).

From Table 8 it is apparent that zone 1
(northern area) has the longest distance to
terminals when dealing with bundle floating
terminals, while there is little difference be-
tween zones 2 and 3. With railway terminals
the longest distance is in zone 3, while zone 2
has the shortest. The minimum average
straight-line distance to bundle floating ter-
minals in use in the northern zone is almost
double that in the central and southern zones.
Therefore, any reduction in floating terminal
density would have its most severe impact in
the northern zone. The high density present

s )

Table 8. Zonal average minimum straight-line distances.
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Taulukko 8. Lyhimmt keskimddriiset alueittaiset matkat li ta
(A) (B) ©)
Zone Available railway terminals Bundle floating terminals in use A+B,
alue kay issd olevat km kaytéssi olevat vesikuljetusterminaalit, km km
1 178 (n = 24) 252 (n=14) 156 (n = 38)
2 15.1 (n=44) 13.6 (n = 43) 8.8 (n=87)
3 18.2 (n = 31) 132 (n=29) 8.9 (n = 60)

in the central and southern zones is necessary
due to high lake coverage and thus initial
transport difficulties. However, it appears
that the number of terminals in the central
zone can be reduced with little effect on initial
transport distance (Fig. 23, p. 54). From Fig.
21 (p. 53) and Table 8, it appears that the
number of railway terminals in zones 2 and 3
is excessive. In practice only 82 of the termi-
nals are in use, with 23 in zone 1, 39 in zone 2
and 20 in zone 3. General information for the
82 railway terminal dirichlet tessellation are
as follows: average minimum straight-line
distance, 17.3 km; average dirichlet pave-
ment area, 690 km? and average dirichlet
pavement land area, 548 km®. The reduction
of 17 terminals only increased the average
minimum staight-line distance by 0.5 km.
Careful scrutiny is required when abandon-
ing terminals. Although the total average
may change little, there may be a large local
effect. However, further terminal reductions
in zone 2 would have the least effect on
increasing the average minimum straight-line
distance to railway terminals.

" 55. Wood processing centre/point

dirichlet tessellations

Separate  dirichlet tessellations were
formed for wood processing centres/points
consuming pine logs, spruce logs, hardwood
logs, pine pulpwood, spruce pulpwood and
hardwood pulpwood. Volumes consumed by
wood assortment at the above centres/points
during a good year were used when assigning
grid cells. When calculating the volume avail-
able for assignment the following data for
forestry board districts from Kuusela (1978),
Kuusela and Salminen (1983) and Yearbook
of Forest Statistics (1983) were employed:

allowable drain after nature conservation reduction
by forestry board districts and species (i.e. pine,
spruce and hardwood)

2) forest residues by forestry board districts

3

log/pulpwood compositions by species and forestry
board districts

4) forestry board district land area

The land area of each forestry board dis-
trict in the Saimaa area was determined and
its percentage of total forestry board district
land area calculated. The allowable drain
(minus forest residues) for the part of the
forestry board district in the Saimaa area was
simply the total allowable drain times share
of land area in the Saimaa area. The number
of land area grid cells for each forestry board
district in the area were determined. The
volumes available by wood assortments were
distributed evenly between the available grid
cells. Although the above use of average
statistics for forestry board districts to esti-
mate volumes per grid cell available is not
statistically sound, it was necessary due to the
lack of detailed information for the smaller
areas involved (i.e. municipalities or grid
cells). Salminen (1981) gives a cartographic
presentation of forest resources in Finland for
1971 to 1975. However, in this analysis no
additional benefit would have been obtained
with its use.

The volume requirement for each wood
processing centre/point was first obtained
from land grid cells in its own dirichlet pave-
ment. If additional volume was required, un-
assigned land grid cells from neighbouring
dirichlet pavements were then assigned. The
order in which wood processing centres/
points were handled was from north to south
and west to east. Wood processing centre/
point theoretical wood procurement areas for
southern Saimaa area mills were combined
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Fig. 27. Theoretical wood procurement areas for wood
processing centres/points using pine logs.
Kuva 27. Mantytukkia kayttavien puunjalostuslaitosten ja -laitos-

ryhmien teoreettiset puunhankinta-alueet.

when their areas overlapped. Theoretical
wood procurement areas for wood processing
centres/points consuming pine logs, spruce
logs, hardwood logs, pine pulpwood, spruce
pulpwood and hardwood pulpwood are pre-
sented in Fig. 27, 28, 29, 30, 31 and 32. The
assignments assume that all wood available is
harvested and used by industry, and there is
no wood import into the area.

Average data for the theoretical wood pro-
curement areas is as follows:

1) pine logs — average land area, 1451 km’
— average straight-line distance, 64 km
— 98.4 % of available grid cells assigned

2) spruce logs — average land area, 1358 km”
— average straight-line distance, 58 km
~ 80.2 % of available grid cells assigned

Fig. 28. Theoretical wood procurement areas for wood
processing centres/points using spruce logs.

Kuva 28. Kuusitukkia kéyttavien puunjalostuslaitosten ja -laitos-
ryhmien teoreettiset puunhankinta-alueet.

3) hardwood logs — average land area, 2812 km’
— average straight-line distance,
103 km
— 86.2 % of available grid cells as-
signed

4) pine pulpwood

average land area, 9134 km?*

— average straight-line distance,
154 km

100.0 % of available grid cells as-
signed

5) spruce pulpwood - average land area, 2215 km?
— average straight-line distance,
36 km
~ 34.0 % of available grid cells
assigned

6) hardwood pulpwood — average land area, 6823 km*
- average straight-line dis-
tance, 117 km
— 89.6 % of available grid cells
assigned

e

Fig. 27 shows that the majority of the
theoretical wood procurement areas are quite
small. If the mills in the southern part of the
area at (132, 52) and (135, 46) are not in-
cluded, the average straight-line distance
would be 27 km. For the mills at (132, 52)
and (135, 46) the average straight-line dis-
tance is 150 km. Thus, if all pine logs avail-
able for harvesting are cut for industrial con-
sumption and if there is perfect cooperation
between mills so that all logs are delivered to
the closest mill, truck transport could be re-
sorted to in all cases, with the exception of the
mills at (132, 52) and (135, 46). For mills in
the southern part of the area water and/or
railway transport would be required also.
The above would assume the equal distribu-
tion of benefits gained from reduced transport
costs. Also, during a good year almost all pine
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logs available would be required from the
area if external sources are not available and
the annual allowable drain was used fully for
industrial purposes.

Fig. 28 shows the situation with spruce logs
is similar to that with pine logs. If mills at
(132, 52) and (135, 46) are again excluded
the average straight-line distance is 24 km.
The straight-line distance to the two grid cells
is 136 km. The same conclusions can be made
as above. There appears to be a small surplus
of spruce logs in the area, even during a good
year.

For hardwood logs (Fig. 29) we again have
a situation similar to pine logs, except that
the mills in the southern part are at (117, 27)
and (135, 46). The average straight-line dis-
tance to these mills is 224.9 km, while for the
remaining mills it is 30.8 km. It appears that
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Fig. 29. Theoretical wood procurement areas for wood

processing centres/points using hardwood logs.
Kuva 29. Lehtipuutukkia kiyttivien puunjalostuslai ja
-laitosryhmien teoreettiset puunhankinta-alueet.

Fig. 30. Theoretical wood procurement areas for wood
processing centres/points using pine pulpwood.
Kuva 30. Mantykuitup kayttavien puunjalostuslaitosten ja

-laitosryhmien iset hanki lueet.
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Fig. 31. Theoretical wood procurement areas for wood
processing centres/points using spruce pulpwood.
Kuva 31. Kuusikuitup kayttavien puunjalostuslaitosten ja

!
-laitostyhmien teoreettiset puunhankinta-alueet.

if the above assumptions are made, all mills
could resort to only truck transport, except
for mills at (117, 27) and (135, 46). It also
appears that during a good year almost all
available hardwood logs would be required if
no external sources are available.

Fig. 30 and 32 show that transport only by
truck could not be resorted to when trans-
porting pine and birch pulpwood to southern
Saimaa area mills. The average straight-line
distance to these mills would be 188.7 km for
pine pulpwood and 161.1 km for hardwood
pulpwood. On the other hand, the remaining
mills would have average straight-line dis-
tances of 32.0 km and 30.0 km for pine and
hardwood pulpwood, respectively. They,
could be supplied by truck transport only.
Spruce pulpwood (Fig. 31) could be supplied
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Fig. 32. Theoretical wood procurement areas for wood
processing centres/points using hardwood pulpwood.

Kuva 32. Lehtikuitup kayttavien puunjalostuslaitosten ja
-laitosryhmien teoreettiset puunhankinta-alueet.

by truck transport only; the average straight-
line distance is 36.1 km. During a good year
the pine pulpwood resource in the area would
not be sufficient, even if the total allowable
cut was for industrial use. If no external
source of birch pulpwood is available, the
entire allowable cut would almost be required
for industrial consumption also. There is a
large surplus of spruce pulpwood in the area
however.

The above heuristic analysis of the theoret-
ical wood procurement areas and possible
long-distance transport methods required
was for an utopian situation. It employs a
number of simplifications of the wood pro-
curement environment in the area. It must be
remembered that the only priorities in wood
assignment were straight-line distance, wood

consumption and estimated wood availabili-
ty. Also, the objective in the analysis was
minimal long-distance transport cost. As will
become apparent in section 57., water trans-
port allows transport from the northern part
of the area to southern mills to be economi-
cally feasible. Due to this, all unassigned
wood was given last to the mills in the south-
ern part when filling wood requirements in
excess of dirichlet pavement supply. Also, a
large part of wood consumed in the area is at
mills in the southern part: e.g. Imatra, Jout-
seno, Lappeenranta and Ristiina account for
48 % of industrial wood consumption in the
area during a good year. Thus, mills at these
centres/points use far in excess of what is
available in their dirichlet pavements.

Keeping the above in mind the following
conclusions were made. Even if there was
perfect cooperation between mills, and wood
purchasers and sellers, the use of water and
railway transport would be required for long-
distance transport to mills in the southern
part of the area consuming pine logs, spruce
logs, hardwood logs, pine pulpwood and
hardwood pulpwood. Also, to fill any wood
shortages water and railway transport would
be required in the transport of wood from
external sources. The large surplus of spruce
pulpwood on the other hand, should be trans-
ported to external destinations by railway
and/or water transport if long-distance trans-
port costs are to be kept at a minimum. Mills
in the southern part of the area will not be
able to rely solely on truck transport in any
situation if they are to remain economically
viable.

56. Stumpage vs terminal, mill and north/
south proximity

Although regional stumpage rates negoti-
ated between wood buyers’ and sellers’ or-
ganizations prevail in the area, an analysis
was made of whether there were any relation-
ships between the average stumpage for wood
assortments, and proximity of bundle floating
and railway terminals and mills using the
particular wood assortment. Fig. 33 shows
the cities and muncipalities in the area, along
with bundle floating and railway terminals.
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Appendix B (p. 88) presents a list of the city
and municipality names. However, in the
following, both cities and municipalities will
be referred to as municipalities. The follow-
ing information was determined for each
municipality (n = 81) by employing the spa-
tial database — heuristic programming
system:

1) average straight-line distance in municipality to clos-
est mill using the wood assortment type

2) average straight-line distance in municipality to clos-
est railway terminal

3) average straight-line distance in municipality to clos-
est bundle floating terminal

4) coordinates of municipality centre-points (Y axis
coordinate was used to define north/south position in
the area)

Fig. 33. Municipalities, and bundle floating and railway
terminal locations in the Saimaa area. See Appendix
B (p. 88) for names of municipalities.

Kuva 33. Saimaan alueen kunnat seka vesikuljetus- ja rautatieter-
minaalit. Kuntien nimet ovat liitteessd B (s. 88).
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Regression analysis was used to determine
if any correlation existed between the above
variables and the average municipality
stumpage rates for wood assortments given
by Rauskala (1984). The results are pre-
sented in Table 9. Although the results are
not presented, multiple regression was also
used to determine if there were any interac-
tions between the independent variables. One
interaction was found: i.e. average pine pulp-
wood stumpage on distance to pine pulpwood
using mill and north/south position. This was
due to the major concentration of pine pulp-
wood using mills in the southern part of the
area.

The following conclusions can be made
about the effect of the four variables studied
on average stumpages for wood assortments
in the area:

1) there was no significant effect due to mill closeness,
except for hardwood logs and pine pulpwood. The
stumpage was higher for municipalities with a shorter
distance to a hardwood log consuming mill. The high
level of significance found for pine pulpwood was due
to the major consumers being located in the southern
part of the area (i.e. interaction with north/south
position)

2) there was no significant effect due to railway terminal
closeness, with the exception of pine logs. The
stumpage for pine logs appeared to be higher for
municipalities with a longer distance to railway ter-
minals. However, closer examination showed that
municipalities in the south-western part had higher
stumpages for pine logs, while the number of railway
terminals to which wood had be delivered was low.
Therefore, location was the major factor affecting
pine log stumpage and not average distance to rail-
way terminals

3) there was no significant effect due to bundle floating
terminal closeness, with the exception of spruce and
hardwood logs. Municipalities with a shorter average
distance to bundle floating terminals tended to have
higher stumpages for spruce and hardwood logs.
However, although highly significant the coeflicient of
determination for spruce logs was low. A comparison
between municipalities with high hardwood log
stumpages (i.e. municipalities 1, 3, 4, 13, 17, 18, 23,
27, 39, 50, 51, 54, 55, 59, 60, 64, 69, 71 and 73 had
stumpages equal to or greater than 160 FIM/m”®) and
locations of mills consuming hardwood logs, showed
that the area with high stumpages lay in an area
where competition between mills would be greatest.
The same area also has a high density of bundle
floating terminals. Therefore, it is felt that the major
factor affecting hardwood log stumpage was not ter-
minal proximity but competition between the mills

4) the north/south position of a municipality was the
most important variable affecting stumpage for all
wood assortments. As you move north the stumpage
decreases for all wood assortments

57. Transport method competitiveness

BASDATSERCH was used to analyse the
competitiveness of the transport methods
available for wood transport to a mill in the
southern part of the area. The wood trans-
ported was 3 m (half-dry) softwood pulp-
wood. The truck-trailer unit employed was a
4 axle truck with two axle trailer. The loading
site class was 2. Three wire ropes with lock
bindings were used in bundle floating. A total
of 375 points were distributed throughout the
area at an interval of 12.5 km. If an assigned
grid cell was not serviced by a road an adja-
cent grid cell was chosen. The transport costs
for all methods were calculated using BAS-
DATSERCH.

Delivery to one mill was chosen to keep the
data homogeneous. As apparent from section
55. (p. 62), the concentration of pine pulp-
wood consumption in the southern part of the
area requires wood procurement essentially
throughout the entire area. Also, since the
mills in the southern part of the area are quite
close, it was assumed that the information
from one mill would also be applicable to
neighbouring mills. In practice the majority
of transport involving exceptionally long dis-
tances is to southern Saimaa area mills.

Fig. 34 presents the costs by road and
railway transport and bundle floating as a
function of the straight-line distance between
the source grid cell and mill. The costs do not
include mill receiving or interest costs.

The larger dispersions for railway trans-
port and bundle floating are due to the cost of
initial transport to a terminal. Thus, if a
terminal is close to the source, the cost is near
the lower limit of the 95 % C.I. for Y. From
Fig. 34 we can make the following conclu-
sions about long-distance transport of 3 m
(half-dry) softwood pulpwood to southern
Saimaa area mills (costs of mill receiving and
wood holding not included):

1) on the average bundle floating is cheaper than road
transport for straight-line distances greater than 48
km

2) when the initial transport distance to a terminal is
short (i.e. less than 5 km) bundle floating begins to be
competitive with truck transport at straight-line dis-
tances slightly less than 20 km

3) on the average railway transport is cheaper than road

transport for straight-line distances greater than 125
km
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Table 9. Regression results for regression of average municipality stumpage on various long-distance transport

variables (n = 81).

Taulukko 9. Kuntien keskimdirdisten kantohintojen riipp erdistd kaukokuljet ujista regressioanalyysin mukaan (n = 81).
Wood assortment Variable Regression information
puutavaralaji muuttuja tunnustuvut

X1 X2 X3 X4 r # VR F
Pine log - MaT X 0.01 0.00 0.0 ns
Spruce log - KuT X -0.11 0.01 1.0 ns
Hardwood log - LeT X —-0.41 0.16 15.9 i
Pine pulpwood - MiK X -0.40 0.16 14.9 i
Spruce pulpwood - KuK X -0.11 0.01 0.9 ns
Hardwood pulpwood - LeK X -0.15 0.02 1.7 ns
Pine log - MAT X 0.27 0.08 6.5 4
Spruce log - KuT X 0.11 0.01 0.9 ns
Hardwood log — LeT X -0.08 0.01 0.5 ns
Pine pulpwood - MiK X 0.08 0.01 0.5 ns
Spruce pulpwood - KuK X 0.15 0.02 1.8 ns
Hardwood pulpwood - LeK X 0.15 0.02 1.8 ns
Pine log - MaT X -0.21 0.04 3.8 ns
Spruce log - KuT X -0.32 0.10 9.2 **
Hardwood log - LeT X -0.66 0.43 60.2 %
Pine pulpwood - MaK X -0.09 0.01 0.6 ns
Spruce pulpwood - KuK X 0.04 0.00 0.1 ns
Hardwood pulpwood - LeK X 0.03 0.00 0.1 ns
Pine log - MaT X 0.51 0.26 27.5 =
Spruce log - KuT X 0.60 0.36 44.6 bl
Hardwood log - LeT X 0.51 0.26 27.3 i
Pine pulpwood - MaK X 0.62 0.39 51.0 o
Spruce pulpwood - KuK X 0.68 0.46 68.2 e
Hardwood pulpwood - LeK X 0.49 0.24 246 L
X1 - average straight-line distance in municipality to closest mill using the wood assortment — keskimddrdinen matka li ietd lahimpaan laj:

kayttavaan laitokseen eri kunnissa

X2 - average straight-line distance in municipality to closest railway terminal — kesk matka i @ lahimpadn i inaaliin eri kunnissa
X3 - average straight-line distance in municipality to closest bundle floating terminal — keskimddrdinen matka li a lahimpaay tkulje inaaliin eri

kunnissa

X4 - Y axis grid coordinate of municipality centre — kunnan keskipisteen Y-koordinaatti

4) on the average railway transport is never competitive
with bundle floating

5) the upper limit of the bundle floating 95 % C.I. for Y
intersects the lower limit of the truck transport 95 %
C.I. for Y at 160 km (i.e. in all cases bundle floating
can be said to be cheaper than truck transport after
this point irrespective of initial transport distance)

6) the lower and upper limits of railway transport and
bundle floating 95 % C.I. for Y do not intersect (i.e. if
we have an exceptionally long distance to a bundle
floating terminal and a short distance to a railway
terminal, railway transport is competitive in all cases;
however, this never occurs in practice in the area)

If desired any additional costs due to mill
receiving or interest can be added. For exam-
ple, if we add 1.50 FIM/m® for millyard
receiving (section 432., p. 42) and 1.40 FIM/
m® for the interest directly due to bundle
floating (section 52., p. 52) to the cost of
bundle floating, the average straight-line dis-
tance after which bundle floating is cheaper
than truck transport is 67 km.

All transport data for the 375 points were
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Fig. 34. Total transport cost as a function of straight-line distance to a southern Saimaa area mill

(3 m half-dry softwood pulpwood).

Kuva 34. Puolikuivan havukuitug

analysed and the following average statistics
obtained:

— average straight-line distance to mill - 171.6 km

— average road distance to mill — 230.7 km

— average distance to railway terminal — 25.7 km

— average distance from railway terminal to mill - 233.6
km

— average total railway transport distance ~ 259.3 km

~ average distance to bundle floating terminal — 24.7 km

— average distance from bundle floating terminal to mill
—276.9 km

— average total bundle floating distance to mill - 301.6
km

The ratios between average straight-line
distance and average total transport dis-
tances for the three methods are:

(3 m) kaukokuljetusk kset Eteld-Sai lueella olevalle tehtaalle.
- straight-line - 1.00
— road - 1.34
- railway - 1.51
- bundle floating - 1.76

The functional relation for straight-line
distance to mill (X) and actual road distance
to the mill (Y):

Y =-48+1.372X;r=0.98,r* = 0.97, VR = 11 221.7"
The functional relation for straight-line

distance to the mill and road distance to a
railway terminal (Y):

Y = 26.8—0.006-X; r = 0.03, r* = 0.00, VR = 0.3™
— no correlation

- :veragc distance to railway terminal for area is 25.7
m

The functional relation for straight-line
distance to the mill (X) and actual railway
distance to the mill (Y):

Y = 6.5+1.323-X; r = 0.93, r* = 0.88, VR = 2 714.8"

The functional relation for straight-line
distance to mill (X) and total railway trans-
port distance to mill (Y):

Y = 333+1.317:X; r = 0.94, r* = 0.88, VR = 2 714.8"

The functional relation for straight-line
distance to mill (X) and road distance to
floating terminal (Y):

Y = 9.740.087-X; r = 0.40, r* = 0.16, VR = 70.3"

— for southern Saimaa area mills the distance to a dump-
ing terminal increases with increasing distance from
mill

- average road distance to the closest bundle floating
terminal for the area is 24.7 km

The functional relation for straight-line
distance to mill (X) and actual bundle float-
ing distance (Y):

Y = 47.84+1.340-X; r = 0.94, r’ = 0.89, VR = 3019.6"

The functional relation for straight-line
distance to mill (X) and total bundle floating
distance (Y):

Y = 56.74+1.427-X; r = 0.96, r* = 0.91, VR = 3 995.8"™

From the above we see that from any given
point bundle floating has the longest average
distance, followed by railway transport. As
apparent from the above the only way to
compare transport methods is with the use of
straight-line distance.

The information gained from the BASDAT-
SERCH analysis and the cost subroutines de-
scribed in section 432. were used to develop
cost functions for the other roundwood as-
sortments. In the pulpwood assortments the
only length class included was 3 m. For bun-
dle floating only the cost of initial transport to
the terminal was adjusted according to wood
assortment. The cost for the actual bundle
floating from the terminal to the mill was the
same for all assortments. For road and rail-
way transport, the cost differences by wood
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assortments from the forest to the mill were
obtained from the cost subroutines. Fig. 35
shows the average transport costs by straight-
line distance for all roundwood assortments.
The linear relationships for all assortments
allows easy comparisons for cost competitive-
ness. Also, the conclusions made for 3 m
(half-dry) pulpwood are very similar when
making comparisons between methods for
other assortments; as long as the same assort-
ment is in question for all methods. From Fig.
35 we also see that 3 m (half-dry) softwood
pulpwood (assortment 2) is the most econom-
ical wood assortment to transport by truck
and its economicalness becomes more ap-
parent over longer distances. Examination of
Fig. 35 shows that the average break-even
distances for truck transport and bundle
floating, as well as between truck and railway
transport, for assortments other than 3 m
(half-dry) pulpwood are at shorter distances.
Also, one of the ideas in the use of truck
transport is direct transport of fresh wood to
the mill and thus minimization of inventories
and wood deterioration. The transport of
fresh wood clearly results in higher transport
costs; especially for truck transport. Thus, the
competitiveness between the methods out-
lined above and based on the BASDATSERCH
analysis results for 3 m (half-dry) pulpwood
is in no way discriminatory against truck
transport.

Fig. 36, 37, 38 and 39 were derived from
further analysis of the transport information
for the area. Fig. 36 presents the policy which
would yield minimum long-distance trans-
port cost to the mill in question, assuming no
additional wood receiving or interest costs. In
Fig. 36 wood is transported via the terminal/
method giving the lowest transport cost. In
no case was wood transported via a railway
terminal. All wood was transported by bun-
dle floating or directly by truck to the mill.
Ten additional bundle floating terminals
which are no longer in use were included in
BASDATSERCH to determine if they had been
unwisely abandoned. Only two of the termi-
nals (both on Lake Hoytidinen) had wood
routed to them. Wood was transported di-
rectly past terminals on Juojarvi and Syvari
channels. Also, the Meteli bundle floating
terminal was uneconomical to use. Fig. 37, 38
and 39 present cost isogram maps for bundle
floating, and truck and railway transport,
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Fig. 35. Average total transport costs by straight-line distance for roundwood assortments.

Kuva 35. Keskimadraiset kaukokuljetuskustannuk.

respectively. In Fig. 37 and 38 the lower
localized costs are due to terminal closeness.
Not all terminals are indicated since the iso-
grams are based on the 375 points dispersed
throughout the area. By comparing the fig-
ures, the cost competitiveness of the methods
when transporting wood to mills in the south-
ern part of the area is apparent.

After examination of the data and the
transport environment in the area, it was felt
that the above relationships between straight-
line distance and total transport cost could be
applied to the entire area. However, to test
the above assumption five other wood pro-
cessing centres/points were chosen for further

set puutavaralajeittain.

examination (i.e. Kuopio (54, 35), Joensuu
(66, 67), Varkaus (79, 39), Puhos (88, 82)
and Ristiina (117, 27)). For each centre/point,
nine sources were chosen randomly from
areas where transport by all three methods
was possible to the point in question and
transport costs were calculated (i.e. 45 points
in total). This data was compared to the data
obtained earlier. The test sample was slightly
larger than 10 % of the sample for the single
regression (i.e. pooled data). Analysis of
covariance was used to determine if any dif-
ferences existed between the basic and test
data. The analysis of covariance results are
presented in Appendix C (p. 88). The analy-

sis showed that there were no significant dif-
ferences between data from the first group
(i.e. to the southern Saimaa area mill) and
the second group (i.e. to 5 other mills). Both
slope and y-intercept differences were insig-
nificant between both groups of data for road
and railway transport, and bundle floating
costs. It was concluded that the cost equa-
tions/relationships presented above can be
applied to the entire area.

The BASDATSERCH results for the 375
points were employed to calculate the aver-
age costs for initial transport to a dumping
terminal, actual bundle floating and total
distance. The average costs were 14.64, 13.34
and 27.98 FIM/m?®, for initial transport, actu-
al bundle floating and total, respectively.
From the costs employed in the cost sub-
routines and a 5.00 FIM/m® wood receiving
cost, the following average bundle floating
cost distribution can be calculated for the
areca when transporting wood to southern
Saimaa area mills:

1

actual initial truck transport cost -43 %
(excludes dumping and binding work costs)

- interface cost (dumping, binding work

and actual binding, terminal maintenance, - 17 %
forming dumping stores on ice and raft

formation costs)

actual bundle towing cost -25 %
mill receiving cost - 15 %

|

Calculating for the average initial trans-
port distance (24.7 km) and actual average
towing distance (276.9 km) we see that about
75 % of the cost occurred over about 8 % of
the total distance. Thus, rationalization of
bundle floating should be focused on the ini-
tial transport to terminals, and the interface
between truck transport and actual bundle
towing. Mill receiving also has an important
role on the final cost of bundle floating. With
decreasing average towing distance the im-
portance of actual bundle towing cost would
decrease further.

58. Cost-benefit analysis

The spatial database — heuristic program-
ming system was employed to analyse the
cost savings which would accrue with the
construction of a new bundle floating termi-

Fig. 36. Wood flows giving lowest long-distance trans-
port cost to a southern Saimaa area mill.
Kuva 36. Puun kaukokuljetuksen minimikustannusratkaisu Eteld-

Cors: lueell. tohtaall

olevalle

nal. During 1980 to 1982 an average of
184 287 m*/a was delivered to the Peltosalmi
terminal (26, 26). The new terminal ex-
amined was to be located at Runni (21, 18).
Since the area from which wood is delivered
to Peltosalmi was not known, it was assumed
that wood was delivered uniformly from the
area giving lowest transport cost for
Holopanlahti and Peltosalmi (Fig. 36). The
area for Holopanlahti had to be included
since it is available only during winter, while
Peltosalmi is only available during summer.
Only summer delivery was examined. Thirty-
nine sources were distributed uniformly in
the above area and BASDATSERCH was used
to calculate the average transport cost to a
mill at (79, 39) when only Peltosalmi was
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Fig. 37. Isogram map for total bundle floating cost to a
southern Saimaa area mill. Costs are FIM/m’.

Kuva 37. Nippu-uiton kokonaisk ten isog ikartta
E',I,’.’ s ], 11, ], 1e teht. 17) K l"" 01’(1[
FIM/m’.

available, and when Runni and Peltosalmi
were both available. The average transport
cost for the area when onlg' Peltosalmi was
available was 30.16 FIM/m’. When both Pel-
tosalmi and Runni were available the average
cost was 28.87 FIM/m®. The average costs for
railway and road transport from the area
were 42.15 FIM/m® and 44.11 FIM/m?, re-
spectively. The average cost saving for wood
delivered during summer to a bundle floating
terminal in the area would be 1.30 FIM/m® if
Runni was in use: i.e. about 239 000 FIM/a.

The above assumed that the bundle float-
ing channel cost to Runni was the same as to
Holopanlahti and the total maintenance costs

w

Fig. 38. Isogram map for road transport cost to a south-
ern Saimaa area mill. Costs are FIM/m”,

Kuva 38. Maantiekuljetuskustannusten isogrammikartta Eteld-
Saimaan alueella olevalle tehtaalle. Kustannukset ovat
FIM/ m’.

for both Runni and Peltosalmi would not be
larger than for Peltosalmi alone: i.e. mainte-
nance costs at Peltosalmi would reduce in
relation to volume transferred to Runni. Al-
though the above costs were for 3 m (half-
dry) softwood pulpwood the same cost differ-
ences were assumed between all assortments
floated (Fig. 35). Wood was also assumed to
be delivered uniformly from the area in ques-
tion.

In a cost-benefit analysis the above value
would be compared to the cost of improving
the channel to the terminal, as well as con-
struction of the terminal itself. For example, if
the investment in building the new terminal

° ) » ». @ ) © » © » w no_m

Fig. 39. Isogram map for railway transport cost to a
southern Saimaa area mill. Costs are FIM/m®.

Kuva 39. Rautatiekuljetuksen kokonaiskustannusten isogram-
mikartta Eteld-Sai) lueella olevalle tehtaalle. Kustan-
nukset ovat FIM/m’.
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and channel improvements is required to pro-
duce a minimum return on investment of 6 %
over a 20 year write-off period, the present
value of the series of terminable annual pay-
ments' (i.e. annual savings in our case) would
be approximately 2.74 million FIM. Thus,
the maximum allowable investment would be
2.74 million FIM; assuming the cost saving
per year does not change.

! Present value of a series of terminable annual pay-
ments:

v, o= a @+ =1,
! i (1)
where V, is present value
a is terminable annual payment
n is number of years
i is interest per annum



6. FURTHER APPLICATION AND DEVELOPMENT

61. Improvements possible

A system such as the spatial database —
heuristic programming system developed
during this study is never complete. Informa-
tion must alway be updated. New applica-
tions of the system would require the develop-
ment of new data manipulation algorithms.
Some new information type may be beneficial
to the system and thus added. Making the
system applicable for use by many people
would require extensive modification of the
programs for user orientation, as well as in-
struction in use of the system. Better display
of information and linkage to a digital plotter
would be benefical. A reclassification of lake
locations is required and a finer classification
of the road network would be beneficial. A
finer classification of roads would make road
route searches simpler: e.g. at present all
private roads are class 6. The search al-
gorithms can be made more efficient and
developed further to reduce CPU time re-
quirements. A learning function could be add-
ed to store routes already found. Cost func-
tions could be developed and added to the
system. If the system of this type is developed
for widespread use DBMS features must be
incorporated into its design. Continuous de-
velopment of the system would be a must.
However, the most benefical improvement of
the system would be to extend its coverage to
include all Finland.

62. Other transport information possible

The examples given in section 5. only out-
line some of the possible applications of the
system. More extensive analysis of the exam-
ples presented is also possible. As more infor-
mation becomes available through analysis it
is incorporated into the spatial database and
the method becomes more powerful. In addi-
tion, combining the information obtained
with other available information (e.g. har-

vesting and wood processing costs) and other
methods (e.g. mathematical programming)
would extend the usefulness of the system. As
mentioned in section 33. (p. 29) the list of
possible applications is almost endless, with
the major limitations being the imagination
and skill of the designers and programmers,
accuracy and scope of the information, and
the budget of the system.

63. Application to field operations

With increased use of computers at the
field level a system similar to the one pre-
sented in this thesis would appear to be bene-
ficial. Also, if a firm decides to purchase a
GIS for its operations, it could easily be used
to form a spatial database — heuristic pro-
gramming system for use in long-distance
transport decision-making. Similarly, many
of the features described in this thesis may
already be included in the GIS, while any
lacking features could be added.

With the use of a spatial database — heuris-
tic programming system, information for use
in tactical planning can be readily obtained.
The proper terminals for wood deliveries, as
well as the competitiveness of the choices
available are clearly delineated. Terminals
available, wood requirements, wood sources
available, etc., could all be included in the
system and easily obtained when making de-
cisions. A system of this type could also be
used as a standard to compare the efficiency
of the field operations. If the system is up-
dated daily, for example with wood purchase
locations, roadside inventory locations, ter-
minal inventories, etc., all managers could
access the system to view the current wood
procurement situation. The spatial delinea-
tion of the above data is more meaningful
than a list of tables. The ready access and
clear visual display of information would
make decision-making in long-distance trans-
port, as well as in all wood procurement,
more accurate and easier.

64. Limitations

The greatest limitation in the development
of a system as outlined in this thesis is the
extensive work required in data acquisition
and recording for storage in a computer. The
volume of information required precludes the
use of micro-computers. There is extensive
programming involved and a person would
be required solely to run the system and for
further development. Also, considerable work
would be required to gather new information
as it becomes available and for updating the
spatial database. If a decision is made to
purchase a GIS an entire new department
would be required and specialized personnel
obtained.

No cost information was recorded for the
development of the spatial database — heuris-
tic programming system described in this
thesis. However, if a complex forestry plan-
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ning tool is needed to deal with data ranging
from forest inventory to harvesting and trans-
port, then a GIS may be the best system to
employ. The spatial database — heuristic
programming system dealt with in this thesis,
was designed only for problems relating to
long-distance transport of wood. Its use in the
field would also assume a computer of suffi-
cient size is available: i.e. at least a minicom-
puter.

Due to the shear volume of information
stored in the system, data errors may still
exist. When employing the system it is impor-
tant to monitor the results. Also, when em-
ploying the system the criteria used in analy-
sis must be kept in mind when making con-
clusions: e.g. with dirichlet pavements the
criterion is straight-line distance. The system
is intend for use as an aid in decision-making
and not for making decisions.



7. CONCLUSIONS

The spatial database — heuristic program-
ming system developed in this study proved
to be applicable for aiding long-distance
transport decision-making in an ever-chang-
ing and complex environment. To remain
applicable in a dynamic environment con-
tinuous updating of the spatial database is
required. By employing a spatial database
and heuristic programming the major limita-
tions are the imagination and skill of the user,
the accuracy and scope of the information
contained in the system and the budget. The
differences between the road, railway and
water transport route search algorithms and
manually determined routes and minimum
distances were insignificant. It also appears
that the road route search algorithm gives
distances closer to reality than manually
measured map distances. The analyses of the
spatial arrangements between points of sup-
ply and demand are benefical in wood pro-
curement planning. A spatial database —
heuristic programming system is applicable
in solving, the following types of problems:

1) wood procurement and transport environment ex-
amination

2) wood procurement planning and coordination

3) examination of wood supply and demand variations
4) transport routing

5) theoretical service areas for terminals

6) facilities location problems

7) theoretical wood procurement areas

8) cost-benefit analyses

9) wood procurement/transport efficiency control

10) channel competitiveness

11) visual display of spatial information

The spatial database — heuristic program-
ming system was used to achieve the other
aim of the study, which was to study the
competitiveness and search for possible areas
for rationalization of the water transport sys-
tem in the Saimaa area in particular, and
long-distance transport in general. The fol-
lowing conclusions can be made for the prob-
lems analysed in section 5.:

1) when dealing with the total average inventory at
roadside, in transit and at the millyard in the
Saimaa area, the inventory required due solely to the
seasonal nature of bundle floating is approximately a
0.6 month wood supply. This results in an interest
cost due solely to bundle floating of 1.40 FIM/m® at

an interest rate of 16 %/a and average wood cost of

200 FIM/m*

the number of railway terminals could be reduced to
70 to 80, with possible reductions occurring in the
central zone ot the area

&8

&

the total number of bundle floating terminals is near
the optimum but adjustment of terminal locations
would reduce the average minimum straight-line
distance

4) the most impact of floating terminal increases/re-
ductions would be in the northern zone of the area

&£

the least impact of floating terminal increases/reduc-

tions would be in the central zone

6) the largest use of railway transport is in the north-
western part of the area, while bundle floating is
most extensively used in the north-eastern part

7) 64 % of wood dispatched from railway terminals in

the area was delivered to mills beyond the area,

while 55 % of the wood delivered by railway to mills

in the area was from external sources

the majority (55 %) of wood dispatched from rail-

way terminals with external destinations was trans-

ported to mills in the southern part of the Kymi

River watershed and on the coast of the Gulf of

Finland

softwood pulpwood was the major wood assortment

transported by railway

e
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railway and water transport are used in their proper
transport niches in the area, with railway transport
employed for poor floating species, wood to external
destinations, wood from external destinations, and
transport between areas where bundle floating is not
possible

no matter how wood transport is optimized in the
area, the mills in the southern part of the area will
require the use of railway and/or water transport for
pine logs, spruce logs, hardwood logs, pine pulp-
wood and hardwood pulpwood if they are to remain
competitive; these mills account for almost 50 % of
industrial wood consumption in the area

12) there appears to be a surplus of spruce pulpwood in
the area and a shortage of pine pulpwood
13) the major factor affecting stumpage in the area is

north/south position; i.e. stumpage decreases with
northerly position

14) relative closeness to a mill was only significant for
birch log stumpage; i.e. higher stumpage with de-
creasing distance to mill

15) position in regard to railway and bundle floating
terminal, or mill had no effect on stumpage for pine

C.)

19)

logs, pine pulpwood, spruce pulpwood and hard-
wood pulpwood. Closeness to a dumping terminal
had a small effect on increasing spruce log stumpage

for the area on the average, total road, railway and
water transport distances are 1.34, 1.51 and 1.76
times the straight-line distance from the source to
destination, respectively

on the average bundle floating is cheaper than road
transport for straight-line distances greater than 48
km for all floatable wood assortments

when the initial transport distance to a terminal is
short (i.e. less than 5 km) bundle floating begins to
be competitive with truck transport at straight-line
distances of slightly less than 20 km

on the average railway transport is cheaper than

road transport for straight-line distances greater
than 125 km
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20) on the average railway transport is never competi-

tive with bundle floating

in all cases bundle floating can be said to be cheaper

than truck transport after a straight-line distance of

160 km irrespective of initial transport distance

22) if an additional cost of 1.50 FIM/m® for millyard
receiving, as well as the cost of interest directly due
to bundle floating, are added to the costs of bundle
floating, the average straight-line distance after
which bundle floating is cheaper than truck trans-
port is 67 km

21

=

23

in rationalization of bundle floating most attention
should be focused on initial transport to terminals,
the interface between road transport and actual
bundle towing, and mill receiving



8. SUMMARY

The study deals with long-distance trans-
port of wood in the Saimaa area of Finland.
Long-distance transport was limited to cover
the transport of wood raw material from the
forest, at roadside, to its place of utilization.
It also includes extended primary transport.
Due to the complex nature of the long-dis-
tance transport environment in the area, de-
cision-making in long-distance transport is
difficult. Thus, the major objective of the
study was to develop a method which could
be used in solving transport problems and in
formulating transport policies in an ever-
changing and complex environment. The
other objective was to study the competitive-
ness and search for possible areas for
rationalization of water transport in particu-
lar, and long-distance transport in general.

Bundle floating was the only water trans-
port method studied. Truck and tractor
transport were included in road transport.
Bundle floating and railway transport also
included initial transport to terminals and
terminal operations. The area is well serviced
by all three transport systems. The total
length of waterway channels in the area was
3233 km and 88 terminals were used during
1980 to 1982. The length of railway servicing
the area was about 1 400 km and 82 terminals
were used during 1980 to 1982. The density of
the road network was estimated to be about
23 m/ha. The annual industrial wood re-
quirement (roundwood and forest chips) dur-
ing a good year was about 13 M(m®) and 37
wood processing centres/points were demar-
cated. The total area was 56 075 km®.

The shares of wood delivered to mills dur-
ing 1981 and 1982 were 49.5, 36.5 and 14.0
%, for truck, water and railway transport,
respectively. The smallest variation between
annual volumes delivered to mills in the area
was with water transport (i.e. CV was 0.07),
while truck and railway transport had the
highest variation between years (i.e. CV were
0.30 and 0.29, respectively). From 1972 to
1982 the rates of direct transport cost increase
in Finland for tractor, truck, water and rail-
way transport were 18.2, 10.9, 11.6 and 11.5

%/a, respectively. Although truck transport
should be more susceptible to inflationary
pressures than water or railway transport,
rationalization has been able to keep its cost
better in line. The use of tractors for delivery
to the mill was insignificant. When use of a
truck trailer-unit was possible and the load-
ing site class was (2), extended primary
transport by tractor was only competitive for
distances up to 4.5 to 8 km (1983 costs),
depending on the wood assortment and desti-
nation in question.

When choosing the most appropriate
transport policy, a firm should strive to
achieve the best overall economic result over
the long-term. When choosing between trans-
port policies both business economic and na-
tional economic factors must be accounted
for. The major business economic factors are:
1) availability of wood for purchasing; 2)
harvesting schedule (i.e. availability of wood
at roadside); 3) harvesting methods in use
and costs; 4) direct transport costs; 5) time
required for transport from forest to mill; 6)
technical factors as to method availability
and effect on wood quality; 7) holding costs;
8) transport method dependability and ser-
vice; and 9) wood demand at the mill. The
major national economic factors are: 1) pro-
ductivity of resources (e.g. labour, energy and
capital); 2) environmental effect; 3) domestic
ratio; 4) dependability and applicability in
crises; 5) net cost to the State after accounting
for establishment, maintenance and opera-
tional costs and revenue directly related to
the transport methods; and 6) accident risk.

Operations research (OR), database man-
agement systems (DBMS) and geographic
information systems (GIS) were reviewed to
determine their applicability as aids in long-
distance transport decision-making. It was
found that OR methods or DBMS by them-
selves, were not applicable to the problem on
hand. Their major deficiency was that they
do not account for spatiality of data. GIS
with specially developed software would ap-
pear to be applicable, but the investment
required for just solving long-distance trans-

port problems would be unjustified. If a GIS
is employed by a firm for forest management
planning, then the starting point is different
and the type of system developed in this study
could be easily formed and added to it or used
independently.

A spatial database — heuristic program-
ming system was developed to aid the exami-
nation of the transport situation in the study
area. The method for spatial delineation of
data was the grid method since more em-
phasis was placed on data manipulation,
than graphical resolution. The polygon
method would be the most appropriate if high
graphical resolution is required. To be more
versatile, most modern GIS employ both
methods. The uniform coordinate system was
used to form the grid covering the area. The
interval between grid lines was 2.5 km (i.e.
each grid cell covered an area of 6.25 km?).
All information relating to long-distance
transport was obtained and stored by grid
cell coordinates. The major information
groups were: 1) roads, 2) railway system, 3)
water transport system, 4) watersheds, 5)
water coverage, 6) mills, 7) forestry board
districts and 8) municipalities. Descriptive
information for the area was gathered and
stored in information catalogues: i.e. annual
allowable drain by wood assortments and
forestry board districts, wood volumes dis-
patched from terminals, industrial cuttings,
wood consumption at mills, wood delivered
to mills, channel costs, payment rates, stump-
ages by municipalities, and terminal and
transfer facility names and descriptions. In-
formation matrices were formed to represent
special features for use in data manipulation
or output. The above form the spatial
database.

Due to the large number of transport
choices available, heuristic search algorithms
were developed. When major transport ar-
teries are examined, there are two transport
network configurations possible: i.e. branch-
ing and interconnected loop configurations.
The road and railway networks had intercon-
nected loop confirgurations, while the water-
way network had a branching configuration.
For this reason the complexity of the route
search algorithms between the methods dif-
fered. By stating the coordinates of the source
and destination, the search algorithm deter-
mines a “good” route between the two points.
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In all cases it can be said the best railway and
water transport routes are found. Due to the
very complex nature of the road network, the
route found may not always be the best one
possible. However, it can be held to be always
very close to it. Analysis of variance showed
that there were no significant differences be-
tween route search algorithm and manually
measured minimum distances for all trans-
port methods. Cost subroutines were de-
veloped to employ the information gained
from the route search algorithms to deter-
mine actual transport costs. The route search
algorithms and cost subroutines were com-
bined to form BASDATSERCH. The opera-
tion of BASDATSERCH is as follows:

1) the grid coordinates of the source and destination
are fed into the program

2) the type of wood assortment to be transported, as
well as the loading site class are entered

3

the program then checks that both the source and
destination are serviced by a road; if not the run is
stopped and a message given that no transport is
possible. The program does not account for the
logging of shore and island forests where water
transport is the only possible transport mode

the program determines whether the destination is
serviced by a railway and/or water transport chan-
nel. If access to the destination by one or both
methods is not possible, the route search for the
method(s) in question is not initiated. Similarly, the
search by either method is only activated if a trans-
portable wood assortment is in question

5) if wood can be delivered by bundle floating then the
program will determine the five closest bundle float-
ing terminals based on straight-line distance. The
program has the capacity for ten terminals but it was
found that five was sufficient

road routes and distances are determined between
the source and five terminals, and the cost of initial
transport to each terminal calculated for both truck
and tractor transport. If the distance exceeds 40.0
km no tractor transport cost is calculated

bundle floating routes are then determined between
the five terminals and the destination, and the direct
cost of bundle floating from each terminal calculated
8) total bundle floating costs to the destination are
calculated via all five terminals using tractor and
truck transport

all information obtained above is outputed. The
dumping terminal class is also printed to give the
decision-maker knowledge 4bout terminal availabili-
ty for dumping (i.e. | — summer use, 2 - winter use, 3
— all year). Ten terminals which are no longer in use
were included in the list of available dumping termi-
nals to determine if they had been justifiably aban-
doned and are referred to by class 4

steps 5) through 9) are repeated for railway trans-
port. In addition, the type of railway terminal (i.e.
stationary crane or not) has to be examined when

4
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calculating the cost of initial transport to the ter-
minal

11) the road route connecting the source and destination
is determined, and the truck and tractor costs calcu-
lated and outputed

BASDATSERCH only presents informa-
tion for the decision-maker to employ in
choosing the best long-distance transport
method and if applicable, the best terminal
via which wood should be transported. While
BASDATSERCH can be used in determining
the competitiveness between methods, other
heuristic programming techniques can be
used to gain further information about the
transport environment. For example, dirich-
let tessellations can be used to determine
interface/fringe areas where detailed atten-
tion can be focused, to determine theoretical
spheres of influence based on shortest
straight-line distance or to demarcate an
area. There are no standard heuristic pro-
gramming techniques available and each ap-
plication must be tailor fit to the problem.
The possible uses of a system of this type is
almost endless, with the major limitations
being the imagination and skill of the design-
ers and programmers, accuracy and scope of
the information contained, and the budget.

The greatest limitation in the development
of a system as outlined, is the extensive work
required in data acquisition and recording for
storage in a computer. The volume of infor-
mation required precludes the use of micro-
computers. There is extensive programming
involved and a person would be required
solely to run the system and for further de-
velopment. Also, considerable work would be
required to gather new information as it be-
comes available and for updating the spatial
database. To remain applicable in a dynamic
environment continuous updating of the spa-
tial database is required.

The spatial database — heuristic program-
ming system was used to study the competi-
tiveness and search for possible areas of
rationalization of water transport in particu-
lar and long-distance transport in general.
The system was applied to solving the follow-
ing problems: wood procurement variation,
terminal theoretical service areas, terminal
density vs average straight-line distance to
terminals, wood processing centre/point
theoretical wood procurement areas, stump-
age vs terminal, mill and north/south prox-

imity, transport method competitiveness and
cost-benefit analysis. The following conclu-
sions can be made from the results obtained
in the examinations:

1) when dealing with total average inventory required
at roadside, in transit and at the millyard in the
Saimaa area (to ensure no wood shortages at the
mill), the average inventory required due solely to
the seasonal nature of bundle floating is approxi-
mately a 0.6 month wood supply. This results in an
interest cost due solely to bundle floating of 1.40
FIM/m’ at an interest rate of 16 %/a and average
wood cost of 200 FIM/m*

the number of railway terminals could be reduced to
70 to 80, with possible reductions occurring in the
central zone of the area

the total number of bundle floating terminals is near
the optimum but adjustment of terminal locations
would reduce the average minimum straight-line
distance

&

&

4) the most impact of floating terminal increases/re-
ductions would be in the northern zone of the area

&)

the least impact of floating terminal increases/reduc-
tions would be in the central zone

2

the largest use of railway transport is in the north-
western part of the area, while bundle floating is
most extensively used in the north-eastern part

64 % of wood dispatched from railway terminals in
the area was delivered to mills beyond the area,
while 55 % of the wood delivered by railway to mills
in the area was from external sources

the majority (55 %) of railway dispatched wood
with external destinations was transported to mills
in the southern part of the Kymi River watershed
and on the coast of the Gulf of Finland

softwood pulpwood was the major wood assortment

transported by railway

railway and water transport are used in their proper

transport niches in the area, with railway transport

employed for poor floating species, wood to external

destinations, wood from external destinations, and

transport between watershed areas where bundle

floating is not possible

11) no matter how wood transport is optimized in the
area, the mills in the southern part of the area will
require the use of railway and/or water transport for
pine logs, spruce logs, hardwood logs, pine pulp-
wood and hardwood pulpwood if they are to remain
competitive; these mills account for almost 50 % of
industrial wood consumption in the area

12) there appears to be a surplus of spruce pulpwood in
the area and a shortage of pine pulpwood

13) the major factor affecting stumpage in the area is
north/south position; i.e. stumpage decreases with
northerly position

14) relative closeness to a mill was only significant for

birch log stumpage; i.e. higher stumpage with de-

creasing distance to mill

position in regard to railway and bundle floating

terminal, or mill had no effect on stumpage for pine

logs, pine pulpwood, spruce pulpwood and hard-

wood pulpwood. Closeness to a dumping terminal

had a small effect on increasing spruce log stumpage
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16) for the area on the average, total road, railway and
water transport distances are 1.34, 1.51 and 1.76
times the straight-line distance from the source to
destination, respectively

17) on the average bundle floating is cheaper than road
transport for straight-line distances greater than 48
km for all floatable wood assortments

18) when the initial transport distance to a terminal is
short (i.e. less than 5 km) bundle floating begins to
be competitive with truck transport at straight-line
distances of slightly less than 20 km

19) on the average railway transport is cheaper than

road transport for straight-line distances greater
than 125 km

on the average railway transport is never competi-
tive with bundle floating

in all cases bundle floating can be said to be cheaper
than truck transport after a straight-line distance of
160 km irrespective of initial transport distance

22) if an additional cost of 1.50 FIM/m® for millyard
receiving, as well as the cost of interest directly due
to bundle floating, are added to the cost of bundle
floating, the average straight-line distance after
which bundle floating is cheaper than truck trans-
port is 67 km

20

21

23) in rationalization of bundle floating most attention
should be focused on initial transport to terminals,
the interface between road transport and actual
bundle towing, and mill receiving

With the use of a spatial database — heuris-
tic programming system, information for use
in tactical planning can also be readily ob-
tained. The proper terminals for wood de-
liveries, as well as the competitiveness of the
choices available are clearly delineated. Ter-
minals available, wood requirements, wood
sources available, etc., could all be included
in the system and easily obtained when mak-
ing decisions. A system of this type could also
be used as a standard to compare the efficien-
cy of the field operations. If the system is
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updated daily, for example with wood pur-
chase locations, roadside inventory locations,
terminal inventories, etc., all managers could
access the system to view the current wood
procurement situation. The competitiveness
of different channels can also be examined, as
well as facilities location problems. The spa-
tial delineation of the above data is more
meaningful than a list of tables. The ready
access and clear visual display of information
would make decision-making in long-distance
transport, as well as in all wood procurement,
more accurate and easier.

The spatial database — heuristic program-
ming system developed in this study proved
to be applicable for aiding long-distance
transport decision-making in an ever-chang-
ing and complex environment. The examples
listed above only outline some of the possible
applications of the system. Also, as more
information becomes available through
analysis it can be incorporated into the spa-
tial database. In this way the system would
become more powerful. In addition, combin-
ing the information obtained with other avail-
able information (e.g. harvesting and wood
processing  costs) and methods (e.g.
mathematical programming) would extend
the usefulness of the system. With increased
use of computers at the field level a system
similar to the one presented in this thesis
would seem to be a powerful aid in long-
distance transport decision-making. It must
be remembered that the spatial database —
heuristic programming system described, is
an aid to be used in decision-making and is
not a source of ready answers.
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TIIVISTELMA

SIJAINTITIETOKANTA — HEURISTINEN OHJELMOINTIJARJESTELMA PUUTAVARAN
KAUKOKULJETUKSEN PAATOKSENTEOSSA

Tutkimuksessa kisitellidn puutavaran kaukokuljetus-
ta Saimaan alueella. Tutkimus rajattiin puutavaran kul-
jetukseen metsasta (tienvarresta) kédyttopaikalle ja se
sisaltdd myos jatketun lahikuljetuksen. Sopivan kuljetus-
tavan ldytiminen ei ole helppoa, koska ongelmakentta on
monimutkainen ja paatoksenteossa kiytettavissa apuva-
lineissa on puutteita. Tutkimuksen paatavoitteeksi tuli
etsia tahdn ongelmaan parannuksia. Sen aikana kehitet-
tiin sijaintitietokannan ja heuristisen ohjelmoinnin avul-
la toimiva jarjestelmi, joka soveltuu kaytettaviksi kau-
kokuljetusta koskevassa paatoksenteossa. Toinen tutki-
muksen tavoitteista oli tutkia kehitetyn menetelmin
avulla vesikuljetuksen kilpailukykya ja erilaisia rationali-
sointimahdollisuuksia. Maantie- ja rautatiekuljetus otet-
tiin my6s huomioon.

Nippu-uitto oli ainoa tutkittu vesikuljetusmenetelma.
Maantiekuljetukseen sisiltyy sekd autokuljetus ettd jat-
kettu lihikuljetus traktorilla. Alkukuljetus terminaalille
ja terminaalilla tapahtuvat toiminnot sisiltyvit nippu-
uittoon ja rautatiekuljetukseen. Kaikki nima kuljetusme-
netelmat palvelevat aluetta hyvin. Vesivaylien pituus
alueella on 3 233 km ja vuosina 1980— 1982 puuta toimi-
tettiin 88 vesikuljetusterminaalille. Rautateita alueella
oli noin 1 400 km ja puuta toimitettiin 82 rautatietermi-
naalille samoina vuosina. Tieverkoston tiheydeksi alueel-
la arvioitiin 23 m/ha. Saimaan alueella oli 37 eri puunja-
lostuslaitosta tai -laitosryhmaa. Koko alueen pinta-ala
oli 56 075 km®. Alueen puunjalostusteollisuuden aines-
puun tarve hyvina vuonna on noin 13 M(m’*).

Tehtaalle toimitettujen puumaarien osuudet auto-, ve-
si- ja rautatiekuljetuksessa olivat 49.5, 36.5 ja 14.0 %.
Pienin vuotuinen vaihtelu on ollut vesikuljetuksessa, au-
to- ja rautatickuljetuksessa vaihtelu oli suurin. Keski-

m
ovat traktori-, auto-, vesi- ja rautatickuljetuksissa nous-
seet 18.2, 10.9, 11.6 ja 11.5 %/a. Vaikka autokuljetus
yleensi on inflaatioherkin, todettiin, ettd sen rationali-
soinnilla on pystytty pitimain kustannusten nousu pa-
remmin hallinnassa kuin muilla kuljetusmenetelmilla.
Traktoreilla tehtaalle toimitetulla puumaaralla ei ollut
alueella mitdan merkitysta. Kun kuljetusta voidaan suo-
rittaa ajoneuvoyhdistelmilld ja kun kuormauspaikka-
luokka on 2, oli jatkettu lahikuljetus traktorilla tavarala-
jista riippuen kilpailukykyinen 4.5—8 km saakka.

Kun puutavarayhti6 valitsee itselleen sopivaa kulje-

diset valittdomat kuljetuskustannukset Suomessa

tuspolitiikkaa, tavoitteena pitiisi olla yhtion paras mah-
dollinen kokonaistaloudellinen tulos. Tarkasteltaessa eri
kuljetusmenetelmii olisi otettava huomioon paitsi liike-,
myo6s kansantaloudelliset nakokulmat. Tarkeimmiit liike-
taloudelliset tekijat ovat: 1) puun oston kausivaihtelut, 2)
puunkorjuun kausivaihtelut, 3) kiytetyt korjuumenetel-
mat, 4) valittomat kaukokuljetuskustannukset, 5) aika-
viive puutavaran kuljetuksessa, 6) tekniset tekijat (esim.
menetelmin kdyttémahdollisuudet ja suoranainen vaiku-
tus puutavaran laatuun), 7) varaston yllapitokustannuk-
set, 8) kuljetusmenetelmin varmuus ja palvelukyky ja 9)
tehtaan puuntarve. Tarkeimmit kansantaloudelliset te-
kijat ovat: 1) tyévoiman, paioman ja energian tehokas
kayttd, 2) ympiristolle aiheutuvat haitat, 3) menetel-
mien kotimaisuusaste, 4) toimivuus héirié- ja kriisitilan-
teissa, 5) kuljetusmenetelmista julkiselle vallalle aiheutu-
vat nettokustannukset (kuljetusviylien ja terminaalien
rakentamis-, hoito- ja toimintakulut vastaan suoranaiset
tulot) ja 6) onnettomuusriski.

Operaatiotutkimuksen, tietokannan hallintojarjestel-
mien ja sijaintitietojarjestelmien soveltuvuutta kaukokul-
jetusta koskevaan paatoksentekoon tarkasteltiin. Ongel-
man suuruuden ja monimutkaisuuden vuoksi operaatio-
tutkimus ja tietokannan hallintojarjestelmat eivit sellai-
senaan sopineet alueella paitoksenteon apuvilineiksi.
Niiden suurin puute oli se, etteivit ne ota huomioon
tietojen maantieteellista sijaintia. Sijaintitietojarjestel-
maia, johon on liitetty sopivat ohjelmistot, voitaisiin kayt-
tad, mutta menetelmé vaatii niin suuria paiaomia, ettei
sita kannata kayttada vain kaukokuljetusta koskevassa
paatoksenteossa. Jos metsialan organisaatiolla on jo kiy-
tettivissiin sijaintitietojirjestelma metsitalouden suun-
nittelussa, tilanne on luonnollisesti toinen. Silloin seuraa-
vassa esitelty paatoksenteon apuviline voidaan helposti
muodostaa sijaintitietojarjestelmin avulla. Se voidaan
lisita osana sijaintitietojarjestelmain tai siti voidaan
kayttaa erikseen.

Tutkimuksessa kehitettiin sijaintitietokanta — heuristi-
nen ohjelmointijarjestelmi, jota kaytettiin alueen kauko-
kuljetuksen tarkastelussa. Sijaintitiedot jarjestettiin ruu-
dukkomenetelmilld. Se sopi hyvin tietojen kisittelyyn ja
oli halvempi ja helppokayttisempi kuin muut menetel-
mit. Jos vaaditaan tarkkaa graafista tulostusta, niin
polygonimenetelma on sopivin. Monipuolisuuden saa-
vuttamiseksi nykyaikaiset sijaintitictojarjestelmit kiytta-

vat molempia menetelmii. Ruudukon muodostamisessa
kiytettiin yhteniiskoordinaatistoa. Ruutujen sivut olivat
2.5 km pitkia eli koko ruudun ala oli 6.25 km’. Kaikki
kaukokuljetusta koskevat tiedot kerittiin ja tallennettiin
ruutujen koordinaattien avulla. Piiasialliset tietoryhmit
olivat: 1) tiet, 2) rautatiesysteemi, 3) vesikuljetussystee-
mi, 4) vesistot, 5) jarvisyys, 6) puunjalostuslaitokset, 7)
piirimetsalautakunnat ja 8) kunnat. Alueelta hankittiin
ja tallennettiin tietoluetteloihin myds deskriptiivista in-
formaatiota, esim. hakkuupoistuma, terminaaleille toi-
mitetut puumaiarat, markkinahakkuut, jalostuslaitosten
ainespuun kayttd, viylien kustannukset, maksutaulukko-
tiedot, kuntien kantohinnat ja terminaaleja kuvailevia
tietoja. Mainittujen tietojen avulla muodostettiin infor-
maatiomatriisit. Ne ovat tietokonemuistissa yksittiisten
karttojen kaltaisia ja jokainen matriisi sisdltdd yhden
tietolajin. Informaatiomatriiseja kiytettiin tietojen kisit-
telyssd tai tulostuksessa. Kaikki ylla luetellut tiedot sisil-
tyvat sijaintitietokantaan.

Heuristisia kuljetusreitin etsimisalgoritmeja kehitettiin
siten, etta ne olivat apuna sijaintitietojen hyvaksikaytés-
sa. Kun valtavaylat tarkistettiin, saatiin kaksi erityyppis-
ta muotoa: yhdistetty rengasmuoto ja haarautuva muoto.
Alueen tie- ja rautatieverkostot ovat yhdistettyja rengas-
muotoisia kun taas vesivaylilli on haarautuva muoto.
Reitin etsimisalgoritmien monimutkaisuusaste riippuu
kuljetusmenetelman verkoston monimutkaisuudesta ja
muodosta. Kun alku- ja paitepisteiden koordinaatit sys-
tetddn tietokoneeseen, reitin etsimisalgoritmi 16ytaa “hy-
van” reitin pisteiden vililla. Algoritmeilld l6ydetyt rauta-
tie- ja vesikuljetusreitit ovat myds parhaat mahdolliset
reitit. Maantieverkoston monimutkaisuuden vuoksi
maantiereitin etsimisalgoritmi 16ytaa aina reitin, joka on
“melkein” paras ja suurimmassa osassa tapauksia par-
haan mahdollisen reitin. Varianssianalyysin avulla to-
dettiin, ettei kisin lasketun lyhimman reitin ja tietoko-
neella laskettujen reittien vililla ollut mitdan merkitta-
vai eroa. Tutkimuksen kuluessa kehitettiin myds kustan-
nusaliohjelmia, joiden avulla kustannusten laskemisessa
voitiin kayttaa hyviksi reitin etsimisalgoritmilla saatuja
tietoja. Paaohjelmalle annettiin nimi BASDATSERCH
ja se yhdistaa ylli mainitut osat keskenaan. BASDAT-
SERCH:in toimintaperiaate on seuraava:

alku- ja paiatepisteiden koordinaatit sy6tetadn tieto-
koneeseen

N

puutavaralaji syotetdan tietokoneeseen

ohjelma tarkistaa, ettd seka alku- ettd paitepisteille
on olemassa tieyhteys. Jos yhteytti ei ole, ohjelma
tulostaa viestin ja loppuu

4) ohjelma tarkistaa, onko paitepisteelle rautatie- tai
vesikuljetusvayliyhteys

w

5) jos vesikuljetus on mahdollinen, ohjelma etsii viisi
lihintad vesikuljetusterminaalia
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6) tieyhteys ja matkat alkupi a kaikkiin terminaa-
leihin selvitetdin ja alkukuljetuskustannukset laske-
taan. Alkukuljetusvaihtoehdot ovat kuljetus autolla
ja jatkettuna lahikuljetuksena traktorilla

7,

=

vesikuljetusvaylat ja uittokustannukset terminaaleis-
ta paitepisteeseen maaritellaan
kokonaisvesikuljetuskustannukset alkupisteesti paa-
tepisteelle lasketaan jokaisen terminaalin osalta erik-
seen

=

©

kaikki tiedot tulostetaan

vaiheet 5—9 toistetaan rautatiekuljetusta koskevin
tiedoin

s

11) maantiereitti alku- ja paatepisteiden valilla selvite-
taan ja kustannukset maaritelladn autolla seka jat-
kettuna lahikuljetuksen traktorilla. Tiedot tuloste-
taan

BASDATSERCH tulostaa vain sellaisia tietoja, joita
voidaan kayttad paatoksenteossa apuna, ei valmiita rat-
kaisuja. BASDATSERCH on yksi esimerkki sijaintitieto-
kanta — heuristisesta ohjelmointijarjestelmasta, jossa ver-
taillaan eri kuljetusmenetelmien kilpailukykya. Jarjestel-
mai voidaan kdyttaa myos muiden ongelmien ratkaise-
miseen. Voidaan esimerkiksi maaritella pisteen teoreetti-
nen vaikutusalue lyhimpien matkojen avulla (matka lin-
nuntietd). Talléin voidaan paikallistaa ne alueet, joihin
olisi kiinnitettdva huomiota. Sijaintitietokanta — heuristi-
sen ohjelmointijarjestelmin kayttomahdollisuudet ovat
laajat. Suurimmat rajoittavat tekijat ovat suunnittelijoi-
den ja ohjelmoijien kyky ja mielikuvitus, tietojen tark-
kuus ja laajuus seka jarjestelman budjetti.

Suurin vaikeus tallaisen jarjestelmdn kehittimisessa
on tietojen hankinta ja niiden tallentaminen tietokoneen
muistiin. Sy6tettavien tietojen maira on niin suuri, ettei-
vat mikrotietokoneet sovellu tehtivan suorittamiseen.
Ohjelmointi vaatii niin paljon aikaa, ettd jarjestelmian
kayttoa ja kehittelya varten tarvitaan ainakin yksi henki-
16. Myos sijaintititetokannan pitiminen ajan tasalla vaa-
tii paljon tyotd. Toisaalta jarjestelmille uhrattu aika
takaa sen kayttokelpoisuuden myos muuttuvissa olosuh-
teissa.

Sijaintitietokanta — heuristista ohjelmointijarjestelmaa
kayttamalla saavutettiin tutkimuksen toinen tavoite eli
tutkittiin vesikuljetuksen kilpailukykya ja rationalisointi-
mahdollisuuksia. Tarkastellut tekijat olivat: puunhan-
kinnan vaihteluiden vaikutus kaukokuljet Imén
valintaan, vesikuljetus- ja rautaticterminaalien teoreetti-
set vaikutusalueet, terminaalien tiheyden vaikutus keski-
mairaiseen matkaan (linnuntietd) vesikuljetus- ja rauta-
tieterminaalille, puunjalostuslaitosten ja laitosryhmien
teoreettiset puunhankinta-alueet, kantohinnan ja eri kul-
jetustekijoiden vilinen riippuvuus, kaukokuljetusmene-

telmien kilpailukyvyn tarkistaminen ja kustannus-hyoty-
analyysi. Niiden perusteella voidaan tehdad seuraavat
paatelmat:
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1) Saimaan alueella nippu-uiton suoranainen vaikutus
varastojen suuruuteen on noin 0.6 kuukauden puun-
tarve. Nippu-uiton aiheuttama suoranainen korko-
kustannus on noin 1.40 FIM/m® laskettuna 16 %/a
kcnxrolla ja keskimaaraisella puun arvolla 200 FIM/
m

2

-

rautatieterminaalien maara voidaan vahentda
70—80 terminaaliin; alkumatkat pitenisivit vahiten,
jos terminaalien lukumaédraa vahennettdisiin Sai-
maan alueen keskiosassa

3

vesikuljetusterminaalien lukumaira on suunnilleen
optimissa, mutta erdiden terminaalien sijoituksen
tarkistuksella voitaisiin alkukuljetusmatkoja ly-
hentaa

4

=

suurin vaikutus alkukuljetusmatkaan olisi vesikulje-

tusterminaalien lisddamiselld/vihentimiselld alueen

pohjoisosassa

5) pienin vaikutus alkukuljetusmatkaan olisi vesikulje-
tusterminaalien lisadamisella/vahentamiselld alueen
keskiosassa

6

=

rautatiekuljetuksia kaytetdan eniten alueen luoteis-
osassa, nippu-uittoa eniten koillisosassa
7

-

64 % alueen rautatickuljetuksen puumairisti toi-
mitettiin alueen ulkopuolelle ja 55 % tastda maarasta
toimitettiin eteldaan Kymijoen vesiston ja Suomen-
lahden rannalla oleville tehtaille

8

55 % alueen tehtaille rautateitse toimitetusta puu-
maarasta tuli alueen ulkopuolelta

9) rautateitse kuljetettiin eniten havukuitupuuta

10) rautatiekuljetusta ja nippu-uittoa kiytetain oikeissa
paikoissa  puunkuljetuksessa. Rautatiekuljetusta
kaytettiin huonosti uivien puutavaralajien kuljetta-
misessa, puutavaran kuljetuksessa alueen ulkopuo-
lelta alueen tehtaisiin, alueen puutavaran kuljetuk-
sessa alueen ulkopuolella oleville tehtaille ja kulje-
tuksessa sellaisten alueen osien vililld, missa nippu-
uitto ei ole mahdollinen

puun kuljetuksen optimoinnista huolimatta tarvi-
taan rautatickuljetusta ja/tai vesikuljetusta minty-
tukin, kuusitukin, lehtipuutukin, mantykultupuun ja
lehtikuitupuun kuljetuksissa Etela-S

oleville tehtaille

alueella nayttaa olevan kuusikuitupuun ylitarjontaa
ja puutetta mantykuitupuusta

13) mcrkltscvm tckl_]a kantohinnoissa oli kunnan cteli/
mentéessa kaikkien puu-
tava:alajlen kantohmta laskee)
tehtaan ldheinen sijainti vaikutti (korottavasti) vain
lehtipuutukin kantohintaan
15) rautatie- tai vesikuljetusterminaalien laheinen si-
Jjainti ei juurikaan vaikuttanut kantohintaan. Vain
vesikuljetusterminaalin laheisyydella oli pieni posi-
tiivinen vaikutus kuusitukin kantohintaan
kokonaiskuljetusmatkat maantie-, rautatie- ja vesi-
kuljetuk olivat suh 1.34, 1.51 ja 1.76 lin-
nuntietd mitattuun matkaan alku- Jja paatepisteiden
valilla

11

=

12

=

14

=

16

4

17) nippu-uitto on keskiméarin autokuljetusta halvem-
paa 48 km:n matkan (linnuntietd) jalkeen

18) kun alkukuljetusmatka vesikuljetusterminaalilie on
lyhyt (alle 5 km), alkaa nippu-uitto olla kilpailuky-
kyinen autokuljetuksen kanssa 20 km:n matkan (lin-
nuntietd) jilkeen

19) rautatiekuljetus on keskimaarin autokuljetusta hal-
vempaa 125 km:n matkan (linnuntietd) jalkeen

20

rautatiekuljetus ei ole milloinkaan kilpailukykyinen
nippu-uiton kanssa, kun kysymyksessa on uitettava
puutavaralaji

kaikissa tapauksissa nippu-uitto on autokuljetusta
halvempaa 160 km:n matkan (linnuntietd) jalkeen

21

22) jos tehtaan vastaanottokustannukset ovat uitossa
1.50 FIM/m* kallumplaja korkokustannukset laske-
taan mukaan, nippu-uitto on keskimaarin autokulje-
tusta halvempaa 67 km:n matkan (linnuntietd) jal-
keen

23

nippu-uittoa rationalisoitaessa pitdisi eniten huo-
miota kiinnittda alkukuljetukseen, terminaalin toi-
mintoihin ja tehdasvastaanottoon

Sijaintitietokanta — heuristisen ohjelmointijérjestel-
man avulla saadaan helposti informaatiota vuosisuunnit-
telua varten. Oikeat reitit terminaaleineen sekd eri mene-
telmien keskindinen kilpailukyky pysty

maan selvasti. Kaytossa olevien terminaalien sijainnit,
puuntarve, puun paikallinen saatavuus yms. tiedot olisi-
vat helposti kiytettiavissa kaukokuljetukseen paatoksen-
teossa. Taman tyyppistd jarjestelmaa voidaan myos
kayttaa standardina vertailtaessa kaytiannon kuljetuksen
tehokkuutta. Jos jarjestelman paivitys olisi ajan tasalla,
olisi paatoksentekijilli katensa ulottuvilla hyodyllista
tietoa esim. puukaupoista ja tienvarsi- ja terminaaliva-
rastojen ja suuruuksista. Eri véylien kilpailu-
kyky voidaan tarkistaa, samoin toimipaikkojen sijainnit.
Tietojen esittaminen sijainnin avulla on hyodyllisempaa
kuin monen taulukon tulostus.

Tiassa tutkimuksessa kehitetty sijaintitietokanta — heu-
ristinen ohjelmointijarjestelma on osoittautunut hyédyl-
liseksi apuvilineeksi puutavaran kaukokuljetuksen paa-
toksenteossa. Edelld on mainittu vain muutamia esi-
merkkeja jarjestelmdn kayttokelpoisuudesta. Jarjestel-
min avulla saatua tietoa voidaan myos tallentaa jarjes-
telmin sijaintitietokantaan, jolloin j

J

rjestelmasta tulee
monipuolisempi. ATK:n kdyton lisidantyessda myos ken-
talla edelld selostettu jarjestelma voi olla hyodyllinen
apuviline kaukokuljetuksen paitoksenteossa. Aina on
kuitenkin muistettava, ettei jarjestelmda anna valmiita
ratkaisuja vaan ainoastaan paatoksentekoa helpottavaa
tietoa.

;
APPENDIX A — Example of BASDATSERCH output
Liite A — Esimerkki BASDATSERCH:in tulostuksesta
:"""""“"""""" ACTUAL RAILWAY TRANSPORT DISTANCE:
.
. BASDAT SEARCH 4 - 46, 47 TO 54, 35 - 66.8 KM
. . - 44, 45 TO 54, 35 -
aeasararasatataaarrataan - 42, 38 TO 54, 35 -
- 49, 35 TO 54, 35 -
- 46, 34 TO 54, 35 -~
THE SOURCE COORDINATES ARE: 45
THE DESTINATION COORDINATES ARE 54, 35 ACTUAL RAILWAY TRANSPORT
IS SOURCE 47, 45 SERVICED BY A ROAD? YES - 46, 47 TO 54, 35 - 13.44 FIM
1S DESTINATION 54, 35 SERVICED BY A ROAD? YES - 44, 45 TO 54, 35 - 11.76 FIM
- 42, 38 TO 54, 35 - 10.36 FIM
- 49, 35 TO 54, 35 - 10.36 FIM
1S DESTINATION 54, 35 SRVICED BY A BUNDLE FLOATING ROUTE? YES - 46, 34 TO 54, 35 -~ 10.36 FIM
BASED ON STRAIGHT-LINE DISTANCE, THE CLOSEST 5 DUMPING TERMINALS ARE:
ROAD DISTANCE - ALL HIGHWAY CLASSES: 57.7 KM
- 48, 48 AKONPOHJA 3 7.9 KM ROAD DISTANCE - ALONG MAJOR HIGHWAYS. 58.7 KM
- 52, &3 MELAVESI 3 13.5 KM
- 40, 46 LASTUKOSKI 4 17.7 KM
- 43, 38 PAJULAHTI 3 20.2 KM TOTAL (ROAD + WATER) BUNDLE FLOATING TRANSPORT COSTS VIA 5 CLOSEST
- 52, 55 LUIKONLAHTI 4 28.0 KM DUMPING TERMINALS:
ROAD DISTANCES FROM SOURCE TO DUMPING TERMINALS: TRUCK:

- 48, 48 AKONPOHJA 3 15.0 KM - 47 , 45 to 48, 48 to 54, 35 - 20.24 FIM
- 52, 43 MELAVESI 3 23.5 KM - 47 , 45 to 52, 43 to 54, 35 - 20.68 FIM
- 40, 46  LASTUKOSKI 4 24.6 KM - 47 , 45 to 40, 46 to 54, 35 - 28.13 FIM
- 43, 38 PAJULAHTI 3 26.0 KM - 47, 45 to 43, 38 to 54, 35 - 21.26 FIM
- 52, 55 LUIKONLAHTI 4 36.6 KM - 47 , 45 to 52, 55 to 54, 35 - 37.84 FIM
TRUCK TRANSPORT COSTS FROM SOURCE TO DUMPING TERMINALS: TRACTOR:

- 48, 48 AKONPOHJA 3 13.15 FIM - 47 , 45 to 48, 48 to 54, 35 - 34.43 FIM
- 52, 43 MELAVESI 3 14.67 FIM - 47 , 45 to 52, 43 to 54, 35 - 47.13 FIM
- 40, 46  LASTUKOSKI 4 15.04 FIM - 47 , 45 to 40, 46 to 54, 35 - 55.89 FIM
- 43, 38 PAJULAHTI 3 15.41 FIM - 47 , 45 to 43, 38 to 54, 35 - 51.02 FIM
- 52, 55 LUIKONLAHTI 4 17.22 FIM - 47 , 45 to 52, 55 to 54, 35 - 82.92 FIM

TRACTOR TRANSPORT COSTS PROM SOURCE TO DUMPING TERMINALS:

~ 48, 48 AKONPOHJA 3 27.34 FIM TERMINALS

- 52, 43 MELAVESI 3 41.13 FIM

- 40, 46  LASTUKOSKI 4 42.80 FIM TRUCK:

- 43, 38 PAJULAHTI 3 45.16 FIM

- 52, 55 LUIKONLAHTI 4 62.30 FIM 47 , 45 to 46, 47 to 54, 35 24.93 FIM

25.91 FIM
ACTUAL BUNDLE FLOATING DISTANCE S

47 , 45 to 49, 35 to 54, 35 32.74 FIM
47 , 45 to 46, 34 to 54, 35 31.25 FIM
- 48, 48 TO 54, 35 -  46.6 KM
- 52, 43 TO 54, 35 - 40.6 KM
- 40, 46 TO 54, 35 - €9.3 KM TRACTOR
- 43, 38 TO 54, 35 -  34.1 KM
- 52, 55 TO 54, 35 - 125.7 KM 7, 45 to 46, 47 to 54, 35 27.24 FIM
47 , 45 to 44, 45 to 54, 35 25.56 FIM

47 , 45 to 49, 35 to 54, 35 seesss pry

to 54, 35 - 58.14 FIM
47 , 45 to 46, 34 to 54, 35 - eeeees pry

" - 7.09 FIM

- - 6.01 FIM

- 40, 46 TO 54, 35 - 13.09 FIM TRUCK TRANSPORT COST - ALL HIGHWAY CLASSES:  20.17 nu
- - s

- - 20
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.85 FIM TRUCK TRANSPORT COST - ALONG MAJOR HIGHWAYS: 20.17
.62 PIM

TRACTOR TRANSPORT COST DIRECT TO MILL: *####% pIM
IS DESTINATION 54, 35 SERVICED BY A RAILWAY LINE? YES

BASED ON STRAIGHT-LINE DISTANCE THE CLOSEST 5 RAILWAY TERMINALS ARE:

- 46, 47  JUANKOSKI JKI 5.6 KM
- 44, 45  VUOTLAHTI VTL 7.5 KM
- 42, 38 SANKIMAKI SKM 21.5 KM
- 49, 35 TOIVALA TO1 25.5 KM
- 46, 34 SIILINJARVI SIJ 27.6 KM

- 46, 47  JUANKOSKI JKI 7.5 KM
- 44, 45  VUOTLAHTI VTL 7.5 KM
- 42, 38 SANKIMAKI SKM 28.5 KM
- 49, 35 TOIVALA TOL 48.1 KM
- 46, 34 SIILINJARVI SIJ 40.6 KM

TRUCK TRANSPORT COSTS FROM SOURCE TO RAILWAY TERMINALS:

- 46, 47  JUANKOSKI K1 11.50 FIM
- 44, 45  VUOTLAHTI VTL 14.15 FIM
- 42, 38 SANKIMAKI SKM 18.62 FIM
- 49, 35  TOIVALA TOIL 22.38 FIM
- 46, 34  SILILINJARVI SIJ 20.89 FIM

TRACTOR TRANSPORT COSTS FROM SOURCE TO RAILWAY TERMINALS:

- 46, 47  JUANKOSKI JKI 13.80 FIM
- 44, 45  VUOTLAHTI VTL 13.80 FIM
- 42, 38  SANKIMAKI SKM
- 49, 35 TOIVALA TOI

46, 34  SIILINJARVI SIJ
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APPENDIX B - City (*) and municipality numbers and names
Liite B - Kaupunkien (*) ja kuntien numerot ja nimet

1. Anttola 21. Kiuruvesi 41. Pyhiselka

2. Eno 22. Kontiolahti 42. Rantasalmi
3. Enonkoski 23. Kuopio (*) 43. Rautavaara
4. Heinavesi 24. Lapinlahti 44. Rautjarvi

5. Iisalmi (*) 25. Lappeenranta (*) 45. Ristiina

6. Ilomantsi 26. Kemi 46. Ruokolahti
7. Imatra (*) 27. Leppavirta 47. Raikkyla

8. Joensuu (*) 28. Lieksa (*) 48. Saari

9. Joroinen 29. Liperi 49. Savitaipale
10. Joutseno 30. Maaninka 50. Savonlinna (*)
11. Juankoski 31. Mikkeli (*) 51. Savonranta
12. Juuka 32. Mikkeli 52. Siilinjarvi
13. Juva 33. Nilsia 53. Sonkajarvi
14. Jappila 34. Nuijamaa 54. Sulkava

15. Kaavi 35. Nurmes (*) 55. Suomenniemi
16. Kangaslampi 36. Outokumpu (*) 56. Taipalsaari
17. Kerimaki 37. Parikkala 57. Tohmajarvi
18. Kesilahti 38. Polvijarvi 58. Tuupovaara
19. Kiihtelysvaara 39. Punkaharju 59. Tuusniemi
20. Kitee 40. Puumala 60. Uukuniemi

APPENDIX C - Covariance analysis of transport cost relationships
Liite C — Kaukokuljetusk kovari

lyysi

1. Road transport cost

1) to southern Saimaa mill: Y = 11.0+0.210-X; r* = 0.97, VR = 11 211.3** n = 375
2) to 5 other mills: Y = 12.3+0.204-X; r* = 0.97, VR = 1 276.7** n = 45

3) pooled data: Y = 11.2+0.209-X; r* = 0.97, VR = 13 141.3** n = 420

Group regression

61. Valtimo

62. Varkaus (*)
63. Varpaisjarvi
64. Vehmersalmi

67. Virtsila
68. Ylimaa

69. Haukivuori
70. Kajaani (*)

71. Karttula
72. Kuhmo

73. Mintyharju

74. Pieksamiki

75. Pielavesi

76. Pyhijarvi

77. Pyhianta
78. Sotkamo

79. Suonenjoki (*)

80. Valkeala
81. Vuolijoki

line group df x? Zxy Zy? df SS(E) MS(E)
1 1 374 2529407 531037 115198 373 3709.1 9.944
2 2 44 247251 50399 10619 43 346.0 8.046
3 pooled residuals 416 4055.1 9.748
4 differences for testing common slope 1 8.4 8.4
5 commonslope | 418 | 2776658 | 581436 | 125817 417 4063.5 9.745
6 difference for testing common levels 1 13.7 13.7
7 single regression | 419J 2937873 ] 613682 | 132260 418 4077.2 9.754

test for common slope F, 45 = _84 _ 0.86™
9.748
13.7

test for common y-intercept F,,,; = = 1.41™

9.745

2. Railway transport cost

1) to southern Saimaa mill: Y = 26.7+0.084-X; r* = 0.72, VR = 953.6** n = 375
2) to 5 other mills: Y = 24.84+0.095-X; r* = 0.67, VR = 86.5** n = 45

3) pooled data: Y = 26.440.086-X; r* = 0.73, VR = 1 105.8** n = 420

Group regression

line group df =x? Zxy Ty? df SS(E) MS(E)
1 1 374 2529407 213497 25069 373 7048.4 18.90
2 2 44 247251 23581 3367 43 1118.1 26.00
3 pooled residuals 416 8166.5 19.63
4 differences for testing common slope 1 27.2 27.2
5 common slope | 418 | 2776658 | 237078 | 28436 417 8193.7 19.65
6 difference for testing common levels 1 18.7 18.71
7 single regression l 419 l 2937873 l 252631 | 29937 418 8212.4 19.647
test for common slope F, 45 = 212 _ 1.39™
’ 19.6
R . 18.71
test for common y-intercept F,,,; = - = 0.95™
e g PERT = 965
3. Bundle floating cost
1) to southern Saimaa mill: Y = 18.3+0.056-X; r’ = 0.64, VR = 666.2** n = 375
2) to 5 other mills: Y = 18.6+0.062-X; r* = 0.58, VR = 58.2** n = 45
3) pooled data: Y = 18.5+0.056-X; r’ = 0.64, VR = 736.8**, n = 420
Group regression
line group df % Zxy =y’ df SS(E) MS(E)
1 1 374 2529407 141993 12434 373 4462.7 11.964
2 2 44 247251 15229 1630 43 692.1 16.096
3 pooled residuals 416 51548 12.391
4 differences for testing common slope 1 6.9 6.9
5 common slope | 418 | 2776658 | 157222 | 14064 417 5161.7 12.378
6 difference for testing common levels 1 321 321
7 single regression I 419 I 2937873 | 163999 1 14349 418 5193.8 12.425
test for common slope Fy 45 = 69 0.56™
b 12.391
32.1

= 2.59™

test for common y-intercept Fy 4, =

12.378




ODC 781.1+786+378+63--07 ISBN 951-651-065-5
PULKKI, R. 1984. A spatial database — heuristic programming system for aiding
decision-making in long-distance transport of wood. Seloste: Sijaintitietokanta —
heuristinen ohjelmointijirjestelma puutavaran kaukokuljetuksen paitoksenteossa.
Acta For. Fenn. 188: 1—89.

The applicability of operations research, database management systems and geog-
raphic information systems for decision-making in long-distance transport of wood
in the Saimaa area were reviewed. Due to the complexity of the transport problem a
geographic information system is the most applicable. However, investment in such
a system for only long-distance transport decision-making is unjustified. A spatial
database — heuristic programming system was developed. It was applied to
studying the competitiveness and search for possible areas for rationalization of
water transport in particular and long-distance transport in general. The system
proved to be an useful aid in long-distance transport research. Also, with the
increased use of computers for planning at the field level, a system similar to that
described could be a powerful managerial aid.

Author’s address: Dept. of Logging and Utilization of Forest Products, University
of Helsinki, Unioninkatu 40 B, SF-00170 Helsinki, Finland.

ODC 781.1+786+378+63--07 ISBN 951-651-065-5
PULKKI, R. 1984. A spatial database — heuristic programming system for aiding
decision-making in long-distance transport of wood. Seloste: Sijaintitietokanta —
heuristinen ohjelmointijirjestelmi puutavaran kaukokuljetuksen paatoksenteossa.
Acta For. Fenn. 188: 1-89.

The applicability of operations research, database management systems and geog-
raphic information systems for decision-making in long-distance transport of wood
in the Saimaa area were reviewed. Due to the complexity of the transport problem a
geographic information system is the most applicable. However, investment in such
a system for only long-distance transport decision-making is unjustified. A spatial
database — heuristic programming system was developed. It was applied to
studying the competitiveness and search for possible areas for rationalization of
water transport in particular and long-distance transport in general. The system
proved to be an useful aid in long-distance transport research. Also, with the
increased use of computers for planning at the field level, a system similar to that
described could be a powerful managerial aid.

Author’s address: Dept. of Logging and Utilization of Forest Products, University
of Helsinki, Unioninkatu 40 B, SF-00170 Helsinki, Finland.

ODC 781.1+786+378+63--07 ISBN 951-651-065-5
PULKKI, R. 1984. A spatial database — heuristic programming system for aiding
decision-making in long-distance transport of wood. Seloste: Sijaintitietokanta —
heuristinen ohjelmointijarjestelmé puutavaran kaukokuljetuksen paatcksenteossa.
Acta For. Fenn. 188: 1—89.

The applicability of operations research, database management systems and geog-
raphic information systems for decision-making in long-distance transport of wood
in the Saimaa area were reviewed. Due to the complexity of the transport problem a
geographic information system is the most applicable. However, investment in such
a system for only long-distance transport decision-making is unjustified. A spatial
database — heuristic programming system was developed. It was applied to
studying the competitiveness and search for possible areas for rationalization of
water transport in particular and long-distance transport in general. The system
proved to be an useful aid in long-distance transport research. Also, with the
increased use of computers for planning at the field level, a system similar to that
described could be a powerful managerial aid.

Author’s address: Dept. of Logging and Utilization of Forest Products, University
of Helsinki, Unioninkatu 40 B, SF-00170 Helsinki, Finland.

ODC 781.1+786+378+63--07 ISBN 951-651-065-5
PULKKI, R. 1984. A spatial database — heuristic programming system for aiding
decision-making in long-distance transport of wood. Seloste: Sijaintitietokanta —
heuristinen ohjelmointijirjestelmid puutavaran kaukokuljetuksen paatoksenteossa.
Acta For. Fenn. 188: 1—89.

The applicability of operations research, database management systems and geog-
raphic information systems for decision-making in long-distance transport of wood
in the Saimaa area were reviewed. Due to the complexity of the transport problem a
geographic information system is the most applicable. However, investment in such
a system for only long-distance transport decision-making is unjustified. A spatial
database — heuristic programming system was developed. It was applied to
studying the competitiveness and search for possible areas for rationalization of
water transport in particular and long-distance transport in general. The system
proved to be an useful aid in long-distance transport research. Also, with the
increased use of computers for planning at the field level, a system similar to that
described could be a powerful managerial aid.

Author’s address: Dept. of Logging and Utilization of Forest Products, University
of Helsinki, Unioninkatu 40 B, SF-00170 Helsinki, Finland.




168

169

170

171

172

173

174

17

o

176

177

178

179

180

18

182

183

184

18

o

186
187

18

==}

189

190

ACTA FORESTALIA FENNICA

Wuolijoki, E. 1981. Effects of simulated tractor vibration on the psychophysiological and
mcchanical functions of the driver: Comparison of some exitatory frequencies. Seloste:
I'raktorin simuloidun tarinan vaikutukset kuljettajan psykofysiologisiin ja mekaanisiin toi-
mintothin: Erdiden heratctaajuuksien vertailu.

Chung, M.-S. 1981. Flowering characteristics of Pinus sylvestris L. with special emphasis on the
reproductive adaptation to local temperature factor. Seloste: Mannyn (Pinus sylvestris L.)
kukkimisominaisuuksista, erityisesti kukkimisen sopeutumisesta paikalliseen lampéilmastoon.
Savolainen, R. & Kellomiaki, S. 1981. Metsan maisemallinen arvostus. Summary: Scenic
value of forest landscape.

Thammincha, S. 1981. Climatic variation in radial growth of Scots pine and Norway spruce
and its importance to growth estimation. Seloste: Mannyn ja kuusen sadekasvun ilmastollinen
vaihtelu ja sen merkitys kasvun arvioinnissa.

Westman, C. J. 1981. Fertility of surface peat in relation to the site type class and potential
stand growth. Seloste: Pintaturpeen viljavuuden tunnukset suhtcessa kasvupaikkatyyppiin ja
puuston kasvupotentiaaliin.

Chung, M.-S. 1981. Biochemical methods for determining population structure in Pinus
sylvestris L. Seloste: Mannyn (Pinus sylvestnis L.) populaatiorakenteesta biokemiallisten tutki-
musten valossa.

Kilkki, P. & Varmola, M. 1981. Taper curve models for Scots pine and their applications.
Seloste: Mannyn runkokayramalleja ja niden sovellutuksia.

Leikola, M. 1981. Suomen metsatieteellisen julkaisutoiminnan rakenne ja maarallinen kehitys
vv. 1909—-1978. Summary: Structure and development of publishing activity in Finnish forest
sciences in 1909—1978.

Saarilahti, M. 1982, Tutkimuksia radioaaltomenetelmien soveltuvuudesta turvemaiden kul-
kukelpoisuuden arvioimiseen. Summary: Studies on the possibilities of using radar techniques
in detecting the trafficability of peatlands.

Hari, P., Kellomaki, S., Makela, A_| llonen, P., Kanninen, M., Korpilahti, E. & Nygrén, M.
1982. Metsikon varhaiskehityksen dynamiikkaa. Summary: Dynamics of early development of
tree stand.

Turakka, A.. Luukkanen, O. & Bhumibhamon, S. 1982. Notes on Pinus kesiya and P. merkusii
and their natural regeneration in watershed areas of northern Thailand. Seloste: Havaintoja
mannyista (Pinus kesiya ja P. merkusu) ja mantyjen luontaisesta uudistumisesta Pohjois-
Thaimaan vedenjakaja-alueilla.

Nyyssonen, A. & Ojansuu, R. 1982, Metsikon puutavaralajirakenteen, arvon ja arvokasvun
arviointi. Summary: Assessment of timber assortments, value and value increment of tree
stands.

Simula, M. 1983. Productivity differentials in the Finnish forest industry. Seloste: Tuot-
tavuuden vaihtelu Suomen metsateollisuudessa.

Pohtila, E. & Pohjola, T. 1983. Lehvastoruiskutuksen ajoitus kasvukauden aikana. Summary:
The timing of foliage spraying during the growing season.

Kilkki, P. 1983. Sample trees in timber volume estimation. Seloste: Koepuut puuston
tilavuuden estimoinnissa.

Mikkonen, E. 1983. Erdiden matemaattisen ohjelmoinnin menetelmien kiyttoé puunkorjuun ja
kuljetuksen seki tehdaskasittelyn menetelmavalinnan apuvilineena. Abstract: The usefulness
of some techniques of the mathematical programming as a tool for the choice of timber
harvesting system.

Westman, C. J. 1983. Taimitarhamaiden fysikaalisia ja kemiallisia ominaisuuksia seka niiden
suhde orgaanisen aineen maaraan. Summary: Physical and physico-chemical properties of
forest tree nursery soils and their relation to the amount of organic matter.

Kauppi, P. 1984. Stress, strain, and injury: Scots pine transplants from lifting to acclimation
on the planting site. Tiivistelma: Metsanviljelytaimien vaurioituminen noston ja istutuksen
valilla.

Henttonen, H. 1984. The dependence of annual ring indices on some climatic factors. Seloste:
Vuosilustoindeksien riippuvuus ilmastotekijoista.

Smolander, H. 1984. Measurement of fluctuating irradiance in field studies of photosynthesis.
Seloste: Sateilyn vaihtelun mittaaminen fotosynteesin maastotutkimuksissa.

Pulkki, R. 1984. A spatial database — heuristic programming system for aiding decision-
making in long-distance transport of wood. Seloste: Sijaintitietokanta — heuristinen ohjelmoin-
tijarjestelma puutavaran kaukokuljetuksen paatoksenteossa.

Heliovaara, K. & Viisianen, R. 1984. Effects of modern forestry on northwestern European
forest invertebrates: A synthesis. Seloste: Nykyaikaisen metsankasittelyn vaikutukset
luoteiseurooppalaisen metsan selkiarangattomiin: Synteesi.

Suomen Metsitieteellinen Seura 75 vuotta. The Society of Forestry in Finland - 75 years.
1984.




KANNATTAJAJASENET — SUPPORTING MEMBERS

CENTRALSKOGSNAMNDEN SKOGSKULTUR

SUOMEN METSATEOLLISUUDEN KESKUSLIITTO

OSUUSKUNTA METSALIITTO
KESKUSOSUUSLITKE HANKKIJA
SUNILA OSAKEYHTIO

OY WILH. SCHAUMAN AB

OY KAUKAS AB

KEMIRA OY

G. A. SERLACHIUS OY
KYMI-STROMBERG OY
KESKUSMETSALAUTAKUNTA TAPIO
KOIVUKESKUS

A. AHLSTROM OSAKEYHTIO
TEOLLISUUDEN PUUYHDISTYS

OY TAMPELLA AB

JOUTSENO-PULP OSAKEYHTIO)
KAJAANI OY

KEMI OY

MAATALOUSTUOTTAJAIN KESKUSLIITTO
VAKUUTUSOSAKEYHTIO POHJOLA
VEITSILUOTO OSAKEYHTIO

OSUUSPANKKIEN KESKUSPANKKI OY
SUOMEN SAHANOMISTAJAYHDISTYS
OY HACKMAN AB

YHTYNEET PAPERITEHTAAT OSAKEYHTIO
RAUMA REPOLA OY

OY NOKIA AB, PUUNJALOSTUS
JAAKKO POYRY CONSULTING OY
KANSALLIS-OSAKE-PANKKI

SOTKA OY

THOMESTO OY

SAASTAMOINEN YHTYMA OY

OY KESKUSLABORATORIO
METSANJALOSTUSSAATIO

SUOMEN METSANHOITAJALIITTO
SUOMEN 4H-LIITTO

SUOMEN PUULEVYTEOLLISUUSLIITTO R.Y.

OULU OY

OY W. ROSENLEW AB

METSAMIESTEN SAATIO
SAASTOPANKKIEN KESKUS-OSAKE-PANKKI
ENSO-GUTZEIT OY

ISBN 951-651-065-5

Arvi A. Karisto Oy:n kirjapaino

Hameenlinna 1984




