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ABSTRACT

Kairki, T. 2000. Grey alder (Alnus incana) as a raw material for mechanical wood
processing in Finland. D. Sc. thesis. The Finnish Forest Research Institute,
Research Papers 764. 48 p. ISBN 951-40-1722-6, ISSN 0358-4283.

In the Savo-Karelia area, the attitudes of sawmillers towards using grey alder as
raw material were found to be positive. It was also determined in Study II, with
regard to tree species that 10 % of all furniture in Central European markets was
made of alder. This means that alder was the fourth most popular tree species for
furniture after pine, beech and spruce.

The construction of different quality models indicated that in grey alder
stands there is much unexplained variation. In the case of the tree height model,
tree diameter was the strongest explanatory variable. The model concerning height
to the lowest living branch showed similar results. In the case of the lowest dead
branch, only the height to the first living branch could be used as a predictor. In all
height models, the largest variation was the residual variation between trees in a
plot. The technical quality of grey alder logs and sawn timber varies considerably.
Grey alder stems have knots from the butt to the crown, and the length of the knot-
free section at the butt is short. The boundary between a dry-knot section and a
fresh-knot section is not as obvious as, for example, with softwoods.

There have not previously been volume tables for grey alder, so the
volume table for birch with bark was chosen as a point of comparison for the
whole tree-volume table. It was concluded that, for extreme sizes of grey alder
stems, the volume estimates for grey alder differ 10-11 % from the estimates
calculated with the volume tables of birch.

The theoretically calculated stumpage price for grey alder logs was 158
FIM/m3. This result is a computational price that is based on average estimates.
However, this price gives an indication of the price level suitable for grey alder
logs in Finland. It was also shown in the furniture manufacturing calculation that
the raw-material price for alder is not yet the limiting factor. The price limit for
good quality alder sawn timber could be 3 000 FIM/m3.

Keywords: Alnus incana, grading, value, quality classification, forest product
markets.

Author’s address: Finnish Forest Research Institute, Joensuu Research Station,
P.O. Box 68, 80101 Joensuu, Finland. Fax +358-13-251 4111, email
Timo.Karki @metla.fi.
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Esipuhe

Kiinnostukseni lepdn tutkimukseen alkoi vuosina 1993-94, kun kiersin puuta
jalostavien yrittdjien luona Savo-Karjalassa kerddmissd aineistoa pro gradu —
tyotdni varten. Talloin selvisi yrittdjien ilmeinen mielenkiinto harmaaleppiin
raaka-aineena, mutta keskusteluissa tuotiin usein ilmi esteet ndiden puulajien
kdyton kehittamiselle: sahauksen ja kuivauksen ongelmat, puun laadun
ennustettavuuden ongelmat sekd laatu- ja mittakriteerien puute. Lisdksi lepdn
markkinointia haluttiin kehittdd, silld yrittdjien tuntemuksien mukaan paikallisia
markkinoita oli, mutta mikd oli kdytt6 muualla, suuressa maailmassa ? Mihin
leppidd yleensa kiytetdédn ?

Télloin hahmottui mielessani kokonaisuus, jossa ldhdettéisiin esimerkiksi
huonekaluteollisuuden vaatimuksia hyviksikdyttden etenemdin kohti tuotannon
Haasteelliseksi tehtdvin teki viite siitd, ettd suomalaisista lepikoista ei ole muuhun
kéyttotarkoitukseen kuin hellapuuksi, useimpien mielestd ei siihenkdidn. Lisidksi
kuulin usein mielipiteitd, ettd leppd on kansainvilisestikin katsottuna “nolla”
puulaji, jolla ei ole arvoa taloudellisesti katsottuna muuallakaan maailmassa.

Niilld perusteilla ja ajatuksilla aloin aktiivisesti hakea syksylld 1995
rahoitusta tutkimukseni aloittamiseksi. Sain ty6honi henkistd seki ideallista tukea
professori Pertti Harstelalta, jota tahdon tidssd yhteydessd erityisesti kiittdd
luovasta sekd idearikkaasta ohjaustyosta tutkimuksen aikana. Liséksi tahdon kiittdd
professori Erkki Verkasaloa, joka on valaissut minulle lehtipuututkimuksen
metodologiaa sekd professori Matti Kirkkiistd, joka oli ideoimassa varsinkin
markkinatutkimusta. Edelld mainittujen lisdksi tahdon kiittdd niitd lukuisia
henkilGitd, jotka ovat edesauttaneet viitoskirjani syntymistd. Taloudellisesti
tyotani ovat tukeneet Joensuun yliopisto, Suomen Kulttuurirahasto, Suomen
Akatemia, Maa- ja metsdtalousministerio, Metsdmiesten S&idtic  sekd
Metsitieteellinen Seura. Rahoittajille parhaat kiitokset.

Joensuussa helmikuun kirkkaina talvipéivind vuonna 2000

Timo Karki
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1 INTRODUCTION

Improved use of grey alder has been under discussion in Finland for the past 10-15
years. Recently, there has been further interest in using grey alder as raw material
for the mechanical wood industry. The fact is that the potential of hardwoods will
increase in future; for example, Siitonen (1990) calculated that in 1999-2019 the
harvesting possibilities for hardwoods (excluding birch) will be doubled because
of the increased growth and volume of hardwoods. In these calculations the effects
of changes in silviculture (biodiversity and preferring hardwoods) are not
considered.

Although the matter has interested many people and institutions, the ,,case
of grey alder* has been little studied. In Finland, research on grey alder began in
the 19307s with a review of its utilization for mechanical processing as well as for
pulping and papermaking (Routala & Sihtola 1934). The fibre-morphological and
pulping characteristics of grey alder were studied by Bruun & Slungaard (1957)
and Alestalo & Hentola (1967). The results showed that, compared with other
Finnish tree species, grey alder is short-fibred. Compared with birch, sulphate
pulps of grey alder have a short beating time and good tension and bursting
strength, but poorer tearing strength. Other technical properties such as basic
density, proportion of bark and dry matter content of grey alder were studied by
Lehtonen et al. (1978), Mali (1980), Farmer (1981) and Bjorklund & Ferm (1982).
The wood of alder is homogeneous and easy to work, making it suitable for
various useful objects and many special purposes, e.g. making music instruments
(Salmi 1977 and Kirki 1997). The yield of grey alder has been studied by
Miettinen (1933) and Mikinen (1984). Saarsalmi et al. (1985, 1991, 1992) studied
the biomass production of grey alder in short rotations and found that growth of
young grey alder is better than that of pine, spruce, birch or aspen. However, the
growth of grey alder begins to slow down and the occurrence of decay increases at
the age of 25-30 years (Miettinen 1933, Tikka 1954, Ilvessalo & Ilvessalo 1975
and Vuokila 1977). The profitability of growing grey alder depends on its
suitability as a raw material for industry.

Even though the possibilities and markets for grey alder timber have been
studied so little, a literature review is presented in chapters 2.1 — 2.5 in order to
give an idea of the wood procurement, use, processing and markets of grey alder.
The wood procurement is reviewed by studying new possible trade forms, timber
exchange and terminal trade, use and processing by looking into the current state
of the use of alder timber in Finland and markets by clarifying the potential
markets for grey alder timber in Germany, which is the most important export
market for products of the Finnish mechanical forest industry.

Grey alder (Alnus incana) as a raw material for mechanical wood processing in Finland 7



2 WOOD PROCUREMENT, PROCESSING AND MARKETS FOR
GREY ALDER - A LITERATURE REVIEW

2.1 Alder in Finland

In Finland, grey alder is considered a special tree species and the timber of grey
alder as special timber. Both definitions are also used in this dissertation.
According to Kirki (1995), special tree species can be defined as species which
either grow outside their natural area of distribution or cover a small proportion of
the forest land / annual growth or are different in structure and character from the
main species growing in a particular area. Special timber is defined as timber that
has a particular end-use or dimensions or is little used.

Alder is distributed throughout Finland, with the exception of the
northeasternmost part of the country. There are two alder species, grey alder
(Alnus incana) and black alder (Alnus glutinosa). Grey alder can often be found in
eastern Finland on formerly cultivated land, to which grey alder as a rapidly
growing pioneer tree species has spread. The proportion of grey alder of the total
number of trees is considerable; but in terms of stand management, grey alder has
been cut down and the volume of grey alder compared to the number of stems is
marginal (Figures 2 and 3). Black alder grows mainly in southern Finland as
naturally regenerated and planted forests (Holmasen 1991) and is typically a
species for wet biotope-sites like shore forests, although grey alder prefers dryer
areas than black alder does. Alder species are known as tree species that improve
the quality of soil (Huss-Danell & Lundmark 1987).
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Figure 1. Natural area of distribution for grey alder in Europe (Holmaésen
1991).

Grey alder, which typically occurs in semiboreal and boreal forests, has
spread out further northward to the limit of forest growth than black alder has.
From Finland the area of distribution for grey alder continues to eastward the
forest zone of Russia, to the Caucasus Mountains, Siberia, the Kamtchatka
peninsula and Japan. From Finland southward, grey alder can be found in much
of Central Europe with the exception of Britain, Denmark, northern Germany,
Holland, Belgium, western France, the Pyrenean peninsula and the southern
part of the Balkan peninsula. Familiar forms of grey alder can also be found in
the northern part of North America. (Holmasen 1991)

The proportions of aspen, black alder and grey alder in terms of stem
number and volume in southern Finland (15 southest Forestry board districts)
are shown in Figures 2 and 3. In order to compare the proportions of different
potential special tree species in Finland, the proportions of aspen are also
shown. These figures are based on the results of the Eighth National Forest
Inventory (VMIS).

Grey alder (4lnus incana) as a raw material for mechanical wood processing in Finland 9
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Figure 2. Proportions of aspen, black alder and grey alder based on stem number
in southern Finland.

On the basis of stem number, the proportion of alder and aspen is greatest
in Itda-Hame (23.1 percent). The proportion of grey alder is largest in the forest
districts of Itd-Hame, South Savo, Itd-Savo, North Karelia and North Savo. On
average, in Southern Finland the proportion of grey alder according to stem num-
ber, is 9.6 percent. Black alder occurs in low proportions; in Aland, Helsinki and
Itd-Savo, however, the proportion is over 1 percent.
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Figure 3. Proportion of aspen, black alder and grey alder of the total tree volume
in southern Finland.

The proportion of aspen, grey and black alder calculated on the basis of tree vol-
ume is greatest in Aland (5.8 %) (Figure 3). The next three are quite equal, Iti-
Hime (4.5 %), North Savo (4.2 %) and Helsinki (4.2%). In the provinces of Aland
and Helsinki, the proportion of black alder is the greatest; in the other districts
aspen and grey alder dominate.

In conclusion, it can be said that the proportion of grey alder, determined
according to both stem number and basal area, is greatest on former burnt-over
areas in eastern Finland. When total volume is considered, the amount of grey
alder is spread out evenly throughout southern Finland.

2.2 Physical and mechanical properties of alder timber

There are three common alder species in the world, all of which are widely used in
mechanical wood processing. As mentioned previously, grey and black alder grow
in Finland, while red alder (Alnus rubra) is wide-spread in North America. Despite
the fact that there are three different species of alder, alder timber is commonly
sold as one species. In Table 1, the most important physical and mechanical
properties for mechanical wood processing of different alder species are
compared. Cherry is used as a comparison tree species, while alder is frequently
mentioned as substitute for cherry in furniture manufacturing (Grosser 1985 and
Kohonen 1997).

Grey alder (Alnus incana) as a raw material for mechanical wood processing in Finland 11



Table 1. Physical and mechanical properties of grey alder, black alder, red alder
and cherry (Hakkila 1970, Salmi 1977, Farmer 1981, Bjorklund & Ferm 1982,
Gronros et al. 1995 and Wagenfiihr 1996).

Characteristics Grey alder  Black alder Red alder  Cherry
Alnus incana Alnus glutinosa Alnus rubra Prunus serotina

Physical

properties

Density (kg/m?)

- oven-dry 361 490 430 530
- dry-air dry 430 530 460 580
- green 600 850 737 900
Shrinkage (%)

- longitudinal 0.35 0.35 - 0.2
- radial 4.5 4.0 4.0 4.0
- tangential 9.5 9.7 7.0 7.0
- volumetric 14.1 14.2 12.6 11.5
Mechanical

properties

Bending strength

(MPa/m?) 88.3 834 44.6 54.9
Compression

strength (MPa/m?) 44.1 39.2 20.3 243
Hardness

(HJ L, N/mm?) 43 43 20 29
Tensile strength

(MPa/m?) - - 2.6 39
Shearing

strength (MPa/m?) 4.9 4.4 5.3 7.7

When the physical properties of alder species are compared, grey alder is
the lightest of the three alder species, and shrinkage is also greatest in grey alder,
followed closely by black alder. On the other hand, the mechanical properties of
grey alder seem to be noticeably better than those for red alder. The mechanical
properties of black alder are virtually the same as for grey alder, and it is men-
tioned in some references that they behave equally in finishing (Salmi 1977, Mali
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1980 and Gronros 1995). The wood of grey alder is reddish white and slightly
lighter than that of black alder. Sapwood and heartwood are usually indistinguish-
able, as is also true for black alder. According to Mali (1980) and Gronros et al.
(1995), the behaviour of grey alder wood e.g. in drying, machining and finishing is
easy to control.

The wood of freshly felled black alder is reported to have a warm light
brown colour, which changes rapidly to deep bright orange. The colour of the
processed wood gradually fades to dull nut brown. The wood of black alder is
reported to dry well and fairly rapidly, and degradation during seasoning is mini-
mal. Bending strength and resistance to shock loads are reported to be low, and
stiffness is rated as very low. The timber of Alnus glutinosa is very difficult to
distinguish from that of Alnus incana (Laidlaw 1960 and Farmer 1981).

The heartwood of red alder, which is indistinct from the sapwood, is
whitish when freshly cut but upon exposure to light changes to reddish-brown. Red
alder has been described as “’pleasing” in appearance, with grain that is typically
straight and subdued. Although the colour has often been described as delicate, the
wood lacks any outstanding figure. The wood is reported to be easy to dry, and
seasons fairly rapidly with little degradation. Specially developed kiln schedules,
careful handling of logs and freshly milled sawn timber are reported to be essential
for obtaining and maintaining uniformity of colour during drying. Varying colora-
tion ranging from yellow to deep red, sometimes mottled, is caused by oxidation of
the extractives present in the wood. The bending strength of the species is consid-
ered to be medium, being much weaker than white oak or teak in air-dry condition
(about 12 percent moisture content). Red alder timber is not hard and can be
dented and marred easily. Therefore, it is not recommended for uses that require
strength. (Kline 1987, USDA 1987 and Niemiec et al. 1995)

2.3 Wood procurement of alder timber

Wood procurement of grey alder nowadays is mainly as standing sale, sale at de-
livered price or cash transaction. There has been an interest in developing new
business forums, like timber exchange and terminal trade, for trading of grey alder
timber. The first models for timber exchange have been provincial exchanges (run
by forest societies associations and the Finnish Forest Research Institute), so-
called information services, to which the person who wants to sell special timber
announces the timber for sale and from which the buyer can for a small fee buy
information about timber for sale. The trade and price are negotiated directly be-
tween seller and buyer. One new procurement possibility is wood procurement by
a forest service enterpriser, in which an independent enterpriser buys the wood
himself or sells timber directly to client and himself takes care of the logging and
transport.

The idea of a timber exchange is quite simple. The sellers and buyers in
stock give their offers to an exchange system through the internet where the trades
are made according to certain rules. In order to work properly, there must be
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enough sellers and buyers in the exchange. The problem in establishing a timber
exchange is that there are no recognized quality and dimension classifications that
could be used for special timber. It has also been unclear how to take into account
in the price the time of delivery and terms of payment. The level of logging and
transport costs has also been unclear. According to Kallio & Salo (1992), there are
two possible forms for timber exchange: automatic exchange and real-time ex-
change. The trades are decided in the automatic exchange according to bids that
have been announced by a certain time and the trades are then made immediately.
The real-time exchange works differently; these trades are made after the exchange
period so that all interested parties can make trades as if they were at an auction
(Kuula et al. 1992).

The partners in timber exchange can be forest owners, firms or even inde-
pendent forest-service enterprisers. Organisations that might run timber exchanges
could be, for example, stock exchanges, trading houses, service companies or
separate joint enterprises (Vepsdldinen & Kuula 1992). According to this idea,
individual sellers could transact business through different advisors (like forestry
associations).

Another new possibility for trading grey alder timber is terminal trade. The
typical problem in trading grey alder timber is that the quantities of timber for sale
are small. In this case, there is a need to collect the small amounts together many
times in order to obtain larger trade amounts if there are no suitable road-side
landings to which small amounts can be transported to wait for long-distance
transport. According to Siikaluoma (1991), terminal trade means sale at delivery in
which the timber quantities are measured and/or accepted at so-called “village
terminals”. Terminal sites could be areas that have no other particular use, like
former gravel pits. Terminal trade could also be practised at sawmills.

In terminal trade, timber is delivered from roadside landings to terminals
with tractors or lorries by timber sellers or buyers. This kind of trades are, ac-
cording to Siikaluoma, unprofitable unless the transport from forest to terminal is
short and the quantities very large. Investment in expensive forest equipment is
seen as a hindrance to profitability. On the other hand, Siikaluoma (1991) sees the
possibilities of terminal trade in trading special timber. Cost gains could be
reached in the first place in actual measuring and in changeovers from one stock to
another. This principle is well adapted to special timber measurement, while part
of the timber is rarely measured or can be measured with the measuring equipment
on a harvester (Makeld 1986).

Karki (1995) calculated the wood procurement costs for timber assort-
ments of grey alder with a spreadsheet calculation of Metsidteho (Oijala et al.
1994). The average wood procurement costs for grey alder logs were calculated to
be 99.85 FIM/m?3 and for grey alder pulpwood 142.76 FIM/m?3. The calculation was
made for a spruce thinning where grey alder timber was supposed to grow and be
harvested after 30 years (manual felling, transport and administrative costs in-
cluded). On average, the wood procurement costs from a thinning (logs and pulp-
wood) with manual felling and transport were 114,70 FIM/m3 (Oijala 1994), so the
wood procurement of grey alder logs was 15 FIM/m? cheaper and wood procure-

14 Kirki, T.



ment of grey alder pulpwood 43 FIM/m? more expensive than for thinnings on
average according to the example calculation. Kirki (1995) also calculated the
procurement costs in a situation where grey alder would grow as a pure stand for
final felling. In this case, the wood procurement costs were considerably smaller,
being then equivalent to birch.

2.4 Markets for alder timber

The use of alder (Alnus glutinosa and A. incana) has increased rapidly in the past
few years, among other things, in sauna-furnishing and manufacturing panels. Al-
der is also used in furniture, utility articles, ornaments and in the cellulose and
fibreboard industry (Salmi 1978a,b) In the furniture industry alder is much utilized
as a competitive alternative to walnut, cherry and mahogany (Grosser 1989). Grey
and black alder are used for the same type of end-products.

The amount of grey alder timber in the Finnish markets seems to be
limited (Table 2). The special trees used most in Finland are aspen, alder, larch
and curly birch. The amounts of other domestic hardwoods like oak are marginal.
At the same time, in 1993 35 000 m? of hardwood timber (excluding birch) was
imported to Finland. (Louna & Valkonen 1995).

Table 2. Use of domestic special timber in Finland in 1995. Use as firewood is
excluded. (Verkasalo 1993, Louna & Valkonen 1995, Kirki 1995, Hynynen &
Vihera-Aarnio 1999)

Tree species Used amount

Aspen Logs: 10 000 - 15 000 m?
Pulpwood: 150 000 — 200 000 m?

Alder Logs: 20 000 m?
Pulpwood: 30 000 m?

Curly birch Some hundred kilos

Larch 1 000 - 2 000 m?

Oak 100 m?

Mountain ash < 100 m?

Maple < 100 m3

Linden < 100 m?

Ash < 100 m?

Elm < 100 m?

Grey alder (Alnus incana) as a raw material for mechanical wood processing in Finland 15



It must be noted that the estimates of Louna & Valkonen (1995) for alder
were calculated by using data in which only the larger firms (over 20 employees)
were represented; from the smaller firms there was only a 10 % sample. This
indicates that the importance of smaller firms is underestimated. A more realistic
estimate for the use of grey alder in mechanical wood processing could be about
50 000 m? per year. This rough estimate is based on the supposition that most alder
timber is processed mechanically by small saw mills as a supplement to softwood
processing.

Alder is counted as one of the ,,trend tree species* in the German markets,
which are the most important export markets for the products of Finnish mechani-
cal forest industries. In German markets, the use of alder timber has increased
rapidly during the last five years. In these markets, some domestic grey and black
alder timber is also available, but most of the alder timber is imported from the
United States and eastern and southern Europe. Import of alder from eastern
Europe has increased significantly in the last few years. The import from these
countries is very competitive in price, and most of this timber is imported directly
to the processers, bypassing the timber importers (Kriftiger Anstieg ... 1998).
However, in this study the import of hardwoods to Germany is examined only
through import from the largest exporting country, the United States, because ac-
curate statistics on the import of alder from eastern and southern Europe are not
available. The import of hardwood timber to Germany from the United States,
divided into tree species and sortiments, in 1997 is presented in Table 3.

Table 3. Import of hardwood timber to Germany from the United States divided
into tree species and sortiments in 1997 (values in mill. FIM). (Handelsstrukturen
fiir ... 1998)

Tree Round Sawn Veneers Total Proportion
species timber timber (%)
Ash 11.34 11.34 15.99 38.67 3
Birch - 2.65 1.62 4.27 0
Cherry 69.71 6.37 63.99 140.07 12
Walnut - 1.13 - 1.13 0
(hickory

& pecan)

Maple 9.45 62.10 39.20 110.75 9
Red oak 5.02 3.35 59.51 67.88 6
Walnut 1.40 2.97 44.01 48.38 4
Red alder 0.97 335.88 - 336.85 28
White oak - 139.86 123.12 26298 22
Yellow poplar 1.35 6.59 - 7.94 1
Other 19.44 16.69 162.65 198.78 16
Total 118.68 588.93  510.09 1217.7 100
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When different hardwood species are considered, the proportion of im-
ported alder is greatest (28 %). After alder, the proportions of imported white oak
(22 %) and cherry (12 %) are next and the group ,,other species* makes up 16 % of
the import of hardwoods. It is interesting that alder imported from the United
States is almost all sawn timber while, e.g. for white oak, the proportion sawn tim-
ber / veneers is equal in value. Cherry is imported mostly as round timber and ve-
neers, but small amounts of sawn timber are also imported. It seems that cherry is
imported as unprocessed round timber and alder as slightly processed sawn timber;
there is a possibility that cherry is sawn or manufactured into veneer, whereas al-
der is used as sawn timber for furniture and veneered by slicing. Not all alder is
used for the furniture industry; it is also used for other end-products such as par-
quet. The import of hardwood timber from the United States to the countries of the
European Union in 1996 and 1997 is presented in Figure 4.

250

200

150

E1996
1997

1000 m?

100

Figure 4. Import of hardwood sawn timber to the countries of the European Uni-
on from the United States in 1996 and 1997. (Handelsstrukturen fiir ...
1998)
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According to Figure 4, the import of hardwood timber to the European
Union from the United States has increased in all countries from 1996 to 1997,
also to the group which comprises the other members of the European Union, in-
cluding Finland. In the case of Germany and Italy, the import has increased above
all due to the increased import of alder (Handelsstrukturen... 1998).

There are no statistics available concerning the price of alder sawn timber
per cubic meter imported to Germany from the United States, but a rough estimate
(EXW delivery conditions, ex works) can be calculated using the information in
Table 3 and Figure 4. From Table 3 we can see that of all hardwood sawn timber
the value of alder sawn timber imported to Germany from the States is 57 %, the
value of white oak 24 % and the value of maple 11 %. These three most important
species comprise 92 % (538 mill. FIM) of the whole value. The value of imported
hardwood sawn timber (588.93 mill. FIM) divided by the number of imported cu-
bic metres (170 000 m?) gives about 3 500 FIM / m?3. It can be said, according to
tree species, that the average price per cubic metre for oak and maple is higher
than that for alder. If we suppose that this is so, the average price per cubic metre
for imported alder sawn timber is about 3 000 FIM / m3. In 1996, the average price
per cubic metre for beech imported to Finland from Germany was 3 500 FIM / m3,
which can be used as a reference price for alder (AuBenhandel nach ... 1997).
Other interesting reference prices for sawn timber are the import prices for hard-
wood and softwood imports to Germany from Finland in 1996: spruce 990 FIM /
m3, pine 1 790 FIM / m? and birch 2 470 FIM / m3. The latter prices are delivered
at frontier (DAF) prices, so, to be able to compare the cubic prices with the other
before mentioned (Auflenhandel nach ... 1997), we have to add some hundred FIM
to the price of the alder sawn timber.

The value of hardwood veneers imported to the countries of the European
Union from the United States in 1996 and 1997 is presented in Figure 5.
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Figure 5. Value of hardwood veneers imported to the European Union from the
United States in 1996 and 1997. The values are in FIM according to
EXW conditions. (Kriftiger Anstieg ... 1998)

During 1996 and 1997, the import of veneers to Germany and Spain from
the United States increased slightly, but the import to the United Kingdom
decreased slightly. As seen in Table 3, according to value, the veneers are mainly
white oak and cherry; the proportion of imported alder veneers is marginal. The
prices for hardwood logs in German markets are presented in Figure 6.
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Figure 6. Hardwood log prices (B-quality) in the State Forests of Baden-
Wiirttemberg and Bayern 1990-98. (Jahresberichte der Baden-
Wiirttembergische und Bayerische Staatsforsten 1991-1998).

The price of alder, including both black and grey alder, has been increas-
ing slightly in the last seven years, and the price is fixed to about 600 FIM/m3. The
price of alder has followed that of beech very closely and was 20-30 % higher than
the price of birch.

2.5 Profitability of sawmilling and furniture manufacturing

No studies are available concerning the profitability of sawmilling and furniture
manufacturing from grey alder timber. There are, however, some studies which
can be used as a basis for calculating the value of grey alder for mechanical wood
processing (Chapter 5.4). Kuukka (1980), Lonnberg & Vesikallio (1980), Ryti
(1987), Heino (1988a, b) and Poyhonen (1991) investigated the profitability of
sawing and processing of softwoods. Kuukka (1980), Heino (1988a,b) and Poy-
honen (1991) studied the profitability of individual sawmills. Heino (1988a) came
to the conclusion that the smaller the sawmill capacity, the more profitable the
sawmill was. However, the range of annual production was as narrow as 40-50 000
m? to 100-110 000 m3. Moreover, the change in the natural distribution area of tree
species reduces the profitability of sawmilling. This is due to the rising costs of
wood procurement. Heino’s conclusion that the relationship between yield and
grade had no effect on profitability is also interesting. As a major conclusion, he
proposes some possible business strategies. One of them is a strategy where the
sawmill
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- specializes in special wares

- invests in marketing

- invests in developed controlling system

- invests in “flexible” equipment

- controls the manufacturing process from the forest to the markets.

The average cost structure of the Finnish sawmills in 1975-85 was also
presented by Heino (1988a). Of the total costs, the proportion of raw material was
68 %, labour 13 %, energy 3 %, maintenance 3 %, other variable costs 9 % and
capital costs 12 %. According to these figures, the average deficit was 7 %. It was
also found that the relative proportion of energy and maintenance from the total
costs increased as the capacity of the sawmill grew.

Heino (1988b) compared the profitability of sawmills and wood
processing. In his report he mentions that the accuracy of bookkeeping at sawmills,
if any, is poor. The raw material costs were 50-70 % (average 58 %) of the total
costs at the sawmill. The productivity of capital was poor, even negative at
sawmills, whereas the profit rate was 3.1% at the further processing mills. As a
conclusion, there was a need to specialize in a particular product. Accordingly, no
mill needs to make all types of products, but sawmillers should invest in individual
sawing strategy, taking into account the raw material resources of the area, the
competition and the market conditions.
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3 AIM OF THE STUDY

According to the literature reviewed, mechanical processing of grey alder has been
studied very little. No studies are available, e.g. on the timber quality and stem
volumes of grey alder. The main aim of this dissertation was to investigate the
suitability of grey alder for mechanical wood processing in Finland. The aim di-
vides into following subaims:

i) evaluating the markets for grey alder in Finland and Germany

ii)  evaluating the tree and saw log quality of natural born grey alder forests in
Finland

iii)  calculating the volume and quality functions for grey alder logs

iv)  calculating the processing value for grey alder timber based on the articles
presented in this dissertation
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4 MATERIAL AND METHODS

The materials and methods of the various studies (I — V) are presented in more
detail in each article. Therefore in this chapter the material and methods are out-
lined only generally. Four different sets of data were used in this study. In Study I,
the empirical material was collected with a postal inquiry from firms that
processed wood mechanically in the Savo-Karelia area. In Study II, the method
used was an advertisement study. The material in that study consists of
advertisements collected in southern Germany in the economic area of Munich.
The data were collected from advertisements published in provincial and local
newspapers and from the advertisements of furniture stores. Both of these first
studies are descriptive, partly social research that charts the situation in practise.

The materials in Studies III and V included 33 stands situated in the
provinces of Northern Karelia and Northern Savo in eastern Finland. The stands
were naturally regenerated, but at least part of them were managed. The material is
measured data and thus differs considerably from the material in Studies I and II.
The research material in Study IV comprised 229 grey alder saw logs from two
pure stands of grey alder, both situated in Northern Savo, one in Maaninka and the
other in Nilsid. The trees were selected randomly, with the only limitation being
that the logs had to be sawable (stem form).

The methods used and reported in different articles are quite heterogene-
ous. The methods used and their influence on calculation of the processing value
are shown in Table 4.
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Table 4. Methods used in the articles and the relevance for the calculation of the
processing value.

Article Method Used in the calculation

Article I
Principal component analysis E
Cross-tabulation

Article I
Cross-tabulation Price level for the end
products
Article III
Weibull distribution, maximum Simulation of the example
likelihood estimation forest
Regression analysis
Logistic regression analysis
Cross-tabulation
Article IV
Regression analysis Sawn timber yield, grade
Cross-tabulation distribution of saw logs and
sawn timber
Article V
Regression analysis Simulation of the example
Cross-tabulation forest

Different types of regression analysis were used in three articles. Cross
tabulation was used in all five articles, and it was the only method in Article II. In
Article II, a Chi-Square Test was also attempted, but no significant differences
were found. Thus, the test was omitted from the article. The main ideas of diffe-
rent methods, like principal component analysis and regression analysis, are clari-
fied in each article, so the different methods are not presented in detail here.

Article I was the beginning of for the whole dissertation. It was found in
Study [, that grey alder was the most interesting special tree species and should be
investigated as a raw material for mechanical wood processing. The reason for this
variable group of articles that includes aspects of marketing research, forest men-
suration and wood technology is that there were no real studies that could be used
as a basis for calculation of the processing value. Volume models were lacking, as
well as information about the saw log and sawn timber quality of grey alder.

The possible processing value for grey alder timber is estimated with a
theoretical calculation (Chapter 5.4). The information from Articles II, III, IV and
V is used in different stages of the calculation as follows:

1. The structure of the example forest was calculated by using the diameter dis-
tribution, height and volume models from Articles IIl and V.
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The quality criteria and volume tables from Articles IV and V were used in

estimating the saw log and industrial tree volumes.

3. The costs of logging and transport were calculated using the information pre-
sented by Oijala (1994), Huotari (1995) and Kaérki (1995).

4. The grades and values of the logs / sawn timber were estimated using the
information in Article IV.

5. The costs of sawmilling were calculated based on Heino (1988a) and Pdy-
honen (1991).

6. The costs of furniture manufacturing were calculated based on Lahti (1991),
Aravuo (1994), Juva & Ahtorinne (1995) and Huonekalujen valmistus (1996).

7. The log stumpage prices and sawn timber prices were calculated according to

the information given above. Saw log and sawn timber prices were compared

with the statistics reviewed here and in other studies.

5 RESULTS

5.1 Markets for alder timber (|, II)

In Study I, the current quality and dimension criteria for grey alder used by the
sawmillers in eastern Finland and the current state of the use of grey alder was
investigated. The sawmillers limited the minimum top-diameter criteria for grey
alder logs to 13 cm, but they also wanted to use smaller dimensioned grey alder
logs if the stem form was suitable for sawmilling (Table 6; I). The minimum length
for grey alder logs was set at 2.5 m (Table 7; I). A little decay was allowed, and
sound knots were accepted by half of the sawmillers.

In the Savo-Karelia area, the attitudes of the sawmillers towards using
grey alder as a raw material were found to be positive. The tree species of the
greatest interest was grey alder. According to Study I, the interest in mechanical
processing of special timber is strong; 70 % of the responding companies were
interested in extending their wood processing to special tree species. The wood
used by the companies studied was obtained as their own procurement or directly
from forest owners. The sawmillers wanted to develop wood procurement on this
basis also in future. Of the sawmillers (12 %), were interested in developing their
wood procurement through timber exchange and 28 % through any system that
would work effectively.

A principal component analysis was also made in order to study factors
affecting the willingness of the enterprisers to use grey alder as a raw material for
mechanical wood processing (Table 9; I). Five factors were built in analysis, of
which one describes the behaviour of the whole population of sawmillers studied
and four of which can be described as new production possibility, wood procure-
ment, markets and development projects. Part of the enterprisers thought that mec-
hanical processing of grey alder is a new production possibility. This could mean
that processing grey alder was considered to be a balancer and diversifier of the
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production as the economic trends vary. Wood procurement of grey alder was con-
sidered to be a problem when mechanical processing of grey alder was started or
increased. The reasons for this are uncertainty about suitable quality and
dimension criteria and the unstable level of the stumpage price for grey alder. An
important component in the analysis was markets for grey alder timber. According
to the questionnaire results, customers had ordered alder or aspen timber from
every third enterpriser and some of them could not meet the demand. The fourth
component in the principal component analysis was development projects, which
indicates that enterprisers are interested in and also need training, counselling and
consultation concerning grey alder.

The aim of the Study II was to investigate the furniture markets in Central
Europe as a case study, focusing on the economic area of Munich, to determine
how these markets are divided according to tree species, furniture type and
argumentation used in furniture marketing, i.e. how the products are sold. A
further aim was to ascertain how much alder timber is used in the furniture
business. According to the results of this study, 10 % of all wooden furniture was
made of alder. This means that alder was the fourth most popular tree species after
pine, beech and spruce (Table 2; II). The proportion of alder furniture was even
higher (15 %) for plate-structured furniture, 10 % for partly solid-structured
furniture and 5 % for solid-structured furniture. Softwood furniture from pine and
spruce was sold as solid-structured (Table 5; II). In plate-structured furniture, in
particular, the proportions of these species were marginal. All tropical hardwood
furniture of teak, mahogany and acacia was solid-structured. Alder and oak made
up equal proportions of every structural type of furniture (solid-structured, partly
solid- and plate-structured), but beech furniture was mostly plate-structured and
only occasionally solid-structured. On the whole, oak furniture was the most
expensive, with alder following as a close second. Furniture from beech was
noticeably less expensive when used as partly solid but significantly more
expensive as plate-structured. Pine and spruce furniture was the least expensive
when it was solid and partly solid-structured. Plate-structured maple and beech
furniture was considerably more expensive than that made from alder or oak.

5.2 Tree and log quality of grey alder (lll, IV)

In Study III, different models were constructed for tree and stand characteristics of
grey alder. These models included models for diameter distribution, tree height,
height to the first living and dead branches, taper curve and occurrence of rot. The
models constructed can be applied in two different situations: tree diameters are
either measured or not.

Parameter models of fitted basal area diameter distributions of the Weibull
distributions are presented in Table 4 (III). Median diameter was used as
explanatory variable for both parameters. Constructed models are very simple
including only one explanatory variable. The degree of determination is high for
parameter b but quite low in the case of parameter c. This result is similar to some
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previous studies concerning Weibull distribution (e.g. Rennolls et al. 1985,
Maltamo 1997).

The predicted diameter distributions using parameter models (Table 4; IV)
were validated using 7 -statistics. The validation indicated that in only in 1 of the
33 cases the predicted and true distributions disagreed.

In the tree height model, tree diameter was also the strongest explanatory
variable (Table 5; IIT). The model concerning height to the lowest living branch
showed similar results (Table 6; III). Stand and tree diameter and especially
different height characteristics were used in this model. In the case of the lowest
dead branch, only height to the first living branch could be used as a predictor
(Table 6). This means that the applicability of this model is restricted to situations
were some additional measurements in addition to normal stand mean
characteristics are made. In all height models, the largest variation was the residual
variation among trees in a plot. This is natural because sample trees represent
different, and also extreme, positions in diameter distribution. The residual
variation between stands was large for models for tree height and the lowest dead
branch but in the case of height to the first living branch it was minimal

A taper polynomial was calculated using over bark diameters measured at
relative heights. This was done after visual analysis of stem form, in which the
data were sorted into one centimetre diameter classes, and average taper curves
were calculated for each diameter class using the relative diameters at relative
heights. The hypothetical assumption that relative diameters at relative heights -
i.e. relative stem form - do not change much, was verified.

In most cases, when the taper curve approach is polynomial, a polynomial
function has been based on the Fibonacci series (e.g. Laasasenaho 1982). In this
study the combination of lower polynomial terms with one logarithmic term gave
the best results. For grey alder, the polynomial taper curve function is presented in
Equation 5 (III) and the parameter estimates and statistics for the taper polynomial
are presented in Table 7 (III).

The basic taper polynomial (Equation 5; III) gives the same average stem
form for all trees of different sizes. However, each tree has its own shape. Because
there are certain regularities in the diameter differences at relative tree heights
(Laasasenaho 1982), an adjusted basic model for a given tree can be generated as a
function of the diameter at breast height and the total height of the tree (f(d,h)).

Differences between observed diameters and the basic taper polynomial
(fb(x)) were calculated; and correction equations (cpli) were estimated for
diameter differences at relative tree heights of 10, 40 and 70 % (Table 8; III). After
the correction equations are applied, a cubic interpolation polynomial (Press et al.
1992; p. 114) can be calculated to pass through the calibration points. One extra
point is needed for the tree top at relative height of 100 %, where the correction is
0. The final adjustment of the taper polynomial (fc(x)) is achieved by adding the
corresponding coefficients of basic taper equation and interpolation polynomial
(fr(x)) together: f.(x) = fi(x) + fi(x). The reliability of the taper polynomial as a
volume predictor was tested in Study V.

The proportion of trees with rot at stump height seemed to vary irregularly
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as a function of age (Figure 2; III). The proportion of rot has its minimum value
among the age classes of 30-50 years. A more unexpected result was that rot was
more common in young age classes than in older ones. This could be a
consequence of the regeneration in grey alder stands, because grey alder forests
usually regenerate by sprouting from older trees. If the older trees are rotten, this
means that some of the younger sprouts will also rot. In older age classes (over 50
years), the proportion of rotten trees increases as a function of rotation time.

The very smallest trees seemed to be healthy (diameter class 4 cm), but
already in diameter class 6 cm the proportion of rotten trees was 50 % (Figure 3;
III). Evidently, just at the beginning the proportion of rotten sprouts is small but
later the amount of rot increases, e.g. as a consequence of harvesting damage
(Norokorpi 1979).

The distribution of stands according to proportion of rotten sample trees in
the stand is presented in Table 9 (IIT). Almost half of the stands had rot in less than
20 % of the sample trees. On the contrary, 10 % of the stands had rot in almost all
sample trees.

By using the data collected, logistic regression models were constructed
for predicting the probability of rot in stems. Explanatory variables were sought by
calculating correlations between variables describing rot and other tree
characteristics. Two models were constructed; the first (i=1) was made for
predicting the probability of rot at stump height and the second (i=2) for predicting
the probability of rot anywhere in a stem. The logistic model for calculating the
occurrence of rot in grey alder stems is presented in Formula 3 (III) and the
coefficients of Equations y, and y, are presented in Table 10 (III).

It can be deduced from the form of Formula 3 that the larger the value of
the exponent the greater is the probability of rot in an individual tree. Considering
the effects of the variables in Equation yl, the thicker the bark the greater is the
probability that the tree has rot. The height of the lowest dead branch was also an
indicator of rot; the higher the lowest dead branches are the smaller is the
probability of rot. As was also seen in Figure 2 (III), the probability of rot
decreases as age increases. In the case of Equation y,, the effect of bark is similar
to the previous case, but the effect of height of the lowest dead branch is opposite.

To be able to predict the length of rot in alder stems, two linear regression
models were constructed (Table 11; III). The first was made for cases where the
rot diamete