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Abstract

We analysed the economics of hybrid aspen and silver birch which are both fast-growing deciduous trees recommended
for the establishment of plantations on abandoned agricultural lands in Northern Europe. If managed during one rotation
period the internal rate of return (IRR) of hybrid aspen plantations was 4.4-7.3% and the IRR of silver birch plantations
was 4.7-6.7%. The highest value of IRR of 8.1% was estimated for the two-rotation (26+26 years) hybrid aspen
management scenario in excellent site conditions. Higher IRR values were reached at excellent quality sites whereas
hybrid aspen was more sensitive to site quality. With land cost included in the analysis, 1.1-1.7% lower IRR values were
obtained compared to the case where land cost was excluded from the analysis, but the ranking of scenarios did not
change. The financial maturity ages of one-rotation scenarios corresponding to maximum expected IRR values were 26
or 34 years for hybrid aspen in excellent or good to moderate sites respectively, whereas the maturity age did not change
with the inclusion of land in the analysis. The maturity ages for different silver birch scenarios varied in the range of
34-45 years. The land expectation values (LEV) remained positive in case of 1-5% discount rates. In case of 3% discount
rate, LEVs of all scenarios were roughly comparable to the current median agricultural land price. We conclude that the
establishment of plantations with both studied hardwoods can be a profitable investment in Northern Europe and to
ensure greater profitability such plantations should be managed under shorter rotations than traditionally used for birch
and aspen forests in the region.

Key words: abandoned agricultural lands, afforestation, deciduous trees, forest economics, hybrid aspen, internal
rate of return, land expectation value, plantation forestry, short-rotation forestry, silver birch

Introduction

Silver birch (Betula pendula Roth.) and hybrid as-
pen (Populus tremula L. X P. tremuloides Michx.) plan-
tations have recently been established for the affores-
tation of abandoned agricultural lands in the Baltic
countries (Daugaviete et al. 2003, Vares et al. 2003, Lie-
pins 2007, Tullus et al. 2007, Kund et al. 2010) and in

Fennoscandia (Karlsson et al. 1997, Johansson 1999,
Beuker 2000, Yu et al. 2001, Rytter 2006). This has been
driven by the need to find alternative uses for large
abandoned agricultural areas that exist in the region (e.g.
Peterson and Aunap 1998) as well as by the steadily
increasing demand for industrial timber (FAOSTAT
2011). Silver birch is commercially the most important
deciduous tree species in the region (Vakkari 2009,
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Hynynen et al. 2010) and hybrid aspen is considered
to be the most promising tree for short-rotation forest-
ry in boreal areas (Weih 2004, Rytter 2006, Tullus et al.
2012). Since the 1980ies, the main aim of birch and as-
pen plantations has been the production of pulpwood
with the recent additional emphasis on offering a po-
tential resource for energy wood (Rytter 2006, Di Ful-
vio et al. 2011). The growth and yield dynamics in birch
and aspen plantations have been previously studied
(e.g. Johansson 1999, Johansson 2007, Rytter and Stener
2005), showing the very high mean annual volume in-
crement of hybrid aspen at a young age, reaching up
to 20 m® ha! yr'! during 25 years (Tullus et al. 2012),
while the respective value reaches about 10 m* ha™!' yr!
in the case of silver birch (Karlsson et al. 1997). How-
ever, birch timber is currently more highly valued in the
market than aspen timber and a certain amount of ex-
pensive veneer logs can be expected from fast-grow-
ing birch plantations in addition to pulpwood, saw logs
and energy wood, whereas only the latter three assort-
ments are usually marketed from aspen timber. In addi-
tion, aspen wood is lighter than birch wood; a specific
gravity of 350-370 kg m™ has been estimated for hy-
brid aspen (Herdjarvi and Junkkonen 2006, Tullus et al.
2012) and 419-650 kg m for silver birch, increasing with
stand age (Kasesalu 1965, Repola 2006, Johansson 2007)
in the region. This reduces the superiority of aspen over
birch in biomass productivity terms. Thus an econom-
ic comparison of hybrid aspen and silver birch planta-
tions is needed to provide not only theoretical knowl-
edge, but also practical recommendations for land own-
ers who aim to establish large-scale commercial planta-
tions with these hardwoods in the region. Previously
only a few studies have analysed economics of hybrid
aspen (Rytter et al. 2011) and silver birch (Niskanen
1999) plantations on abandoned agricultural lands.

In short-rotation plantation forestry, high biomass
productivity and economic profitability are given pri-
ority and harvest time usually coincides with the age
when the mean annual increment is the highest. Thus
much shorter rotation lengths are recommended for
plantation forests compared to traditional forestry with
the same species, where total production, outcome of
more expensive assortments and environmental con-
siderations determine the felling age. As plantation
forestry with aspens and birches is still quite a new
practice in Northern Europe, determination of felling
ages for plantations with these hardwoods is a scant-
ily studied topic.

The aim of the present study was to compare the
economics of conventional management systems that
are recommended for hybrid aspen and silver birch
plantations established for the afforestation of aban-
doned agricultural lands. We will clarify whether the

maximum profitability from hybrid aspen and silver
birch plantations could be expected earlier than the
commonly known maturity ages of European aspen and
silver birch stands. We will compare the economics of
plantations with both mentioned hardwoods growing
on excellent and on good to moderate sites. The pa-
per also outlines land expectation values at different
discount rates.

Materials and methods

Studied plantations and growth model

As long-term growth data from commercial hybrid
aspen and silver birch plantations on abandoned ag-
ricultural lands in the region are incomplete, growth
functions suggested for silver birch and European
aspen on forest land were used to predict the timber
volumes and their distribution into assortments at
harvests.

Empirical growth data from the oldest (12-year-old)
existing hybrid aspen (n = 15) and silver birch planta-
tions (» = 10) in Estonia were used as a starting point
for growth modeling (Table 1). Hybrid aspen plantations
were established with one-year-old micropropagated
plants belonging to 27 clones originally selected in Fin-
land; average planting density was 1,300 trees ha™' (Tul-
lus et al. 2007). Silver birch plantations were established
with one-year-old bare-rooted seedlings of local prov-
enance; planting density varied from 2,500 to 3,300 trees
ha! (Kund et al. 2010). Growth characteristics of all trees
were measured in 0.1 ha permanent sample plots in the
studied plantations.

Additionally we present the results for sites with
excellent (site group A) and good to moderate (group
B) fertility for the mentioned trees. Plantations were
grouped into fertility classes according to average
height of the trees at the age of 12 years (Tables 1
and 2). As we did not include plantations with poor
growth, the selection included fertile previous field
soils (Table 2) which are generally recommended for
hybrid aspen and silver birch in Estonia (Tullus et al.
2007, Kund et al. 2010). In all experimental plots, nu-
trient content in the A-horizon had previously been
analysed. Plantations of site group A were growing on
soils with higher P concentration and more favoura-
ble N:P ratio in the A-horizon (Table 2).

The previously published method by Padari et al.
(2003, 2009) was used for growth simulation and assort-
ment production assessment. The growth of height and
diameter of trees in stands was simulated year by year
using the difference models by Kiviste et al. (2006, 2009).

The simulation programs also determined the thin-
ning regime according to stand density and consist-
ent with the official norms by using the models by
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Table 1. Growth characteristics and estimated
yield (M) of 12-year-old hybrid aspen (HA)
and silver birch (SB) plantations, letters denote
statistically significant differences in group
means according to Fisher LSD test

Table 2. Soil type and chemical soil proper-
ties of the A-horizon in the studied hybrid
aspen (HA) and silver birch (SB) plantations
(data from Soo et al. 2009; Kund et al. 2010),
letters denote statistically significant differenc-
es in group means according to Fisher LSD test

290

Plantation ID? TreeA Site H,m DBH, cm ntrees ha' M, m® ha'
species  group
125/HHB49 HA A 16.5 12.6 1210 117
109/HHB18 HA A 15.9 13.2 1050 121
124/HHB47 HA A 15.9 14.1 930 109
116/HHB34 HA A 15.9 13.8 1010 114
122/HHB42 HA A 15.4 11.9 1030 84
104/HHB10 HA A 15.3 12.6 1330 131
102/HHB5 HA A 14.9 12.1 1280 103
Mean +S.E. (n=7): 159+02a 13.0+x03a 112057 b 109+5a
123/HHB43 HA B 14.7 12.2 1210 100
120/HHB40 HA B 14.7 11.8 1270 98
126/HHB50 HA B 14.0 10.8 1050 65
116/HHB32 HA B 13.3 12.0 1050 77
121/HHB41 HA B 12.8 12.7 850 67
123/HHB44 HA B 12.7 10.5 980 53
125/HHB48 HA B 12.1 10.8 1130 62
116/HHB35 HA B 11.8 10.3 790 39
Mean +S.E. (n = 8): 13.3104b 11.4+03b 1041 £59 b 70 £7 bc
409/LP21 SB A 12.7 11.5 1375 91
402/LP14 SB A 11.8 8.7 1960 70
405/LP17 SB A 11.5 9.2 2070 81
408/LP20 SB A 11.2 8.3 2870 90
410/LP22 SB A 10.9 7.7 2860 75
Mean +S.E. (n=5): 11.6+03c 9.1+x07c 2227 +286a 81x4b
406/LP18 SB B 10.7 8.4 2450 76
401/LP13 SB B 10.7 8.6 1340 44
407/LP19 SB B 10.6 8.8 1800 61
404/LP16 SB B 10.3 6.8 1780 35
403/LP15 SB B 9.7 8.1 1740 47
104+02d 8.1+04c 1822+178a 53x7c

Mean +S.E. (n=5):

* Identification number/experiment number according to NOLTFOX online

database  (http://noltfox.metla.fi)
i Soil A-horizon
Plantation ~ ee  Sit  ghiivhe (WRB) - ~
species  group N, mg kg P, mgkg N/P
125/HHB49° HA A Leptic Podzol 1550 291 5
109/HHB18 HA A Gleyic Planosol 1050 98 1"
124/HHB47 HA A Cambic Arenosol 1025 176 6
116/HHB34 HA A Mollic Planosol 1175 88 13
Cumuli-Cambic
122/HHB42 HA A Arenosol 725 72 10
104/HHB10 HA A Buried-gleyic soil 1300 105 12
102/HHB5 HA A Mollic Planosol 1000 186 5
Mean + S.E. (n=7): 1118+98  145+29ab 90:+13a
123/HHB43 HA B Gleyic Albeluvisol 1225 97 13
120/HHB40 HA B Gleyic Albeluvisol 2225 22 101
Gleyi-Mollic
126/HHB50 HA B Planosol 900 33 27
116/HHB32 HA B Mollic Planosol 975 145 7
121/HHB41  HA B Mollic Planosol 1475 60 24
123/HHB44  HA B Eutric Gleysol 1175 29 40
125/HHB48  HA B Mollic Planosol 1075 132 8
116/HHB35 HA B Mollic Gleysol 2850 39 73
Mean + S.E. (n=38): 1488 +244 70+ 17 bc 36.7+11.9b
409/LP21 SB A Dystric Gleysol 1250 185 8
Eutric 106
402/LP14 SB A Podzoluvisol 950 9
Glossic 36
405/LP17 SB A Podzoluvisol 1400 39
Calcaric 147
408/LP20 SB A Cambisol 1775 12
410/LP22 SB A Mollic Gleysol 2900 403 7
Mean + S.E. (n=5): 1655+338 169+ 62a 15.0+6.0 ab
406/LP18 SB B Dystric Gleysol 1125 27 42
401/LP13 SB B Calcaric Luvisol 1375 62 22
407/LP19 SB B Calcaric Luvisol 1650 30 55
404/LP16 SB B Dystric Planosol 1375 19 73
Eroded Calcaric 92
403/LP15 SB B Luvisol 1050 11
Mean + S.E. (n =5): 1315+106 46+ 14c 409+ 11.1b

@ Experimental area identification number according to Noltfox online
(http://noltfox.metla.fi)
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Korjus and Padari (Korjus and Padari 1994, Korjus
1999). The distribution of timber into assortments was
calculated with the following models and input param-
eters: 1) the model of diameter classes (Padari et al.
2009); 2) the height curve (Prodan 1965, Padari et al.
2009); 3) the taper curve equation (The Standard of
Forest Inventory... 1988, Ozolins 2002); 4) the bark
equation (Padari et al. 2009). The minimal top diame-
ter under the bark of the log was estimated as 28 cm
for birch veneer logs, 18 cm for aspen and birch logs,
7 cm for aspen pulpwood, 6 cm for birch pulpwood and
5 cm for firewood. The volume of the top was added
to the volume of branches. The volumes of branches
were estimated roughly as a specific percentage of the
volume of the stem — 12% in aspen and 8% in silver
birch (Krigul 1971). The calculated volumes of assort-
ments were corrected according to the percentage of
damages and defects (Padari et al. 2009). 50% of the
damaged wood of all assortments of the merchanta-
ble wood was classified as fuel wood. The rest of the
damaged wood was classified as pulpwood. After that,
the effect of crook was taken into account — 10% of
aspen and 25% of birch stems were classified either
as pulpwood or fuelwood (instead of logs).

Based on the literature we expected the rotation
period of hybrid aspen to be 20-30 years (Tullus et
al. 2012). The legitimate felling age of silver birch in
Estonia is 60-70 years (Metsa majandamise eeskiri
2010). Thus we analysed the economics of hybrid as-
pen plantations both during one rotation period, as
well as including the second rotation period. The sec-
ond generation arises vegetatively from root suckers
and does not include any establishment cost. Heavy
thinning of the second generation hybrid aspen stand
is needed 2—4 years after the clear-cut (Rytter 2006).
Besides that the management and development of the
second generation is assumed to resemble the first
(planted) generation (Table 3). The simulation period
was longer than the expected maturity ages of the
studied plantations in order to ensure that the deter-
mined financial maturity age would fall within the simu-
lated stand growth period.

Economic analysis

There is multitude of methodologies for conduct-
ing economic analysis of different plantation systems,
among which different profitability analysis and valu-
ation methods are most common. Gotze et al. (2008)
divide investment appraisal methods into the follow-
ing subgroups: static, discounted cash flow, and ad-
vanced. From the given division the most commonly
used methods for plantation system economic analy-
sis have been net present value (NPV) and internal rate
of return (IRR) (e.g. Gaffney 1957, Rose et al. 1988,

Table 3. Timing of management activities in plantations
growing on sites with excellent (A) and good-moderate (B)
fertility during one rotation period for birch and two rota-
tion periods (R1, R2) for aspen. The timing of thinnings is
based on the growth model prediction up to 60 years

Scenario/ year

Action Aspen  Aspen Arz Aspen
Ar1 Bri
Establishment, 1300 trees ha” 0 0 (vegetative 0

regeneration)

Aspen Bgry

0 (vegetative
regeneration)

Tending in the first year 1

Tending in the second year 2 - 2

Intensive thinning of the - 3 - 3

regenerating root sucker stand

1. thinning 16 16 19 19

2. thinning 26 26 26 26

3. thinning 33 33 34 34

4. thinning 42 42 44 44

5. thinning 54 54 57 57
Birch A Birch B

Establishment, 2500 trees ha” 0 0

Tending in the first year 1 1

Tending in the second year 2 2

Pruning 0-2 m, 200 treesha” 10 10

Pruning 2-4 m, 200 trees ha 15 15

1. thinning 14 17

2. thinning 19 23

3. thinning 26 31

4. thinning 35 51

5. thinning 51 -

Guo et al. 2006, Ying et al. 2010), or their modifications.
The NPV concept has been widely used, but it is not
suitable for the comparison of projects that demand a
different amount of initial investment. For the current
analysis, IRR methodology will be applied, expressed
as (Gotze et al. 2008):

3 (CIF,~COF)x(1+IRR) ™" =0, )

where CIF is cash inflow; COF cash outflow. The IRR
methodology has some deficiencies, of which the most
important is the assumption of a reinvestment rate
equaling IRR (e.g. Kierulff 2008). Still, in the current
study this is not problematic, as it is possible to rein-
vest cash inflows with IRR to the same projects, as
land for creating plantations is not constrained (i.e. it
is possible to reinvest in similar projects). Also the
research objective of the current paper does not de-
mand the usage of more complicated methodologies
than IRR. The results will be outlined for two cases,
where for the first land price is omitted from calcula-
tions and for the second it will be included in the
calculations. This helps to open the context of plan-
tation profitability for wider audience, as land prices
can vary a lot through countries. Also, the omission
of land price allows present practical implications for
investors who already own land. Results obtained with
IRR application can also be compared with returns from
other investment possibilities (e.g. shares, bonds or
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deposits). Another common tool for analyzing the
economics of plantations is land expectation value
(LEV) method (see e.g. Gong 1998), which as IRR al-
lows to understand whether the plantation manage-
ment can be profitable at all. LEV concept was already
applied by Faustmann (1849) and the basics of it have
not changed, although the method has been developed
to account for larger number of variables and criteria.
LEV is composed of the summed discounted cash flows
that plantation project creates, this way outlining the
maximum price that could be paid for the plantation
land. Unlike IRR, the LEV method also allows to cal-
culate the results which are easily comparable with
current land prices. LEV method will be applied with
different discount rate values in order to outline their
impact on the result.

The establishment and processing costs and tim-
ber prices (Table 4) that were used as input data for
IRR calculations were based on mean values from big
forest enterprises in Estonia in 2010 (the State Forest
Management Centre: http://www.rmk.ee/en and timber
market overview by the foundation Private Forest Cen-
tre: http://www.eramets.ee/). Land price is the arithme-
tic average of the median agricultural land sales prices
from 2006-2010 in Estonia, collected from Estonian Land
Board (http://www.maaamet.ee) price statistics database.
As a simplification, in the IRR calculation where land
purchase is considered, the sale of land with the same
price is accounted in the last period of analysis. As it
is difficult to forecast the precise changes in future
prices of land, timber and processing, price changes
have been not accounted in the current analysis.

Altogether six different management scenarios
were composed: 1) hybrid aspen plantations growing
on excellent sites during one rotation period (referred
to as Aspen A, ), 2) hybrid aspen plantations grow-

Table 4. Estab- ] ] EUR
lishment and pro- Expenseitems Unit per unit
cessing costs and  Land ha 797.05
road-side timber Silver birch seedling each 0.15

. Hybrid aspen clonal plant each 0.61
prices (net val-

. Plant protector each 0.21
ues, i.e. VAT Planting with protector each  0.08
(GST) excluded) Weed control with herbicide ha 42 .61

Site preparation ha 53.26
Tending ha 79.89
Pruning of 200 trees ha 117.17
Clearfelling m® 8.64
Thinning m’ 15.19
Chopping (energy wood) m’ 5.40
Revenuesources

Aspen log m’ 27.93
Aspen pulpwood m’ 25.56
Birch plywood m® 63.91
Birch log m’ 44 55
Birch pulpwood m’ 31.01
Energy wood* m® 26.36

* The price of one m? chopped wood was
multiplied by 2.5 to estimate the price of
one m?3 solid energy wood biomass

ing on good to moderate sites during one rotation
period (Aspen B, ), 3) hybrid aspen plantations grow-
ing on excellent sites during two rotation periods
(Aspen A,)), 4) hybrid aspen plantations growing on
good to moderate sites during two rotation periods
(Aspen B, ), 5) silver birch plantations growing on
excellent sites (Birch A), 6) silver birch plantations
growing on good-moderate sites (Birch B). For LEV
calculations two period solution is excluded from anal-
ysis, as it uses perpetual approach.

The first possible harvesting year for both tree
species is year 13 and analysis was run up to year 60
in one-rotation scenarios. For two-rotation scenarios
(Aspen A, snd Aspen B,,) in total 48 * 48 analyses
were run, as it is possible to make both the first and
the second cut on random year from 13 to 60. For each
scenario the potential financial maturity age was then
determined as the year of harvest when IRR has max-
imum value.

Results

Profitability of the analysed scenarios was directly
dependent on the prices of wood assortment obtained
from harvest. Based on the IRR analysis, the financial
maturity ages (harvest years providing the highest IRR)
were estimated for all scenarios (Table 5). In the case
of hybrid aspen the highest share of revenues at fi-
nancial maturity age was from logs (Aspen A, 49%
and Aspen B, 52%), followed by pulpwood and en-
ergywood. For silver birch the predominant revenue
source was pulpwood (Birch A 49% and Birch B 46%),
followed by logwood, and minor shares were from ply-
wood and energywood. However the share of plywood
surpasses other assortments after 50-60 years and
becomes the dominant revenue source.

The share of aspen timber assortments by sales
revenues was almost equal to the share of each as-
sortment by timber volume (Fig. 1). In the case of sil-
ver birch cheaper assortments (energy wood and pulp-
wood) constituted higher share by volume than by
revenues and more expensive assortments (logs and
veneer logs) exhibited the opposite trend (Fig. 1).

Based on IRR analyses, the hybrid aspen one-
rotation scenario on excellent sites had slightly bet-
ter results than silver birch, but in the case of good-
moderate fertility sites the results were the opposite
(Table 5). Such a trend was observed for both cases,
where land is included or excluded from the analysis.
The hybrid aspen two-rotations scenario on excellent
fertility sites produced better results than all other
viewed scenarios and in the case of moderate fertility
the two-rotations scenario outran all one-rotation sce-
narios for good-moderate fertility sites (Table 5). It can
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Figure 1. The share of assortments by sales revenue and
by volume in hybrid aspen and silver birch plantations dur-
ing the simulated growth period

be summed, that the plantation projects are profitable
for both cases, with and without land cost, and out-
run profitability of several instruments like deposit
accounts and government bonds.

IRR development of the analysed scenarios indi-
cated that after gaining its maximum value, the profit-
ability of hybrid aspen one-rotation scenarios starts

to decline and drops lower than that of silver birch
values (Fig. 2). IRR of birch scenarios and two-rota-
tions aspen scenarios remained more stable enabling
the potential harvest year to be varied without con-
siderable loss in profitability.
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Figure 2. IRR dynamics of silver birch and hybrid aspen
plantations

LEVs (Table 6) indicate that in case of 1% discount
rate the land had high value, especially in compari-
son to agricultural land price in Estonia during recent
years. In case of 3% discount rate LEV values did not
differ substantially from the current land prices, except

Table 5. Management scenarios providing the max-

Management
imum internal rate of return (IRR). Y — year since activity M ER M M ER M
. Scenario:  Birch A (IRR =6.7%) Birch A with land (IRR = 5.3%)
stand establishment, E-R — expenses-revenues (EUR Establishment 0 4201 - 0 1998 _
ha'), M — removed volume (m? ha"') of pulpwood Tending 1;2 -160 - 1;2 -160 -
Pruning 10; 15 -234 - 10; 15 -234 -
and logs + energywood (tops, branches and low- Thinning 14;19;26 2416 128+39 14;19;26 2416 128+39
1 1 Harvest 34 7334 237+33 35 8619 252+34
quahty tlmber)' Scenario: Birch B (IRR =5.8%) Birch B with land (IRR = 4.7%)
Establishment 0 -1201 - 0 -
Tending 1;2 -160 - 1;2 -160 -
Pruning 10; 15 -234 - 10; 15 -234 -
Thinning 17; 23; 31 2666 140+37 17; 23; 31 2666 140+37
Harvest 41 7949 248+33 45 10695 295+38
Scenario:  Aspen Ag; (IRR =7.3%) Aspen Ags with land (IRR = 5.7%)
Establishment 0 -1266 - 0 -2063 -
Tending 1;2 -160 - 1;2 -160 -
Thinning 16 691 63+17 16 691 63+17
Harvest 26 7336 371+67 26 8133 371+67
Scenario:  Aspen Arz (IRR=8.1%) Aspen Arz with land (IRR = 6.4%)
Establishment 0 -1266 - 0 -2063 -
Tending 1,2 -160 - 1;2 -160 -
Thinning 16; 29; 42 2282 126+104 16;29;42 2282 126+104
Harvest 26; 52 14672 742+134 26; 52 15469 742+134
Scenario:  Aspen Br1 (IRR = 5.7%) Aspen Brs with land (IRR = 4.4%)
Establishment 0 -1266 - 0 -2063 -
Tending 1,2 -160 - 1;2 -160 -
Thinning 19; 26 1851 141434 19; 26 1851 141+34
Harvest 34 5779 281+51 34 6576 281+51
Scenario: Aspen Brz (IRR = 6.6%) Aspen Brz with Tand (TRR =5.0%)
Establishment 0 -1266 - 0 -2063 -
Tending 1;2 -160 - 1;2 -160 -
Thinning 19; 26; 29; 2039 114+79 19; 26;29; 3160 198+96
45 45; 52
Harvest 26; 52 9314 458+96 26; 60 11233 510+99
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for aspen at excellent site scenario, which showed two
times higher LEV. In case of 5% discount rate LEVs
were still positive, but very small, thus the establish-
ment of plantation would not be reasonable and there
could be more profitable usages for such land. The
highest LEV values were always estimated for excel-
lent site aspen plantations, followed by birch planta-
tions in excellent sites. The ranking of scenarios for
good-moderate sites depended on the discount rate,
for small discount rate (1%) the LEV for birch being
better than for aspen.

Table 6. Results from the land expectation value (LEV) anal-
ysis (in EUR ha'') for three discount rates (r) and respec-
tive rotation periods (in brackets)

Scenario LEV (r=1%) LEV (r = 3%) LEV (r = 5%)
Birch A 14481 (44 years) 1448 (34 years) 199 (26 years)
Birch B 12562 (51 years) 990 (31 years) 79 (31 years)
Aspen Ar1 16355 (26 years) 2086 (26 years) 378 (26 years)
Aspen Bri1 10351 (34 years) 1000 (26 years) 72 (26 years)

Discussion and conclusions

In the current paper we analysed the economics
of silver birch and hybrid aspen, which are both re-
garded as promising hardwoods in Northern Europe
(Hynynen et al. 2010, Tullus et al. 2012), but which
have seldom been compared from the economic as-
pect. The study relied on Estonian prices, which gen-
erally reflect the timber market of the nearby region -
Fennoscandia and other Baltic states. In addition, there
is a clear convergence and trend of deepening inte-
gration also in the European wood market as a whole
(Hénninen et al. 2007).

The profitability of all compared hybrid aspen and
silver birch management scenarios was in the range
of 5.7-8.1% (Table 5) without land cost and 4.4-6.4%
with land cost respectively. Commonly the IRR of for-
estry investments in this region varies from 2-4% (Bru-
kas and Weber 2009), seldom over 7% (Kaimre 2002).
In Sweden an IRR of 10% (without land cost) was re-
ported for hybrid aspen plantations (Rytter et al. 2011),
which is roughly comparable with the best scenario
from our study. Thus short-rotation forestry with fast-
growing hardwoods could be a profitable alternative
to traditional high forestry with long rotation periods
in the Northern temperate climate of the hemiboreal
forest zone. At the same time the profitability of plan-
tation forestry systems could be much higher in south-
erly regions, e.g. an IRR of 13-23% has been reported
for eucalyptus plantations in South America (Cubbage
et al. 2007).

Our results (Fig. 2, Tables 5 and 6) indicated that
the most profitable scenario would be a hybrid aspen

plantation during two rotation periods on an excellent
fertility site (Aspen A, ) and, in the case where the
land-owner decides to manage the plantation during
only one rotation period, hybrid aspen on an excel-
lent fertility site (Aspen A, ) will also produce the
highest profitability. Profitability of silver birch plan-
tations was about 1% lower; thus there was no con-
siderable difference between the two hardwoods from
this perspective. However, maximum IRR was reached
7-8 years earlier in hybrid aspen plantations (Table 5).
During a longer period involving several rotations,
hybrid aspens should thus have an advantage over
birch due to successful vegetative regeneration via
root suckers (Rytter 2006). To establish a new silver
birch generation the preferred method is usually plant-
ing if the production of high-quality timber is the goal
(Hynynen et al. 2010). At the same time silver birch
regenerates naturally abundantly by seed; thus the
leaving of seed trees could be an economically rea-
sonable option for birch regeneration after the clear-
cut of the first planted generation. Alternatively plan-
tations can be split into smaller fields and harvested
not at once, but stepwise so that the remaining fields
are a source of seeds for harvested areas.

As the estimated IRR values are relatively similar
(Table 5), changes in the prices of wood assortments
can result in remarkable shifts in revenue sources, but
also in the ranking of scenarios measured according
to IRR. However, we did not perform sensitivity anal-
yses or robustness tests here, as the main emphasis
was on the comparison of the two hardwoods. As
expected, pulpwood constituted the highest share of
the timber yield in birch plantations at the financial
maturity stage (Fig. 1). Somewhat surprisingly the share
of logs exceeded the share of pulpwood in hybrid
aspen plantations that were aimed at pulpwood pro-
duction when established over a decade ago. This
means that landowners should consider the possibil-
ity to produce aspen logs from short-rotation hybrid
aspen plantations and apply necessary measures (prun-
ing of the best trees) during the rotation. The demand
and price of logs and plywood is predicted to remain
constant or to increase slightly in the region (Leskin-
en and Kangas 2001). In the case of pulpwood the
share of tropical hardwoods is probably going to rise,
and thus a decrease in Nordic pulpwood prices is ex-
pected (Leskinen and Kangas 2001). There is a clear
trend for the rise in demand and price of energy wood.
This is supported by the energy policy of European
Union, which obligates Member States to raise the
share of energy from renewable sources to 20% by
2020 (DIRECTIVE 2009/28/EC). Currently energy wood
prices have already reached almost the same level as
pulpwood prices. For example Di Fulvio et al. (2011)
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found that it is more profitable to sell all timber from
the commercial thinning of a birch stand as energy
wood even if some of it meets pulpwood dimensions.
Our analysis regarding the distribution of timber into
assortments was based on minimum dimensions and
current prices, which both increase in the following
order: energy wood d” pulpwood < logs < plywood
(Table 4). Obviously the share of assortments would
be different if the prices change. Theoretically the land
owner could sell the whole timber as energy wood at
the established financial maturity ages. Thus aspen
and birch plantations offer flexible marketing oppor-
tunities for land owners.

As expected, the rotation periods based on the
predicted financial maturity are rather short (Table 5).
For hybrid aspen this is in accordance with previous
estimations in Northern Europe (Tullus et al. 2012), but
for birches the traditional rotation period is over 50
years. This is grounded on both the expectation for
higher outcome of the most valuable assortment — ply-
wood - as well as on environmental considerations.
Solely from the economic point of view the rise in the
share of more expensive assortments at an older age
(Fig. 1) was not accompanied by a rise in profitability,
as the investment period becomes too long. At the
same time the IRR of scenario Birch A would change
by only -0.5% if the harvest takes place at the age of
60 years instead of the financial maturity age of 34
years. Thus land owners could delay with the harvest
of birch in the expectation of a more favourable mar-
ket situation. Such a ”buffer” is shorter for hybrid
aspen because the aspen growth function considered
the spread of trunk rot, which reduces the merchant-
able timber volume when aspen stands become older.
Thus a delay in the harvest of aspen plantation could
result in a faster decline in profitability.

Earlier studies have shown that the growth rate
of hybrid aspen and silver birch is considerably fast-
er on fertile soils (Tullus et al. 2007, 2010, Kund et al.
2010). Thus we did not analyse the profitability of
plantations growing on less fertile sites. The differ-
ence in IRR between excellent and good-moderate fer-
tility sites was -0.9% in birch plantations and -1.5%
to -1.6% in hybrid aspen plantations (Table 5). On one
hand this distinction is not great but on the other hand
it agrees with previous studies showing the high sen-
sitivity of hybrid aspen to site conditions and the more
stable growth of silver birch at various sites. Thus the
risk of losing in profitability with unsuccessful site
selection is lower when establishing a birch plantation.
It must also be considered that hybrid aspen is a half-
exotic species, and the potential negative impact on
the environment with large-scale establishment of
hybrid aspen plantations is higher than in the case of

planting endemic silver birch. A major threat for both
hardwoods is moose browsing, the occurrence of which
has been found to be four times higher in aspen dom-
inated stands than in birch dominated stands (Jalkanen
2001). Thus it is recommended to fence hardwood
plantations.

Land expectation values for birch and hybrid as-
pen plantation systems have rarely been reported in
Northern Europe. For silver birch plantations on aban-
doned agricultural lands Niskanen (1999) reported
LEVs of 1064-1104 EUR/ha (interest rate = 3%), which
is comparable to our results (Table 6). Similarly to IRR
results, LEV analysis showed slightly higher value of
hybrid aspen compared to silver birch, especially on
more fertile sites.

The current study relied on optimal management
of already existing plantations. Further studies should
clarify the impact of different plantation densities and
thinning regimes on economics of plantation forests
in the region.

Conclusions

» Establishment of forest plantations with fast-
growing hardwoods on abandoned agricultural lands
could be a profitable alternative forestry practice in
hemiboreal conditions.

* Both hybrid aspen and silver birch are promis-
ing hardwoods for establishing forest plantations in
the region and there is no clear reason to prefer one
over the other.

* On the basis of maximum expected IRR the po-
tential harvest time would be 26-34 years in hybrid
aspen and 34-45 years in silver birch plantations which
are considerably shorter rotation periods than prac-
ticed in traditional aspen and birch forests in North-
ern Europe.

* Hybrid aspen enables slightly higher profitability
within a shorter time than silver birch, and its new
generations arise vegetatively without further estab-
lishment costs. At the same time its growth is more
dependent on site fertility, it is more threatened by
moose browsing, and being half-exotic, its potential
negative impact on the environment could be higher
than in the case of endemic silver birch.

* Silver birch offers more versatile assortments and
an opportunity to delay with harvest without consid-
erable loss in profitability.

* Land expectation values of both species remain
positive with discount rates in the range of 1-5%, but
for the 5% discount rate the value is very small.
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3KOHOMWYECKHUE ACHEKTHI BBIPAIIIMBAHUS TUBPUIHOM OCHUHBI (POPULUS
TREMULA L. 4 P TREMULOIDES MICHX.) 1 BEJIOA BEPE3bI (BETULA PENDULA
ROTH.) HA 3ABPOIIEHHBIX CEJbCKOXO3AMCTBEHHBIX YIOAbSX SCTOHUN

A. Tyaaye, O. Jlykacon, A. Bapec, A. Ilagapu, P. Jyrrep, T. Tynaye, K. Kapoaec n X. Tyaayc
Pesrome

[IpoBeneH aHann3 SKOHOMHYECKHX ACIEKTOB BBIPALIMBAHUS TMOPUAHON OCHHBI U Oepe3bl 60poJaBYaTOM, SIBISIOIIMNXCS
OBICTPOPACTYIIUMH BUJAMH JIICTBEHHBIX MOPOJ M PEKOMEHIOBAHbBI JUIsl CO3/IaHUsS JICCOHACAKICHHUIA Ha 3a0POIICHHBIX
CEIIbCKOX035HCTBEHHBIX yrofbsix B cTpaHax CeepHoil EBpomsl. [lpu Jiecomonp30BaHnu ¢ OMHEM 000pOTOM pyOKHU
BHYTpeHHsIsI HopMma goxonHoctu (BH/I) nms mHacaxkneHuit ocuHbl coctaBisuia 4,4-7,3%, a mis HacaxaeHuit Gepessl — 4,7—
6,7%. HanbGonsmuii moxaszatens BH]L (8,1%) mporuosupyercst aist clieHapust HOCagKH THOPUIHONW OCHHBI B HICATbHBIX
YCIIOBUSIX C IByMsi obopotamu pyOku (26 + 26 ier). bonee Boicokue 3nHauenust BH]I HaOnronanuck B MecTax IMOCAIKH C
UACATbHBIME yclnoBUsMH, nprueM BHJ[ ocuHBI B Gonblield Mepe 3aBUCHT OT YCJIOBHH MecTooOHuTaHus. [Ipy BKIIOUYECHHH B
aHaJIM3 CTOMMOCTH 3eMJiiH nokaszarens BH/I camxkaercs na 1,1-1,7% 1o cpaBHEeHUIO €O ci1y4asiMu, B KOTOPbIX CTOUMOCTb 3€MJIU
B aHAJIM3€ HE YUUTHIBaJach. Bo3pacT (MHAHCOBOM CIETIOCTH OCHHBI, COOTBETCTBYIOIIUI MAaKCHMAaIbHOMY MTPOTHO3HPYEMOMY
nokazarento BHJI u mpu cuenapuu ¢ ogHEM 000pOTOM pyOKH cocTaBisin 26 jeT u 34 rona COOTBETCTBEHHO B HamOonee
IPUTOAHBIX U CPEAHUX IO Ka4eCTBY YCJIOBHIX MecToIpouspacTaHus. IIpu 3ToM BO3pacT ceiaocTH HE 3aBHCUT OT TOTO,
BKJIIOYAJIACh JIU B MPOBOJUMBINA aHAIM3 CTOUMOCTH 3eMJIM. BO3pacT cnenocTu mnpu pa3iuyHbIX CIEHApUSX BhIpAIMBAHUS
Oepesbl Haxoquiics B mpenenax ot 34 go 45 ner. Oxkungaemas croumocts 3emin (OC3) ocTaBanach MOJNOKHUTENBHAS PU
nmuckoHTupoBaHuu 1-5%. [Ipu muckontupoBanuu 3% OC3 nmis BceX CICHAPUEB SBISAETCS MPUMEPHO COMOCTABUMOHU ¢
TEKyILel cpemHel IEHOW CeNbCKOXO3SMCTBEHHBIX yroauid. Jlemaercs BBIBOA, YTO BHIpAIIMBAHHE OOCHX M3YYEHHBIX BHIOB
MOXET SBIATHCSA HpHGbIHbHOI;'I HHBeCTI/IL[I/IeI\/'I B YCJIOBHUAX CeBepHOI\/'I EBpOHbI, U IJ11 IMOBBINICHUA l'lpI/I6I)IHbHOCTI/I ciaenyer
UCTIOJIL30BaTh 00Jice KOPOTKUE 000OPOTHI PYOKH, YeM 3TO TPATUIIMOHHO MPHHSATO B JAHHOM PETHOHE.

KiroueBble ci1oBa: 336p0HI€HHLIC CEIIbCKOX03SHCTBCHHEIC yroaps, JIECOHACAXKACHUS, JIMCTBCHHBIC IEPCBLS, SdKOHOMUKA

JIECHOTO XO3SIHCTBA, THOPUIHASI OCHHA, BHYTPEHHSISI HOPMa TOXOIHOCTH, OJKHAaeMasi CTONMOCTD 3eMJIH, JIECOMIOCAIKH, JIECHOS
X035HICTBO ¢ KOPOTKHM 000poTOM pyOkH, Oepe3a GopomaBuaras.
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