Original scientific paper

Economic Consequences of Different
Management Approaches to Even-Aged

Silver Fir Forests

Karlo Beljan, Stjepan Posavec, Jura Cavlovi¢, Krunoslav Teslak, Thomas Knoke

Abstract

Economic analysis of even-aged fir stand management was illustrated using the example of the
forests of the Croatian Dinaric region, as well as their transformation into more stable uneven-
aged structures. Two scenarios (even-aged, uneven-aged) were simulated against the backdrop
of the existing forest stand structure of future forest stand management during a 140-year
period using forest growth modeling software MOSES version 3.0 in order to identify eco-
nomic differences amongst different scenarios both at stand level and at forest level. The re-
search included forest management analysis throughout the transformation period and subse-
quently the continuation of balanced state forest management. Moreover, the research also
provided the opportunity of forest purchase within the price range from 1000 to 12,500 EUR/ha,
amid assumed fluctuation of selling prices of timber assortments throughout the simulation
period. Discount rates from 1% to 5% were used during the economic analysis. The research
findings showed that, according to harvesting costs, Net Present Value and Internal Rate of
Return, uneven-aged forest management system, including the transformation period, achieved
superior economic results, albeit at discount rates that exceeded 1.24%. The conclusion was
reached that, according to all economic criteria, uneven-aged mixed silver fir-beech manage-

ment system is preferred compared with the pure even-aged silver fir management.
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1. Introduction

Silver fir (Abies alba Mill.) in the Dinaric region pri-
marily includes Slovenia, Croatia and Bosnia and Her-
zegovina, as well as to a lesser extent Albania, Monte-
negro and Serbia (Boncina 2011). The notion of
uneven-aged management in Croatia normally refers
to silver fir (Matic¢ et al. 1996). This management system
is normally adopted in fir-dominated Dinaric mountain
forests (Boncina 2011). During the last several decades
such forests have been characterised by processes of
growing stock of large trees, difficulties in regeneration
and gradual silver fir dieback, which were recorded in
Croatia (Cavlovié et al. 2006, Teslak et al. 2016), Bosnia
and Herzegovina (Keren et al. 2014), Slovenia (Boncina
et al. 2002, Ficko et al. 2011) and other Central Euro-
pean countries.

Silver fir forests in Croatia account for 12% in the
total forest area (Cavlovic 2010), in which uneven-aged

management is dominant (Cavlovié et al. 2006). Several
types of them are present depending on the soil type,
altitude, bioclimatic zone and consequently the plant
community. In Croatia, pure even-aged forest stands
are to be found only in several localities of silver fir
forests in the Pannonian and Dinaric regions. The previ-
ously mentioned forests within the Pannonian Region
are to be found in the western part of Papuk mountain
(éafar and Hajdin 1954, Bozi¢ et al. 2011), whereas in the
Dinaric region they are located in the lower parts of
Velebit and Mala Kapela mountain by the rivers of
Gacka and Lika (Vukeli¢ 2000). It is important to high-
light that their origin has thus far remained unknown,
yet it can be assumed that they were formed through
artificial regeneration. Rare cases of successful even-
aged silver fir forest management, i.e. in the Italian
Alps, have been recorded to date (Bottalico et al. 2014).

During the past 100-odd years, several silver fir for-
est management systems were adopted in the Dinaric
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Mountain Region, from even-aged to uneven-aged and
plenter (or selection) systems and »freestyle forest«
management (Boncina 2011). There are both advan-
tages and disadvantages to even-aged and uneven-aged
management systems, yet the general trend in forestry,
both in Europe and throughout the world, is to empha-
sise the advantages of the management system referred
to as natural or close-to-nature forest management sys-
tem (McMahon 1999, O’Hara 2001, Macdonald et al.
2010, Davies and Kerr 2011, Knoke 2012). Uneven-aged
forest management system is considered as a close-to-
nature forest management system due to its features of
maintenance of continuous cover stands (Franklin
1989, Mlinsek 1996, Koch and Skovsgaard 1999) pri-
marily for shade tolerant species, yet this is true only
in case of observation of small size stands.

There are multiple justifications for the transforma-
tion of even-aged coniferous stands into uneven-aged
or selection i.e. plenter forests (Hanewinkel 2001). In
addition to higher silvicultural and management pos-
sibilities (Kenk and Guehne 2001, Malcolm et al. 2001,
Schiitz 2001, Remes 2006, Bozi¢ et al. 2011), as well as
economic potential of uneven-aged forests (Knoke and
Plusczyk 2001, Hanewinkel 2002, Price 2002), there is
an increasing need for transformation due to a large
number of the demands placed by the society upon
forests (Salim and Ullsten 1999, Buongiorno 2001,
O’Hara 2001). In the context of changing importance
of forests and the demands placed upon forests, forest
management systems with a rising number of features
of adaptability and dynamism are becoming increas-
ingly prominent, whilst the rigid pre-defined frame-
work over a long period is slowly being abandoned.

Forest management system transformation is con-
sidered an immense turning point, which is also evi-
dent in economic consequences (Davies and Kerr
2015), and hence the only task of forest economics is
to analyse forest management transformation pro-
cesses. Hanewinkel (2002) stated that this type of
analysis can be conducted only in silver fir or spruce
forests, due to the fact that in such forests both forest
management systems can be applied. The same author
analyses the European references which, whilst com-
paring even and uneven-aged management of spruce-
fir forests, from an economic standpoint clearly gives
precedence to uneven-aged management system,
whereas the even-aged forest management system is
considered more adequate only in rare cases. This is
due to a large quantity of valuable logs, a smaller risk
of natural disasters, smaller forest management costs
(Hanewinkel 2002), as well as regeneration, which is
cost free in case of natural uneven-aged forest manage-
ment (Navarro 2003, Davies and Kerr 2015).

It is a fact that, upon transformation of artificially
grown forests, regeneration costs play an important
role concerning the economic effects (Davies and Kerr
2015). Knoke and Plusczyk (2001) compared even-
aged and uneven-aged forest management (including
the transformation) of spruce stands. The uneven-
aged forest transformation process in the previously
described case (Knoke and Plusczyk 2001) provides a
smaller amount of financial revenue, albeit it is a con-
stant financial revenue, as well as a higher NPV. A
similar conclusion was also reached by Pukkala et al.
(2010) on spruce stands in Finland. However, transfor-
mation into uneven-aged forests is not always the best
scenario from an economic standpoint and the spe-
cific situation needs to be considered (volume, incre-
ment, regeneration, intensity of previous forest gap
dynamics, etc.) and cost-effectiveness needs to be ana-
lysed (Price 2012).

In cases of balanced even or uneven-aged stands,
the transformation is never recommended from an
economic standpoint (Price 2012) and the same applies
to cases in which the age of even-aged stands is close
to financial maturity (Knoke 2012). Moreover, silvicul-
tural treatments of transformation and discount rates
can affect the economic result in such proportions that
a specific management system is more adequate or less
favourable in relation to another, as was shown by, for
instance, Price (2002). According to Hanewinkel
(2001), the most economically cost-effective is trans-
formation through cutting in circular gaps and the
gradual expansion of these gaps, whilst Price and
Price (2006) showed the cutting of the biggest trees in
the stand as more advantageous. Macdonald et al.
(2010) concluded that transformation of coniferous
forests through clearcutting in circular gaps initiates
the creation of side branches that reduce the financial
value of timber assortments.

Even-aged silver fir forests in the Dinaric region in
Croatia are considered specific in relation to the dom-
inant approach of a combination of single stem and
group selection silvicultural systems. An additional
feature of such forests is unbalanced age-class struc-
ture with prevalent rate of mature (100-year) stands,
which results in decision-making dilemmas concern-
ing the future forest management. Starting from the
previously mentioned facts and the above-mentioned
published research studies, economic analysis can be
conducted through application of even-aged forest
management and transformation of even-aged to un-
even-aged management, which was considered an
interesting and significant research task. Hence, two
research hypotheses were formulated:
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Table 1 Structural elements of the sampled stand (source: Beljan 2015)

Silver fir Common beech Other hardwoods D)
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10.0-19.9 66 1.21 7.58 9 0.13 0.81 2 0.02 0.15 77 1.36 8.54
20.0-29.9 56 2.88 31.16 2 0.08 0.92 2 0.07 0.62 60 3.03 32.70
30.0-39.9 78 7.78 104.11 1 0.05 0.63 1 0.04 0.37 80 1.87 105.11
40.0-49.9 93 14.70 213.47 1 0.07 1.09 1 0.10 1.44 95 14.87 216.00
50.0-59.9 52 11.92 179.13 - - - - - - 52 11.92 179.13
60.0-69.9 1 3.52 52.98 - - - - - - " 3.52 52.98
70.0-79.9 2 0.52 7.94 - - - - - - 2 0.52 7.94
) 358 42.53 596.37 13 0.33 3.45 6 0.23 2.58 377 43.09 602.40

= a period of transformation from even-aged into
uneven-aged stand structure would result in
superior economic effects compared with effects
of establishment of even-aged balanced age-
class forest

= management of an established balanced un-
even-aged fir-beech forest would be more eco-
nomically effective in relation to management
of establishment of balanced even-aged pure
silver fir forest.

For that purpose the objective of this paper was to
use a specific example of an even-aged fir forest in
order to simultaneously conduct a research and an
economic analysis of the two scenarios: even-aged and
uneven-aged forest management, to be implemented
in the future both at stand and forest level.

2. Material and methods

2.1 Research area and data collection

The research was conducted in the Dinaric region
covered by beech-fir forests in the Republic of Croatia
in the forest of pure silver fir (Abies alba Mill.) on even-
aged stands. Coverage area of the pure (>90% of total
volume) silver fir forest (management unit Skamnica
44°58'N, 15°08'E) was 567.33 ha. The stands in this
specific forest were extremely similar in terms of age,
growing stock, basal area and mean annual volume
increment. The altitude ranged between 430 and 828
m a.s.l. The soil types were primarily limestone and

dolomite. According to Koppen’s classification, the
climate was of Cfwbx type, i.e. it was classified as mod-
erately warm rainy climate. The average annual air
temperature was 9.3 °C.

From a total of 33 stands, one specific stand was
selected in order to conduct a field measurement. First,
a group of stands was defined, in which intermediate
cut had just been performed and where the rate of
silver fir exceeded 90% (18 stands). Out of these 18
stands, the sample stand intended for field measure-
ment was selected by random sampling. Terrain sur-
vey in the selected stand, covering an area of 22.21 ha,
was conducted in the year 2013 (Table 1). A total of 20
circular plots with 40-metres in diameter were placed
within a 100-meter square net oriented towards four
cardinal directions. All the trees with DBH exceeding
10 cm were measured. For every tree, its species, the
specific position in the three-dimensional space, DBH,
and absolute height were determined according to
Cavlovi¢ and Bozi¢ (2008).

2.2 Simulation of stand growth and
management scenarios

A virtual square shaped stand (173.2x173.2 m) was
designed (Beljan et al. 2016) based on both measured
and assessed data of the observed stand (Table 1). This
virtual stand was integrated into a single-tree growth
computer programme for stand growth simulation
model MOSES version 3.0 (Pretzsch et al. 2002, Stein-
metz 2003, Hasenauer 2006, Mikac et al. 2013) as the
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initial state for the simulation of management scenar-
ios. Three assumptions were made:

= the stand structure represented 10% of the forest
where cut had just been performed (past man-
agement characterised by 10-year cutting cycles
and some kind of intermediate cut)

= the first 10-year period of stand growth simula-
tion was without cut

=> the use of the same initial state for other nine
tenths of the forest (groups of stands) where
stand growth simulation was to start sequen-
tially during the following 2-10 years.

Stand growth and future management were simu-
lated for both even-aged and uneven-aged manage-
ment scenarios and also at both stand and forest level.

2.2.1 Even-aged management scenario

Even-aged management scenario and the theo-
retical even-aged forest were defined by the forest
area of 567.33 ha, rotation, theoretical number and
area of compartments/sub-compartments, regenera-
tion period and prescribing and scheduling both in-

Economic Consequences of Different Management Approaches to Even-Aged Silver Fir Forests (299-312)

termediate and regeneration cut (Table 2). It is neces-
sary to distinguish »free« simulation period (without
cutting, year 2013-2022) and simulation period of
management (with cutting, from the year 2023 to the
future).

Stand level growth simulation of the sub-compart-
ment (stand) 1a in which the regeneration would be
the first to begin, taking place »on time« (at the age of
100). Stand growth simulation of other stands in the
compartment 1 (b up to j) would be similar, albeit
with a shift of 1 year and sequentially the prolonga-
tion of regeneration would start. Concerning the
stands within other compartments (2-11), the man-
agement (cutting) would start in 2023 (a2 stands). In
that case, an intermediate cut in 10-year cycle would
be simulated until the start of the regeneration in sev-
eral stands depending on their belonging to several
compartments (stands belonging to compartment 11
were scheduled for regeneration last (cut stand age of
220 years)). Stand growth simulations of all 110 stands
arranged in the previously described way presented
the even-aged forest management scenario.

Table 2 Description of elements whereon even-aged management scenario and theoretical even-aged forest were defined

Element of even-aged management/forest

Explanation

Forest area 567.33 ha Forest area of stands in forest where the rate of silver fir exceeds 90%
. In the past, according to Mestrovi¢ (2001), 120-year rotation was the most frequently used system of
Rotation 120 yrs. S . .
silver fir even-aged management in Croatia
20 yr. regeneration period by 3 cuts; theoretically first (preparatory) at the age of 100 yr., second
Regeneration period | 20 yrs. (regeneration) at the age of 110 yr. and after 10 yrs. the final cut. New stand growth cycle begins with

regeneration (second) cut in the middle of the regeneration period

Sub-compartment |, o pes. (5.15 ha)

In case of 120-yr rotation and 20-yr regeneration period 50% of youngest and oldest age class area

(stand) overlap, in which case theoretical forest is comprised of 110 stands (Nenadi¢ 1929)
110 stands are arranged within 11 compartments (each compartment divided into 10 stands, a up to
Compartment 11 pcs. (51.5 ha) j); stands of compartment 1 would be regenerated first (felling age of 120 yrs), whilst stands of
compartment 11 would be regenerated last (felling age of 220 yrs)
Start of simulation yr 2013 up to yr. 2022 | a stands of all compartments in 2013, ... , j stands of all compartments in 2022

Start of management
(cut)

yr 2023 up to yr. 2032

a stands of all compartments in 2023 (1a regeneration, 2—11a intermediate cut), ... , j stands of all
compartments in 2032

Intermediate/thinning
cut

10 yr. cycle

Intermediate cut in stands during period between start of management and first regeneration; thinning
in new cycle growth stands (first at the age of 30 yr, last at the age of 90 yr); cut amount estimates
according to Mati¢ (1989) as quotient of stand volume and stand age in decades (i.e.: V=675 m*ha,
age=170y; cut volume=675 m*ha /17=40 m*ha)

Regeneration felling

20 yr. period

Start first in stand 1a (preparatory in 2023, regeneration in 2033, final in 2043) and last starts after 110
years in stand 11] (preparatory in 2133, regeneration in 2143, final in 2153); estimation of felling
amount: one third of current stand volume for preparatory, one half of current stand volume (accumu-
lated last 10-y increment included) for regeneration cut, total remaining stand volume (accumulated
last 10-y increment included) for final cut
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2.2.2 Uneven-aged management scenario

Theoretical uneven-aged forest and management
scenario was defined by the same forest area of 567.33 ha,
selection cut cycle of 10 years, theoretical number of
10 stands (compartments 1-10) each covering an area
of 56.73 ha and achievement of balanced selection
stand structure with aimed silver fir/beach proportion
of 80% vs. 20%.

The management scenario was based on stand
level simulation of compartment 1, where simulation
started in 2013, whilst the transformation (1™ cut)
would begin in 2023. Stand growth simulation of oth-
er stands (compartments 2 up to 10) was similar, but
with a shift of 1 year (the assumption was made that
those stands would have similar structure at the com-
mencement of the simulation in 2014 lasting up to 2022
(state just after the cut) and the transformation would
start in 2024 lasting up to 2032 (state just before the cut)
similarly as compartment 1).

The estimate of the cut for each cut cycle was based
on theoretical rate of current annual volume increment
standing at 2.5% (10-year cut intensity of 25%) accord-
ing to Klepac (1961). The commencement of stand
transformation to uneven-aged structure was simu-
lated by establishment of 5 initial regeneration gaps
by cutting of all trees in circle diameter of 20-25 m on
the »virtual« stand research object covering an area of
3 ha (1.7 gaps per ha). The other segment of the per-
formed cut was implemented on the remaining stand
area as thinning. Concerning the following cut cycles,
the enlargement of the initial gaps by cut of circle-
marginal trees, establishment of new regeneration
gaps and thinning were simulated.

2.3 Economic analysis of silvicultural treatments
2.3.1 Cash flow

Cash flow of each specific scenario was estimated
based on i) the results of simulation of forest manage-
ment using the forest growth modelling software
MOSES, ii) timber assortment tables, iii) simulated
selling price, iv) cost in compliance with the Croatian
Forest Law (OG, 140/2005), v) estimated through ex-
penses arising from wood harvesting. Simulation of
the future selling prices of beech and fir assortments
was taken from earlier study of Beljan et al. (2017). A
simulation of timber prices on the market was made
based on the collected data on achieved selling prices
for the surveyed forest using Monte Carlo methodol-
ogy (Beljan et al. 2017).

On the other hand, costs (both indirect and direct)
are revaluation expressed by consumption of produc-
tion elements. Indirect costs include administrative

costs which, for even-aged silver fir forests stand at
22.09 EUR/ha (Beljan 2015). According to available cal-
culations, average direct costs of wood harvesting
(1997-2013), in relation to the selling price achieved,
stand at 1:0.654 (+0.08) (Beljan 2015). In other words,
wood harvesting costs per 1 Euro of generated reve-
nue stand at 0.65 Euro + 8 Euro cents. This ratio was
also projected in the future. The costs also include the
share of 5% of the selling price of stumpage, which,
according to the National Forest Law (OG, 140/2005)
is collected from legal entities involved in forestry.

Purchase of (investment in) both the forest and land
within the price range between 1000 and 12,500 EUR/ha
was analysed for the purpose of this research.

2.3.2 Assessment of economic returns and
profitability

Economic analysis encompasses the period com-
mencing from 2013 (actual situation in the field) up to
140 years in the future for an even-aged scenario and
120 years for uneven-aged scenario. Subsequently, the
cash flow is continuous and in balanced structure
theory it is assumed to be for an unlimited period of
time.

The comparison of economic effectiveness amongst
specific scenarios focused on net present value (NPV)
(Klemperer 2003) for unlimited time period according
to the Faustmann (1968) concept and internal rate of
return (Damodaran 2002). Interest rates ranging from
1% to 5% were used concerning economic analysis
features, with 2% taken as a reference value.

According to Knoke and Plusczyk (2001), net pres-
ent value [ enqg for an unlimited time period of the
even-aged scenario was calculated by the following
mathematical expression:

1
e =S— xR
]even ag (1,01")t |:U(t):|+

here:
R[v(t)] profit during the current rotation
RJv(t)] profit during the upcoming rotation

t time of the current rotation
T time of the upcoming rotation
r discount rate.

The first part of the mathematical expression (be-
fore the square bracket) referred to NPV (of the current
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rotation). From the commencement of the simulation
to the final felling, all the profits (R[v(t)]) were dis-
counted to the start through the discount rate (r). In
this way the analysis of only a segment of the rotation
was included (e.g., from 100 to 220 years of age, de-
pending on the felling age in a specific compartment
according to Table 2. The second part of the mathemat-
ical expression referred to NPV of the entire upcoming
rotation shown over an unlimited time period. Irre-
spective of the fact that the time of the regeneration
felling determined the commencement of production
of anew stand, all the revenues and expenditures were
capitalised/discounted according to the time of seed-
ing felling (Nenadi¢ 1922) and hence the factor
1.0r* —1 (Navarro 2003) was used.

Net present value |, eyen-oqe Of ineven-aged scenario
over an unlimited time period was described through
the expression according to Knoke and Plusczyk
(2001):

1
]unevenfage = z (1I0r)t XR[U(t)]-l-

t

N ;st[v(t)] 1 (2)

Where:
Rlv(t)] profit during transformation
RJou(t)] profit after transformation

t time of transformation
cc time after transformation
r discount rate.

The first part of the mathematical expression (be-
fore the square bracket) discounted the profit through-
out the duration of the transformation. Following the
establishment of the uneven-aged structure, a con-
tinuation of forest management was expected upon
equal net circulating capital generated every (cc) year,
according to Navarro (2003) shown over an unlimited
period of time.

3. Results

3.1 Growth data

A comparison of dynamics in growing stock at the
level of stand and forest showed the fundamental dif-
ference between scenarios (Fig. 1). In Fig. 1, the sce-
nario for an even-aged management system was pre-

800

_ |

600 J /|
5oo/||k}w
A

200 - ‘ ‘

Even-aged forest

Even-aged stand
— Uneven-aged forest
e |Jneven-aged stand

0 1 T 1 T T 1 1 T 1
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

Growing stock, m’/ha

100

Time, year

Fig. 1 Comparison of dynamics in growing stock at stand level.
During the first decade, the dynamics of fluctuations in growing
stock was equal at both levels

sented through a sub-compartment (stand) 1a, whilst
the uneven-aged scenario was presented through a
compartment 1. The end of the simulation at the stand
level (sub-compartment 1a) was defined by the time
of the final felling of the even-aged scenario and, from
the temporal aspect, it matched the previously estab-
lished balanced selection stand structure) (compart-
ment 1). It is important to emphasize the fact that fluc-
tuations in growing stock of the uneven-aged scenario
within the theoretical values occurred 30 years prior
to the even-aged scenario.

The development of growing stock at forest level
is primarily conditioned by the features of the specific
scenario. A rise in average growing stock at forest
level up to a remarkable 750 m*/ha (Fig. 1) was shown
in case of the scenario for the even-aged management
system, due to the extension of the felling age up to
220 years old. The uneven-aged scenario continuously
reduced the growing stock to the minimum amount
after 65 years of simulation, when a gradual increase
in growing stock and the establishment of balanced
selection stand structure commenced.

3.1.1 Even-aged management scenario

At the beginning of the analysed time period, the
growing stock both at stand and forest level was above
the optimal level (Table 1), for details see (Cavlovié
2013) and (Beljan 2015). Simulation at forest level in
even-aged management scenario included individual
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Fig. 2 Dynamics of growing stock in even-aged scenario divided
into compartments (a compartment is comprised of ten stands/
sub-compartments) at forest level. The growing stock for individu-
al compartment is the average of its 10 sub-compartments

simulations of each sub-compartment (110 pieces) dis-
tributed in 11 compartments shown in Fig. 2. The
growing stock in a specific year for an individual com-
partment was the average of all sub-compartments of
the corresponding compartment (Fig. 2).

A balanced even-aged forest structure was expect-
ed to be established after 140 years. It would include
all age classes, whilst the forest would comprise 110
even-aged stands, where under the tree tops of the old
stand there would be a new one (for instance, under
120-year old stand there would be a young — 10-year
old stand). Growing stock per hectare at forest level
corresponded to half the stock of the 3 compartment,
which had the highest growing stock amongst all the
compartments (Fig. 2). This was also an indicator of a
balanced even-aged forest structure.

3.1.2 Uneven-aged management scenario

This scenario includes a transformation of the man-
agement system from even-aged into uneven-aged.
Tree felling into 5 gaps of the radius from 25 m to 30 m
was simulated over the surface represented by the vir-
tual object of the research (3 ha). Not all the trees with-
in the gap intended for forest regeneration were cut,
but due to the seeding of the soil with seeds several
trees were left. The cutting in first cutting cycles was
spatially concentrated for the opening of the gaps in-
tended for regeneration. Through subsequent cutting

cycles, the gaps intended for regeneration were con-
centrically expanded through cutting of the circle-
marginal trees, whilst selection cutting was performed
throughout the remainder of the stand. This procedure
was repeated until the entire stand was regenerated
and the uneven-aged structure established after 110
years at stand level, i.e. after 120 years at forest level
(Fig. 3). A gradual decrease in the proportion of silver
fir in the growing stock enabled its substantial regen-
eration. It is important to highlight that this also re-
sulted in beech regeneration which, at the beginning
of the simulation, covered only 3.45 m’/ha (Table 1),
whilst after 70 years it achieved the desired growing
stock.

Simulation at forest level was the average of simu-
lations of all the stands distributed into 10 compart-
ments (Fig. 3). The dynamics of growing stock at that
level followed the trend of individual stand and de-
creased from the commencement of the simulation
period. That happened during the first 60 years of
simulation, after which the increase in growing stock
started and it lasted until 120" year of the simulation,
when the uneven-aged structure at forest level was
established (Fig. 3). The same picture shows that the
balanced uneven-aged forest was gradually achieved;
first, in the compartment No. 1 and in all the subse-
quent compartments upon one-year interval. Analo-
gous to the indicator of normality for even-aged man-
agement scenario, growing stock at forest level
corresponded to half the growing stock between two
cutting cycles (uneven-aged forest management).

900
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Forest average
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Fig. 3 Development of growing stock of uneven-aged scenario at
both stand and forest level
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3.2 Economic analysis
3.2.1 Cash flow

Cash flow can be observed both at stand and at
forest level, albeit the forest level covers a significantly
larger area. At forest level, revenue and cost were pres-
ent every year and their sum was comprised of reve-
nue and cost of all the stands in annual yield area (Fig.
4). Revenue and cost are closely connected. In the
event of higher revenues, the expenditures will also be
higher, yet disproportionately, as shown in Fig. 4.
Cash flow of both scenarios was not even roughly
identical throughout the period.

The scenario for even-aged management of differ-
ent felling-age (Table 2) prescribed for a specific com-
partment resulted in different dimensions of trees and
hence in different revenue. During the first decade, the
cash flow was roughly identical due to the fact that
every year 1/10 of the forest area was cut with equal
intensity (Fig. 4). During the subsequent 20 years, both
revenues and costs dropped drastically, due to the fact
that the felling age regularly exceeded 120-year rota-
tion. Throughout that period (10-30 years of simula-
tion) annual surface of final cut stood at 8.55 ha (the
area covered by one sub-compartment). In other
words, most of the yield was achieved by the interme-
diate yield — with an inferior financial result. After
that, every year the final felling was achieved over an
equal area covering 8.55 ha, yet every subsequent year
it was performed in the sub-compartment that was 1
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Fig. 4 Cash flow of forest management in both scenarios at forest
level. Investment costs of both forest and land purchase have not
been shown

year older and hence its financial value was also high-
er. The older the stand, the higher its financial value,
yet up to a point which occurred in this specific situa-
tion after 50 years of simulation. Fig. 4 also shows the
previously mentioned recurrent drop in revenue and
cost. The decrease in cash flow was the result of lower
revenue from stands, which were considerably old
and had an increased share of dead trees and wood of
inferior value. As the end of the simulation ap-
proached, cash flow showed a deceasing number of
fluctuations and eventually, expectedly, it entirely
harmonised.

Cash flow in case of uneven-aged management
scenario assumed entirely different attributes (Fig. 4).
The sum of revenues and costs of all the stands in a
specific year is considered the cash flow at forest level.
At the commencement of the projection period, the
revenue from beech could not be expected due to the
fact that its share was too insignificant. Nevertheless,
the first revenue was generated in that aspect after 40
years of simulation of uneven-aged forest manage-
ment. On the other hand, cash flow from silver fir at
the commencement of the projection period showed
the highest amounts due to a more intensive cutting
of accumulated growing stock (Fig. 4). Summary cash
flow (silver fir and common beech) recorded the low-
est values between the 60™ and the 80" year of the
simulation, as a direct consequence of inevitable re-
duction in growing stock, as shown in Fig. 3. It is also
important to highlight that both revenues and costs at
the commencement of the simulation were almost
double compared with those at the end — when the
balanced uneven-aged forest structure has been estab-
lished. Another objective was met in this scenario, i.e.
the forest can be provided with such features that it
can generate equal profit throughout the year without
any time limits.

3.2.2 Economic consequences

Net present value over an unlimited time period
was shown as a specific crossword, from the values for
different costs of purchase of (investment in) a forest
can be read (Table 3). Cases regarded as unprofitable
from an economic standpoint have been shaded in
grey. Following the comparison amongst different
NPV scenarios, shown in Table 3, it was evident that
even-aged scenario was more adequate throughout an
entire range of investment costs, albeit only at dis-
count rate of 1%. Break-even point for uneven-aged
transformation scenario was given when an interest
rate of 1.24% was applied, irrespective of the propor-
tion of investment costs. In other words, uneven-aged
scenario was more adequate when discount rate that
exceeded 1.24% was applied.
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Table 3 Net present value [EUR/ha] upon application of different purchase prices and discount rates

Interest rate, %
Investment
1 2 3 4 5
EUR/ha

EA UA™ EA UA™ EA UA™ EA UA™ EA UA™
1000 11,286 9368 6077 6153 4071 4600 2982 3599 2300 2903
2500 9786 7868 4577 4653 2571 3100 1482 2099 800 1403
5000 7286 5368 2077 2153 7 600 -1018 -401 —1700 -1097
7500 4785 2868 423 -347 2429 -1900 -3519 —-2901 4201 -3597
10,000 2285 368 -2923 2847 —-4929 4400 -6019 -5401 -6701 -6097
12,500 -215 -2132 -5423 -5347 7429 -6900 -8519 —-7901 -9201 -8597

*even-aged management scenario, **uneven-aged management scenario

Comparison at forest level (Table 3) provided an
approximate overview of the economic features of for-
est management, as opposed to the analysis at stand
level (Fig. 5). At stand level and at reference discount
rate of 2%, the dependence of NPV on investment
costs and the management system were shown. Abso-
lutely expectedly, higher values of NPV were achieved
by stands purchased at lower prices, which would be
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Fig. 5 Comparison amongst NPV at stand level at reference dis-
count rate of 2% and investment cost of a) 1000, b) 2500, c) 5000,
d) 7500, e) 10,000, f) 12,000 EUR/ha. Due to the features of a
specific management scenario the forest has been divided into 10
or 11 compartments. A specific compartment comprises 10 stands
and hence values for each stand have been provided in the graph

cut in the forthcoming future. NPV of even-aged sce-
nario was higher in relation to the uneven-aged sce-
nario in all the compartments management with fell-
ing age that ranges from 120 to 170 years old (Table 2,
Fig. 5). Irrespective of the fact that at discount rate of
2% and investment of 7500 EUR/ha NPV at forest
level were negative for both scenarios (Table 3), a pro-
portion of stands still achieved a positive NPV (Fig. 5).
An overview of changes in mutual ratio of NPV at
other discount rates would be identical to the over-
view presented in Fig. 5, yet the amount of NPV at a
higher rate would be lower and vice versa. Manage-
ment in compartments, whose turn for cutting is ear-
lier, will be more profitable compared with the com-
partments in which cutting occurs later and which can
have a negative NPV (Fig. 5).

Internal rate of return (IRR) fluctuated substan-
tially, depending on the levels of the investment cost
(Table 4). Initially, upon the lowest investment cost,
IRR may appear to be unrealistically high, yet in case
of the opportunity of investment in such forests at that
price, IRR would be identical to the values shown in
Table 4. On the other hand, the highest investment cost
resulted in a considerably low IRR. From this table, it
is important to highlight that IRRs in uneven-aged
scenario are higher (in most cases) compared with
those in even-aged scenario, whilst the interval of fluc-
tuations of IRR (min-max) was shorter upon higher
investment costs.

The applied discount rate has the greatest impact
on economic comparison between the two scenarios.
It is extremely important to make a comparison be-
tween the scenarios at identical discount rate. Table 3
shows the impact of different rates on NPV, which will
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Table 4 Comparison of internal rate of return (IRR) both at forest
and stand level for a period of 140 years

Internal rate of return, %

Investment
o Even-aged Uneven-aged
EUR/ha | Forest | Stand | Stand | Forest | Stand | Stand
level Min. Max. level Min. Max.
1000 254 | 249 | 287 | 213 122 | >150
2500 70 5.8 10.6 8.8 6.0 26.0
5000 3.1 24 46 36 2.8 48
7500 1.9 1.5 24 1.8 15 2.2
10,000 13 1.0 15 1.1 0.9 1.2
12,500 1.0 0.8 1.1 0.7 0.7 0.8

regularly be lower at a higher discount rate and it is
likely that NPV can also be negative in case high dis-
count rate is applied (Table 3, Fig. 5). The highest dis-
count rate that can be applied in order for NPV to
equal zero has been shown for different investment
amounts in Table 4 (column Forest level). Each dis-
count rate inferior in relation to that provided therein
will achieve a positive NPV. Consequently, it is evi-
dent that low discount rates positively affected even-
aged scenario. Comparison between the two scenarios
showed that the difference in NPV was not constant,
i.e. it was less evident at higher rates (Table 3).

The results presented thus far show management
until the establishment of balanced even-aged i.e.
uneven-aged forest and subsequently management
through theoretical balanced forest. Nevertheless,
upon comparison of management only in balanced
forests, the comparison was slightly different. Even-
aged balanced forest achieved constant average an-
nual yield of 10.72 m*/ha, whilst uneven-aged that of
11.72 m*/ha (the difference of 8.5%). Upon ignoring the
fluctuations in price, it stood at 106.39 EUR/ha for
even-aged, or 127.98 EUR/ha for uneven-aged scenar-
io (the difference of 16.86%).

4, Discussion

4.1 Forest planning

The main directions of future forest management
need to be analysed against the backdrop of the cur-
rent state of affairs in even-aged silver fir forests in the
Dinaric Region. Two scenarios (both even-aged and
uneven-aged scenario) which can be implemented in
practice have been analysed. Even-aged scenario im-

plies the continuation of the currently implemented
forest management, whereas uneven-aged is consid-
ered as a turning point in forest management, which
requires a transformation during the first phase.

The scenario for the even-aged management sys-
tem is a kind of imitation of the management system
applied thus far in such forests. During the period in
which pure silver fir forests in the Croatian Dinaric
region were managed exclusively through even-aged
management system, the rotation period of 120 (100)
years with a regeneration period of 20 (10) years and
regeneration felling applied twice (Mestrovi¢ 2001)
was resorted to. Due to ecological characteristics, the
scenario with the rotation period of 120 years, regen-
eration period of 20 years and regeneration felling ap-
plied 3 times was analysed.

On the other hand, the scenario for uneven-aged
forest management implied a transformation from
even-aged to uneven-aged forest. This process re-
quires a change in the stand structure from homoge-
neous even-aged into a more complex uneven-aged
(O’'Hara 2001, Pommerening 2006). Several factors
played a crucial role in a successful transformation.
Most authors (Hanewinkel and Pretzsch 2000, Malcolm
etal. 2001, Schiitz 2001, Mason and Kerr 2004, Cavlovié
and Bozi¢ 2007, Franceti¢ 2010, Bozi¢ et al. 2011, Knoke
2012) agree that regeneration (both natural or artifi-
cial) plays the most important role. Even-aged stand
can establish the uneven-aged structure by a natural
process through natural disasters (Koop 1989, Peter-
ken 1996), yet upon implementation of silvicultural
measures the process is considerably shortened
(Schiitz 2001). The ideal timing for the commencement
of the transformation is up to one half of the prescribed
rotation period of even-aged forest management
(Schiitz 2001, Knoke 2012) and the process should
commence after the full seed yield (Malcolm et al.
2001). Hence, in this research the places in the virtual
forest which were naturally regenerated were used as
centres of regeneration nuclei (gaps). In addition, this
was supported by the fact that clearcutting in small
gaps and their gradual expansion through cutting of
the circle-marginal trees were the most adequate for
pure coniferous stands (Hanewinkel and Pretzsch 2000,
Hanewinkel 2001) both from the silvicultural (Malcolm
et al. 2001) and economic standpoint (Hanewinkel
2001). In the previously mentioned forest, the height
of the mean basal-area tree was 27.2 m (Beljan 2015).
Consequently, according to Malcolm et al. (2001), the
diameter of the circle-shaped regeneration patch
ranged between 25 m and 30 m, depending on the
characteristics of the terrain and the arrangement of
the trees in the area covered by the virtual stand.
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4.2 Economic analysis and cost control
in forest management

Economic comparison between two main forest
management systems can be made only with silver fir
or spruce forests, since they enable the application of
both systems (Hanewinkel 2002) and transformation
from even-aged into uneven-aged management system
and vice versa. The economic feature of the transfor-
mation can be analysed both at stand level (Buongiorno
2001, Hanewinkel 2001, Knoke et al. 2001, Knoke and
Plusczyk 2001) and at forest level (Buongiorno and
Gilles (1987), Price and Price (2006)). However, the
conclusion on the economic result of forest manage-
ment needs to be made exclusively at forest level and,
if possible, at normal balanced forest level. It is impor-
tant to point out that the comparison at stand level
depends on the selection of stands for the purpose of
comparison. The selection of different stands would
result in a different comparison. In this specific re-
search, there was a total of 1000 different combinations
of stands for comparison and hence caution needs to
be exercised during the interpretation of results at this
level and consequently comparison at forest level is
required. Although a wide range of potential buying
prices of forest was examined, IRR results can seem
unrealistic. Analysed purchase prices ranging from
1 EUR/ha to 12,500 EUR/ha are hypothetical. So the
investor’s ability to negotiate prices is crucial for eco-
nomic results. If an investor can make an agreement
and invest (buy) a forest for 1 EUR/ha, IRR will be
150% because standing timber is around 600 m’/ha.
Other analysed buying prices (like 5000 or 7000 EUR/ha)
will result in IRR as in similar research. In other words,
all possibilities have been examined, the worst and the
best ones.

Transformation from the even-aged into uneven-
aged management system is considered as a kind of
turning point in forest management, which also affects
the economic aspect. It is financially unprofitable to
commence the process of transformation in the event
when even-aged stand is »close« to financial maturity
(Knoke 2012), which was also the case in this research.
However, Knoke (2012) reached this conclusion based
on the analysis conducted at stand level. The charac-
teristics of the object of research determine which
management system is more cost-effective. In case of
the Croatian Dinaric region, clearcutting in small gaps
is the only logical option since the piled up and homo-
geneous standing timber make difficulties in natural
regeneration. Nevertheless, in that case it is possible
to reduce the value of timber assortments due to the
growth of side branches on the remaining trees lo-
cated on the edge of the circular patch (Macdonald et

al. 2010) and increase harvesting costs. Both the eco-
nomic and ecological justification of the transforma-
tion of forest management system from pure stands
into mixed is relative (Knoke et al. 2005). However, an
advantage to mixed stands is certainly the reduction
of risk spread between two or more forest tree species
(Bauhus et al. 2017). In case of the existence of a bal-
anced even-aged or uneven-aged forest, transforma-
tion is never recommended from the economic stand-
point (Price 2012). Silvicultural characteristics,
primarily the age class ratio in case of even-aged man-
agement and tree age structure of all the stands in
uneven-aged management, are the factors that define
the cost-effectiveness of transformation. In other
words, each forest, due to its specific features, requires
a special analysis (Price 2012). Natural regeneration is
the most important economic factor in this process
(Davies and Kerr 2011), since it represents the creation
of capital that is a gift of nature (Navarro 2003). Irre-
spective of the fact that, from silvicultural standpoint,
both management systems can be applied, it is clear
that, from the economic aspect, a balanced uneven-
aged forest has a higher financial impact.

Both cash flows (Fig. 4) give the impression that
simulations take the forest into a direction in which
the profit will be reduced. It is important to highlight
that a unique method has been presented, in which a
normal balanced forest can be established generating
optimal profits that will be continuous in theory. Oth-
erwise, huge profits from the forest can be short-term
and without the perspectives of financial gains in the
long-term future.

As is the case with other types of decisions, the
same applies to economic decisions, which are nor-
mally made against the backdrop of risk and uncer-
tainty and this is particularly evident in long-term
projects, as is the case in forestry. Most economic stud-
ies on forest management ignore the uncertainty of the
future cash flows (Knoke et al. 2005), whereas in this
research risk was considered as an integral part of eco-
nomic analysis. In addition to the potential risk from
natural disasters, it is also necessary to consider the
uncertainty of changes in selling prices of timber as-
sortments (Beljan et al. 2017) and timber harvesting
costs. Timber assortment production is characterised
by long production cycles and it is influenced by natu-
ral disaster risks. Forestry investment risk differs from
country to country and it is directly affected by the risk
carried by a specific country. A country whose econo-
my implies lower risk will also be the one to apply a
lower discount rate (Snowdon and Harou 2013). The
selected discount rate that is applied in forest manage-
ment analysis plays a decisive role in achieving good

Croat. j. for. eng. 39(2018)2

309



Karlo Beljan et al. Economic Consequences of Different Management Approaches to Even-Aged Silver Fir Forests (299-312)

economic results (Klemperer et al. 1994, Price 1997,
Brukas et al. 2001, Kanas 2008). Premium of the invest-
ment risk in forestry production is extremely low as
opposed to other branches of the economy, where
both the yield and risk are higher.

5. Conclusions

In the silver fir forests located in the Croatian Di-
naric region, which are currently even-aged, both
management systems can be applied. Nevertheless,
due to their current characteristics, the piled up stand-
ing timber into even-aged structure, they are not sus-
tainable over the long term and hence they need to be
directed towards the uneven-aged structure through
a gradual transformation. The economic effectiveness
of the transformation is determined primarily by the
current characteristics of a specific forest and it can in
some cases be cost-effective over a long period of time.
Consequently, it can be concluded that, from the long-
run economic perspective, even-aged silver fir forests
need to be transformed into balanced uneven-aged
forests, which will be continuously providing higher
monetary and non-monetary (public benefit function)
values. During the transformation process, discount
rates of up to 1.24% favourably affect even-aged man-
agement, whereas the increasing rates have a positive
impact on uneven-aged management. Upon compara-
tive analysis at the level of the established balanced
forest, uneven-aged management will achieve a high-
er Net Present Value irrespective of the discount rate,
as a consequence of a higher and financially more
valuable forest increment/yield.

6. References

Bauhus, J., Forrester, D.I,, Gardiner, B., Jactel, H., Vallejo, R.,
Pretzsch, H., 2017: Ecological stability of mixed-species for-
ests. In: Mixed-Species Forests: Ecology and Management
(Pretzsch, H., Forrester, D.L, Bauhus, J. eds.), Springer Berlin
Heidelberg, Berlin, Heidelberg, 337-382 p.

Beljan, K., 2015: Economic analysis of even-aged silver fir (Ab-
ies alba Mill.) forest management. PhD thesis. University of
Zagreb, Croatia, 166 p.

Beljan, K., Posavec, S., Orsag, S., Teslak, K., 2017: Simulation
model for prediction of timber assortment price trends in
Croatia — a case study of Forest Office Brinje. Drvna indus-
trija 68(2): 145-152.

Beljan, K., Vedris, M., Mikac, S., Teslak, K., 2016: Generating
virtual even-aged silver fir stand structure based on the mea-
sured sample plots. South-east European forestry 7(2): 119-
127.

Boncina, A., 2011: History, current status and future prospects
of uneven-aged forest management in the Dinaric region: an
overview. Forestry 84(5): 467-478.

Boncina, A., Diaci, J., Cenci¢, L., 2002: Comparison of the two
main types of selection forests in Slovenia: distribution, site
conditions, stand structure, regeneration and management.
Forestry 75(4): 365-373.

Bottalico, F., Travaglini, D., Fiorentini, S., Nocentini, S., 2014:
Stand dynamics and natural regeneration in silver fir (Abies
alba Mill.) plantations after traditional rotation age. Iforest-
Biogeosciences and Forestry 7(5): 313-323.

Bozié¢, M., Cavlovié, J., Gorsi¢, E., Teslak, K., 2011: Dynamics
of establishing the selection structure in beech-fir stands on
Papuk. Croatian Journal of Forest Engineering 21(1): 287-298.

Brukas, V., Thorsen, B.J., Helles, F., Tarp, P., 2001: Discount
rate and harvest policy: implications for Baltic forestry. Forest
Policy and Economics 2(2): 143-156.

Buongiorno, J., 2001: Quantifying the implications of transfor-
mation from even to uneven-aged forest stands. Forest Ecol-
ogy and Management 151(1-3): 121-132.

Buongiorno, J., Gilles, ].K., 1987: Forest management and eco-
nomics — A primer in quantitative methods. Macmillan Pub-
lishing, New York, 285 p.

Cavlovi¢, J., 2010: First national forest inventory in Republic
of Croatia. Ministry of regional development and forestry &
Faculty of Forestry, Zagreb, 300 p.

Cavlovié, J., 2013: Basics of forest management planning.
University of Zagreb — Faculty of Forestry, Zagreb, 322 p.

Cavlovi¢, J., Bozi¢, M., 2007: The establishment and preserva-
tion of a balanced structure of beech-fir stands. Glasnik za
Sumske pokuse 42: 75-86.

Cavlovi¢, J., Bozi¢, M., 2008: National forest inventory in Cro-
atia—methods of field assesment. University of Zagreb — Fac-
ulty of Forestry, Zagreb, 146 p.

Cavlovié, J., Bozi¢, M., Bon¢ina, A., 2006: Stand structure of an
uneven-aged fir-beech forest with an irregular diameter struc-
ture: modeling the development of the Belevine forest, Croa-
tia. European Journal of Forest Research 125(4): 325-333.

Damodaran, A., 2002: Investment valuation — Tools and tech-
niques for determining the value of any asset. John Wiley &
Sons, Inc. New York, 992 p.

Davies, O., Kerr, G., 2015: Comparing the costs and revenues
of transformation to continuous cover forestry for sitka spruce
in Great Britain. Forests 6(7): 2424-2449.

Davies, O., Kerr, K., 2011: The costs and revenues of transfor-
mation to continuous cover forestry. The Research Agency of
the Forestry Commission, 63 p.

Faustmann, M., 1968: Berechnung des Wertes, welchen Wald-
boden, sowie noch haubare Holzbestande fir die Wald-
wirtschaft besitzen. Allgemeine Forst und Jagdzeitung 15:
441-455.

Ficko, A., Poljanec, A., Boncina, A., 2011: Do changes in spatial
distribution, structure and abundance of silver fir (Abies alba

310

Croat. j. for. eng. 39(2018)2



Economic Consequences of Different Management Approaches to Even-Aged Silver Fir Forests (299-312) Karlo Beljan et al.

Mill.) indicate its decline? Forest Ecology and Management
261(4): 844-854.

Franceti¢, L., 2010. Structural characteristics of pure fir forests
on the locality of Forest offices Brinje and Otocac. Specialist
master thesis. University of Zagreb — Faculty of Forestry, 83

p-
Franklin, J.F., 1989: Toward a new forestry, American Forests
37(11-12): 37-44.

Hanewinkel, M., 2001: Economic aspects of the transforma-
tion from even-aged pure stands of Norway spruce to uneven-
aged mixed stands of Norway spruce and beech. Forest Ecol-
ogy and Management 151(1-3): 181-193.

Hanewinkel, M., 2002: Comparative economic investigations
of even-aged and uneven-aged silviculture systems: a critical
analysis of different methods. Forestry 75(4): 473-481.

Hanewinkel, M., Pretzsch, H., 2000: Modelling the conversion
from even-aged to uneven-aged stands of norway spruce (Pi-
cea abies L. Karst.) with a distance-dependent growth simula-
tor. Forest Ecology and Management 134(1-3): 55-70.

Hasenauer, H., 2006: The growth model MOSES 3.0. In: Sus-
tainable Forest Managemet: Growth Models for Europe
(Hasenauer, H. ed.). BOKU, Vienna, 64-71.

Kanas, A., 2008: On real interest rate dynamics and regime
switching. Journal of Banking & Finance 32(10): 2089-2098.

Kenk, G., Guehne, S., 2001: Management of transformation in
central Europe. Forest Ecology and Management 151(1-3):
107-119.

Keren, S., Motta, R., Govedar, Z., Lucic, R., Medarevic, M.,
Diaci, J., 2014: Comparative structural dynamics of the Janj
mixed old-growth mountain forest in Bosnia and Herzegov-
ina: are conifers in a long-term decline? Forests 5(6): 1243
1266.

Klemperer, D.W., 2003: Forest resource economics and fi-
nance, McGraw-Hill, 551 p.

Klemperer, D.W., Cathcart, ].F., Haring, T., Alig, R.J., 1994:
Risk and the discount rate in forestry. Canadian Journal of
Forest Research-Revue 24(2): 390-397.

Klepac, D., 1961: New management system of uneven aged
forests. Agricultural-Forestry Chamber of NR Croatia, Za-
greb, 46 p.

Knoke, T., 2012: The economics of continuous cover forestry.
In: Continuous Cover Forestry (Pukkala, T. and Gadow, K.
eds.), Springer, 166-193.

Knoke, T., Moog, M., Plusczyk, N., 2001: On the effect of vol-
atile stumpage prices on the economic attractiveness of a sil-
vicultural transformation strategy. Forest Policy and Econom-
ics 2(3—4): 229-240.

Knoke, T., Plusczyk, N., 2001: On economic consequences of
transformation of a spruce (Picea abies (L.) Karst.) dominated
stand from regular into irregular age structure. Forest Ecol-
ogy and Management 151(1-3): 163-179.

Knoke, T., Stimm, B., Ammer, C., Moog, M., 2005: Mixed for-
ests reconsidered: A forest economics contribution on an eco-
logical concept. Forest Ecology and Management 213(1-3):
102-116.

Koch, N.E., Skovsgaard, J.P., 1999: Sustainable management
of planted forests: some comparisons between Central Europe
and the United States. New Forests 17(1-3): 11-22.

Koop, H., 1989: Forest dynamics. Springer Verlag, Berlin,
229 p.

Macdonald, E., Gardiner, B., Mason, W., 2010: The effects of
transformation of even-aged stands to continuous cover for-
estry on conifer log quality and wood properties in the UK.
Forestry 83(1): 1-16.

Malcolm, D.C., Mason, W.L., Clarke, G.C., 2001: The transfor-
mation of conifer forests in Britain — regeneration, gap size
and silvicultural systems. Forest Ecology and Management
151(1-3): 7-23.

Mason, W., Kerr, G., 2004: Transforming even-aged conifer
stands to continuous cover management. Forestry Commis-
sion Information Note 40, Edinburgh.

Mati¢, S., 1989: The intensity of thinning and its impact on the
stability, productivity and regeneration stands of oak. Glasnik
za Sumske pokuse 25: 261-278.

Mati¢, S., Orsanié, M., Ani¢, 1., 1996: Some characteristics and
problems of Silver fir (Abies alba Mill.) selection forests in
Croatia. Sumarski list 120(3—4): 91-99.

McMahon, J.P., 1999: International expectations for sustain-
able forestry: a review from US forest industry. New Forests
17:329-338.

Mestrovié, S., 2001: Managing forests of silver fir. In: Silver Fir
in Croatia (Klepac, D. ed.), Academia scientiarum forestar-
iarum, Zagreb, 548-560.

Mikac, S., Klopf, M., Ani¢, I, Hasenauer, H., 2013: Using the
tree growth model MOSES to assess the dynamics of Dinaric
old-growth mixed beech-fir forest ecosystems. Plant Biosys-
tems 147(3): 664-671.

Mlinsek, D., 1996: From clear-cutting to close-to-nature silvi-
culture system, IUFRO News 25(4): 6-8.

Navarro, G.A., 2003: A Re-examing the theories supporting
the so-called Faustmann Formula. In: Recent Accomplish-
ments in Applied Forest Economics Research (Helles, F.,
Strange, N. and Wichmann, L. eds.), Kluwer Academic Pub-
lishers, Dordrecht/Boston/London, 19-38.

Nenadi¢, D., 1922: Calculating forest value and forest statics.
Croatian Forestry Society, Zagreb, 423 p.

Nenadi¢, D., 1929: Forest management. Tisak zaklade tiskare
Narodnih novina u Zagrebu, Zagreb, 302 p.

O’Hara, K.L., 2001: The silviculture of transformation —a com-
mentary. Forest Ecology and Management 151(1-3): 81-86.

OG, 140/2005: Forest law. Official Gazette 140/2005.

Peterken, G.F., 1996: Part I: Definitions, significance and sur-
vival, Part II: Temperate and boreal natural forests. In: Natural
Woodland: Ecology and Conservation in Northern Temperate
Regions (Peterken, G.F. ed.), Cambridge University press,
Cambridge, 227 p.

Pommerening, A., 2006: Transformation to continuous cover
forestry in a changing environment. Forest Ecology and Man-
agement 224(3): 227-228.

Croat. j. for. eng. 39(2018)2

311



Karlo Beljan et al. Economic Consequences of Different Management Approaches to Even-Aged Silver Fir Forests (299-312)

Pretzsch, H., Biber, P., Dursky, J., Gadow, K., Hasenauer, H.,
Kéndler, G., Genk, G., Kublin, E., Nagel, J., Pukkala, T., Skovs-
gaard, ].P.,, Sodtke, R, Sterba, H., 2002: Recommendations for
standardized documentation and further development of for-
est growth. Forstwissenschaftliches Centralblatt vereinigt mit
Tharandter forstliches Jahrbuch 121(3): 138-151.

Price, C., 1997: A critical note on a long-running debate in
forest economics. Forestry 70(4): 389-397.

Price, C., 2002: The economics of transformation from even-
aged to uneven-aged forestry. In: Recent Accomplishments in
Applied Forest Research (Helles, F., Strange, N. and Wich-
mann, L. eds.), Kluwer academic Publishers, Dordrecht/Bos-
ton/London, 3-17.

Price, C., 2012: Normal forest structures and the costs of age-
class transformation. In: Scandinavian Forest Economics
(Toppinen, A., Karppinen, H. and Kleemola, K. eds.). Scandi-
navian Society of Forest Economics, Helsinki, 237-238.

Price, M., Price, C., 2006: Creaming the best, or creatively
transforming? Might felling the biggest trees first be a win-
win strategy? Forest Ecology and Management 224(3): 297-
303.

Pukkala, T., Lahde, E., Laiho, O., 2010: Optimizing the struc-
ture and management of uneven-sized stands of Finland.
Forestry 83(2): 129-142.

Received: November 9, 2017
Accepted: March 7, 2018

Remes, J., 2006: Transformation of even-aged spruce stands
at the School Forest Enterprise Kostelec nad Cernymi lesy:
Structure and final cutting of mature stand. Journal of Forest
Science 52(4): 158-171.

Salim, E., Ullsten, O., 1999: Our forests, our future: Report of
the World Commission on Forests and Sustainable Develop-
ment, 38 p.

Schiitz, ].P., 2001: Opportunities and strategies of transform-
ing regular forests to irregular forests. Forest Ecology and
Management 151(1-3): 87-94.

Snowdon, P., Harou, P., 2013: Guide to economic appraisal of
forestry investments and programmes in Europe. Forestry
Commission, 31 p.

Steinmetz, P., 2003: MOSES 3.0. Forest growth modelling soft-
ware — User manual, 19 p.

Safar, J., Hajdin, 7.,1954: The problem of silver fir expanding
avlreal at the hilly area between the Sava and Drava river.
Sumarski list 78(9-10):486—495.

Teslak, K., Vedris, M., Gasparovi¢, M., Zunié, M., Jura, C,
2016: Stand regeneration characteristics of beech and fir for-

ests in Gorski Kotar region. South-east European forestry 7(2):
99-108.

Vukeli¢, M., 2000: Osvrt na obnovu prirodnih Suma. Sumarski
list 124(3—4): 227-230.

Authors” addresses:

Karlo Beljan, PhD. *

e-mail: kbeljan@sumfak.hr

Assoc. prof. Stjepan Posavec, PhD.
e-mail: sposavec@sumfak.hr

Prof. Jura Cavlovi¢, PhD.

e-mail: jecavlovic@sumfak.hr

Assist. prof. Krunoslav Teslak, PhD.
e-mail: kteslak@sumfak.hr
University of Zagreb

Faculty of Forestry

Department of Forest Inventory and Management
Svetosimunska 25

10000 Zagreb

CROATIA

Prof. Thomas Knoke, PhD.

e-mail: knoke@tum.de

Technische Universitat Miinchen (TUM)

Institute of Forest Management

School of Life Sciences Weihenstephan

Department of Ecology and Ecosystem Management
Hans-Carl-von-Carlowitz-Platz 2

85354 Freising

GERMANY

* Corresponding author

312

Croat. j. for. eng. 39(2018)2



