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Abstract
Background and purpose: Even-aged forests prevail in 
Croatia’s forestry. Rotation period is based mostly on 
natural parameters. In practice, rotation period is given 
by Croatian Rulebook of forest management. Cutting 
age is determined based on inventory data and many 
other stand characteristics. Rotation period is a planned 
time and it always has to be unique for particular tree 
species, and cutting age is the age of a stand at the mo-
ment of the final cut. The aim of the paper is to compare 
rotation period based on economic parameters and ro-
tation period determined by using forest inventory data.
 
Material and methods: Owing to absence of long term 
stand calculation data, research object was taken from 
Forest Management Handbook (1995). Mean annual in-
crement (MAI) and current annual increment (CAI) pro-
vided fundamental data for calculations. The research 
was conducted at one hectare Common Beech (Fagus 
sylvatica L.) stand. Assortment structure and value of 
timber was estimated by the present cutting value meth-
od calculated by using Croatian forests Ltd. Price list for 
the year 2008. Labor costs in forest exploitation were 
also taken into account.

Results and conclusion: In order to achieve cost-effec-
tive management of common beech stands, it is neces-
sary to adjust current optimal rotation period. Optimal 
rotation period should be based on management goals 
as the main factors. So far the most common criterion 
adopted in Croatian forestry has been the rotation of 
maximum sustained yield or maximum Mean annual in-
crement. The presented results indicate that common 
forest management practice should be changed in order 
to achieve cost-effective management of beech stands 
in the future. 
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INTRODUCTION

One of the fundamental questions in forest econom-
ics is when is the best time to harvest a forest stand. 
Forest rotation period is a question of economic goal 
and an essential basis of long-term planning in forestry 
all together, but also in individual units of administra-
tion and management such as forest management ar-
eas, forest industry and forestry [1]. Rotation period 
represents the number of years which have passed 
between the establishment of the stand and its final 
harvesting at the end of regeneration period.

After achieving the management goal the cutting 
of all trees in the same area occurs and stand regen-
eration begins. The optimal rotation refers to optimal 
time for final harvesting (clear-cutting). 

The main issue in optimal rotation is choosing the 
optimal time for final harvesting, followed by refor-
estation and another even-aged stand. In economics, 
these kinds of decisions in general should be made 
based on the forest owner’s optimization behavior. 
Therefore, forest owner should first specify the target 
(or actually choose among three alternative targets): 
(1) maximum sustained yield, (2) forest rent or (3) land 
rent that a forest owner tries to maximize [2].

The debate on the appropriate criteria for determin-
ing the optimal forest rotation is a long-lasting one [3-
5]. The most common criteria [6] adopted in forestry is 
the rotation when stand achieves maximum sustained 
yield or maximum mean annual increment.

The minimal rotation period for even-aged stands 
is prescribed by the Rulebook of forest management 
[7]. For protective forests and forests with special 
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purpose rotation is usually based on physiological 
maturity of the trees. In uneven aged forests cut-
ting age for forest trees is based on tree diameter 
and cutting maturity, i.e. the optimal diameter of 
the tree; when the tree is mature enough to be har-
vested. Cutting maturity means that the age when 
net present value of forest is maximized whereas 
value may include timber and non-timber values.  
This statement refers to mature timber, and not to old 
growth and thinning [8]. The volume of wood to be 
cut should take into account the demand of the mar-
ket, but also the capacity of the forest, whereas there 
is a need to take into account production capabilities, 
along with maintaining or increasing forest stock [9]. 
Determining economically the most advantageous ro-
tation period is an investment problem as well as a for-
est (management) inventory problem associated with 
particular land use [10]. 

Economic rotation of forest stand is achieved when 
the maximum income is reached, i.e., when the most 
valuable timber stocks are produced. Increase in the 
value of growing stock is more stable than the incre-
ment value. Maximum growth value occurs after the 
maximum of the timber value increment. Age of eco-
nomic maturity can be determined by using the tan-
gent drawn from the origin of coordinate system on 
the curve value of growing stock or determine the age 
where the highest possible income would be achieved 
by calculation.

In even-aged forests economic maturity results in 
a very long rotation, especially for those tree species 
whose price increases proportionately with age. In 
case of Pedunculate oak (Quercus robur L.) forest the 
value increases in correlation with the cube of diam-
eter at breast height [11]. As the diameter of elite trees 
increases, the value increases as well or remains con-
stant. This means that Pedunculate oak trees should 
not be cut as long as they are healthy and their value is 
constantly increasing.

In order to ensure sustainable income from a forest 
there is a need to find the answer to how, where and 
when timber should be cut in a forest and how the 
stand would be regenerated. Sustainable yield will be 
acchieved if the forest has not been cut more than its 
annual growth increment.

In this paper we are analyzing whether it is possible 
to determine economic rotation for even-aged forest 
based on natural and economical parameters. Com-
parison between the rotation period used in Croatian 
forestry practice and economic rotation period was 
made.

MATERIAL AND METHODS

Common beech (Fagus sylvatica L.) is the most com-
mon tree species in Croatia, spreading over 744 796 
ha. It takes the highest proportion in the Croatian 
growing stock (36%) [12].

Beech forests are classified according to the man-
agement of forest types for the economic production 
of quality logs (veneer logs, peeling logs and sawing) 
and wood for chemical processing. Even-aged manage-
ment system always gives better round wood than the 
selective one. 

Because of the long production (and rotation) period 
product prices are affected by inflation. Prices of timber 
assortments and labor price are not equal throughout 
the production period (100 years in this case) and it is 
difficult to calculate them precisely. Due to various limi-
tations of long term calculation the assumption of con-
stant prices for products, silvicultural and administra-
tive costs have been used. In calculation, inflation will 
be zero. Thus, the average costs and prices for goods 
and services will be constant over time.

The subjects of the research are 14 common beech 
stands size of one hectare, one per decade. Research 
stands are on first site quality-class managed with 
even-aged management system. The data source was 
Forest Management Handbook from which data on de-
velopment of growing stock, current annual increment 
(CAI) and mean annual increment (MAI) from stand es-
tablishment until the end of the rotation (Table 1) were 
taken. 

Yield tables are used for comparison of real growing 
stock status in a real forest under normal conditions. 
The calculation is made on the basis of an established 
tariff sequence obtained from double-entry tree vol-
ume tables and a height curve. Diameters at breast 
height were measured by total callipering. In the even-
aged stands that are allocated for felling in the follow-
ing ten years, all trees were measured.

Age
Stand 

volume 
(m3/ha)

Current annual 
increment 

(m3/ha/year)

Mean annual 
increment 

(m3/ha/year)

20 100 12.0 5.5
30 185 13.0 7.7
40 254 13.3 9.0
50 310 13.9 9.9
60 367 13.1 10.5
70 419 12.4 10.9
80 469 11.6 11.1
90 516 10.5 11.1

100 557 9.4 11.1
110 591 8.6 10.9
120 618 7.8 10.7
130 637 6.7 10.5
140 646 6.6 10.2
150 654   10.0

TABLE 1
Stand characteristics (CAI- Current Annual 
Increment, MAI- Mean Annual Increment) [13]
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Table 2 
Forest coverage in Croatia (source [8])

For more accurate estimation of wood value data for 
wood above 3 cm was used. By using the CAI and MAI 
data (natural indicators) minimum rotation period is de-
termined. Minimum rotation period was defined when 
the CAI and MAI were equal. In this case it is at the age 
of 85 years. Rotation period should not be shorter than 
prescribed, but it is allowed, in particular circumstances, 
to make the final cut before planned rotation period is 
reached. In Croatia prescribed rotation period for even-
aged Common beech stands is 100 years.

Even though determined minimum rotation period is 
85 years, stand will be cut much later. The reason for 
that lies in the fact that other forest services apart from 
timber are important too, as well as increased value of 
timber if the cutting is postponed. 

The present cutting value method

The economic value of forest can be calculated from 
the selling prices of the timber assortments. In this meth-
od of determining the economic value, forest is consid-
ered as a final product that can be cut and sold imme-
diately. Consequently, this method is often recognized 
in literature [11] as value of forest stand which is cut 
and sold at any age. To determine the value of the stand 
based on the amount of its assortments it is necessary to 
take prices of assortments. Content of assortments must 
be multiplied by current price. Obtained result is the mar-
ket value of the stand. This value is very low for young 
stands and it grows with age of the stand. 

Economic rotation period

Economic rotation period is achieved when the maxi-
mum profit is reached (maximum forest rent), i.e. when 
the stand produces the most valuable timber stocks. In-
crement of growing stock value is more stable than grow-
ing stock volume. Maximum growth of value occurs after 
the maximum growing stock increment volume. Accord-
ing to the equation by the [9, 11, 14] forest rent (r) is:

Age Growing 
stock (m³)

Stand Value 
(EUR)

Thinning 
Value (EUR)

Silvicultural 
costs (EUR/ha)

Administrative 
costs (EUR/ha) Net Value (EUR)

20 100.00 1882.88 610.52 248.63 62.16 2182.61
30 185.00 3483.33 1064.05 433.33 108.33 4005.72
40 254.00 4782.51 1449.82 590.43 147.61 5494.29
50 310.00 5836.93 1543.96 628.77 157.19 6594.93
60 367.00 6910.17 1487.47 565.07 141.27 7691.30
70 419.00 8167.94 1442.55 548.00 137.00 8925.48
80 469.00 9142.64 1345.08 510.98 127.74 9848.99
90 516.00 10058.85 1247.61 450.81 112.70 10742.94
100 557.00 10858.10 1169.63 422.64 105.66 11499.44
110 591.00 11608.81 1158.92 336.00 84.00 12347.73
120 618.00 12139.16 1158.92 336.00 84.00 12878.08
130 637.00 12512.37 1139.27 211.92 52.98 13386.75
140 646.00 12689.16 1139.27 393.64 98.41 13336.38
150 654.00 12846.30

                                 (1)

Where is: (Au)  growing stock value in u-year stand, 
(∑D) sum of values from thinning, (c) silvicultural cost, 
(v) the administrative cost per unit area, (u) forest size 
in hectares. 

The formula gives the annual forest rent per unit 
area, assuming sustainable forest management. Sil-
vicultural and administrative costs culminate at the 
same time as the forest rent.

RESULTS

To estimate current value of forest stands the 
method of the present cut value​​ is used. Using 
data of growing stock with assortment tables and 
price lists, classification ​​by age and worth is made.  
The estimated economic value of the existing growing 
stock and economic value of assortments harvested in 
thinning is presented in Table 2. 

Stand value grows continuously over time. Thinning 
values start decreasing after the age of 60. This is due 
to the positive selection (as one of the causes), where 
we cut the low value trees after the half of the rotation 
period. The best quality trees wait for the end of rotation 
period to be cut.

By using the equation (1) net value is calculated for 
the period between age 20 and age 150. The stand and 
thinning volume was estimated by present cutting value 
method (using assortment tables and stumpage price 
from Croatian forest ltd. for year 2008).  Silvicultural 
costs are calculated by Labor Price List [15] of Croatian 
Forests Ltd. Administrative costs (v) were estimated at 
25% of total silvicultural (biological reproduction) costs 
[16]. Net value is a result of forest rent, which is gener-
ated through sales of timber assortments [17].
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to various biological parameters different methods ex-
ist [18].

A rotation period starts with establishment of the 
forest stand and finishes after several decades, when 
most of the trees are harvested and regeneration of 
the forest stand is achieved. During the rotation peri-
od silvicultural activities generate forest management 
costs. 

From the production point of view, the fact that both 
trees and forests can produce different goods and ser-
vices at the same time is an advantage but poses also 
complex management problems. 

For the research purpose timber production was the 
only management goal (non timber values were ig-
nored). Thus, we have analyzed only one decision, the 
optimal economic rotation, by which forest owner can 
control profitability of timber production.

In order to achieve cost-effective management of 
beech stands, it is necessary to adjust the optimal ro-
tation period. On beech stands in Croatia which are 
managed with even-aged management system the 
planned rotation of 100 years is applied. From eco-
nomic point of view, this is not always acceptable and 
it is necessary sometimes to extend the rotation period 
by 30 years (as in this case), depending on the stand 
conditions. One of many reasons for cutting age not 
being much higher than 100 years is false beech heart-
wood affecting the quality of beech logs [19].

The optimal forest rotation is influenced by pro-
ductivity (quality) of the land, the value of the timber 
produced, the harvesting costs, taxes and administra-
tion costs, forest interest rate and non-timber forest 
products and services. They vary widely in different 
circumstances. Timber prices and harvesting costs are 
most unpredictable variables due to the long produc-
tion period in even-aged forests. Adding nonmonetary 
benefits derived from standing timber will lengthen 
the optimal rotation.

For more accurate calculation of rotation period it 
is necessary to carry out further research on different 
stands.

Economic rotation is the rotation period of time 
when the highest net value is realized. Net value in-
creases since the establishment of the stand, and 
reaches its maximum at the age of 130 years. The most 
important factors affecting the net value are silvicul-
tural costs, administration costs and economic value 
of assortments harvested in thinning.

Calculation of economic rotation period
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FIGURE 1
The highest net value 

According to the calculation of the main parameters 
for value (stand value and thinning value) and forest 
management costs (silvicultural costs and administra-
tive costs) from Table 2 and Figure 1, achieved eco-
nomic rotation is highest at the age of 130 years with 
the amount of 13386.75 EUR net revenue.

CONCLUSIONS
Determining total value of forests, as well as values ​​

of certain functions is necessary for efficient manage-
ment of natural resources and quality of decisions in 
forestry [11]. For valuation of forest stand according 
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