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Abstract: The objective of the article was to model the economic efficiency of coppice and compare it
with that of an oak high forest (primarily for the territory of Kfivoklatsko Forest Park). The model
calculations were based on actual expenses and revenues from the area of interest to the maximum
possible extent. The calculations included methods both with time factor (dynamic methods, namely
the method of net present value) and without time factor (static methods). For the area of Kfivoklatsko
Forest Park, the examined data showed that the economic efficiency of coppice could be greater than
that of high forest or over-mature coppice.
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1. Introduction

The advantage of the area of K¥ivoklatsko is that it remained almost untouched by the Neolithic
revolution. Thus, it can be presumed that natural forests were preserved there as long as until the
Early Middle Ages. The first colonization of the area took place in the 13th century, but only along
watercourses and old roads. By then, a large part of the area was already protected as of the prince’s
and later the King” hunting district [1]. As for the ownership, the area of K¥ivoklatsko was divided
into two dominions: K¥ivoklatsko and ZbiroZsko. Originally owned by the King, the dominion
of Krivoklatsko was sold to The House of Waldstein in 1685 and was passed on to the House of
Fiirstenberg by marriage in 1735. Since 1992, the territory has been administered by Lesy Ceské
republiky (State Enterprise). The dominion of ZbiroZsko was purchased by the Colloredo-Mannsfeld
family in 1879. Since then, the family has been managing the territory, except for years 1948-1992,
when the territory was administered by the State through the Forest State Enterprise, national fisheries,
and agricultural cooperatives [2]. The industrial revolution of the late 18th and early 19th century
mainly led to the development of steel, metallurgical, and glass industry in the region. With its large
iron ore deposits, ample water sources, and deep forests, K¥ivoklatsko was an important industrial
area. As a result, it is sometimes referred to as the cradle of the Czech iron and steel industry [3].
Historically, there were mainly mixed forests. The predominating woody plant was oak accompanied
by limes and birches. The quality of oaks declined over time. Around 1800, there are said to have
been low-grade standard trees or poor-quality undergrowth [4]. The years 1750 through 1850 saw a
loss of oaks and limes, followed by an important decrease in beeches and firs. Mixed forests were
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replaced with purely coniferous monocultures, mainly with pure pine or larch plantations, but also
with pure spruce forests. Forest management then concentrated on transforming coppice forests, the
traditional form of management, to high forests, which resulted in further reductions in the portion of
broadleaf trees in the overall species composition. In the second half of the 19th century, the economic
importance of oak felling dropped to its minimum. The proportional representation of broadleaf
plants amounted to up to 10% [4]. It was not until the 1920s when the proportional representation of
oak started to slowly increase, as can be supported by several authors (e.g., References [4-7]). The
management of coppices, i.e., of forest stands mainly originating from the sprouting (vegetative) ability
of woody plants, was traditionally used throughout the territory of the Czech Republic over hundreds
of years. This management was characterized by intensive felling of stands aged 7—40 years [8]. Trunks
were cut, preferably the nearest to the ground possible and during the dormancy. During the next
growing season, stumps (also known as stamp heads) or roots and trunks automatically started to grow
secondary trunks called sprouts. Coppice wood of up to 40 years of age shows very intensive growth
and production thanks to nutrient reserves cumulated in the roots (as compared to a high forest of the
same woody plant of seed origin growing in the same site). However, coppice forest management was
gradually abandoned during the late 18th and whole 19th century due to economic reasons and coppice
forests were transformed into high forests [9]. This was done through tending felling or generative
regeneration of coppices, i.e., by their felling and replacement by means of planting mainly coniferous
species of woody plants (spruces, pines, and larches). In the places where the conversion of coppices
into high forests was not economically beneficial, the coppice forests were left unattended. This led to
the formation of over-mature coppice forests, which persist in some places (e.g., References [10,11]).

It is crucial for a comparison of these different management systems whether the time factor is
considered or not because of the length of the economic cycle (rotation period). In the case of the
school of highest net forest yield, a forest is seen as something that has been around since ancient
times and has been passed down through generations. A forest owner annually (periodically) takes
some benefit from the forest and invests some costs in it while achieving annual regular and balanced
profit. If the management is good, a forest does not lose its value since only the annual increment is
felled while all silvicultural operations are performed. The next generation inherits the forest in the
same condition as the previous one, so no high one-off investments are necessary. Another important
aspect is that forests are not seen as investment projects. There are no start-up costs related to the
acquisition of forests. Therefore, the calculations disregard the time factor (interest rate), which would
normally express the cost of time of return on the investment. This school, however, requires several
fundamental prerequisites to work. Above all, the forest estate must be sufficiently large to allow for
balanced management. Regarding age classes, a “standard proportional representation” of age classes
is required. The school of highest net land yield adopts a completely different approach. It sees a forest
as an investment project. The interest rate and the length of a production cycle (rotation period) are
crucial for the calculations that take into account the time factor. Investments into forests are often
negative with longer rotation periods (ca over 100 years) and with the interest rate of approximately
3% or more. If a forest is purely seen as an investment project, such an investment should be rejected,
or the investor should accept a lower interest rate.

These days, climate changes lead to reflections on the need of finding and employing functional
forest management adaptation measures capable of effective elimination of the anticipated negative
effects of global climate changes, as can be supported by several authors (e.g., References [12,13]).
Climate change models predict an increase in temperature from 2.3 to 5.3 °C in central Europe in the
21st century Europe, accompanied by roughly a half of the total rainfall during spring and summer [14].
Thus, the focus of forest management on growing mixed stands with oak would likely be beneficial
for the area of Kfivoklatsko in the future. The question is which management system or systems
should be adopted for forest regeneration and management? The possibilities include the traditional
method of managing coppice or over-mature coppice forests as well as typical high forest management,
which is the most widespread in the area. This article works with the hypothesis that economically,
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the most beneficial method of forest stand management in the given area is currently the high forest
management [15]. This article aims to either confirm or reject this hypothesis, particularly from the
economic perspective. We assume that the contribution will be an inspiration and guidance on how to
manage the expected negative effects of climate change in Central Europe in areas with predominant
winter oak.

2. Materials and Methods

2.1. Characteristics of the Analyzed Area

Ktivoklatsko Forest Park (LP K¥ivoklatsko, Czech Republic) covers the area of the natural forest
area of Kiivoklatsko and Cesky kras and extends over the surface area of approximately 17,000 ha. The
area lies about 60 km to the southwest of the City of Prague (red point on the map). Figure 1 shows the
exact geographic location of the interest area in which the research was carried out.

Figure 1. Geographic location of the interest area (green area on the map) of Kfivoklatsko
(Czech Republic).

LP Ktivoklatsko was established in 2010 when the founding owners decided to manage the area
in line with the so-called forest park standard [2,16] in the future. It can be said that a large part (about
two thirds) of the respective area is administered by the State (Lesy Ceské republiky, State Enterprise),
while a smaller part is managed by private subjects (by the Colloredo-Mannsfeld family in particular).
The average annual temperature in the area fluctuates between 7.1 and 8.8 °C, and the average annual
precipitation is 480-617 mm, or 320-380 mm during the vegetation period [4]. An overview of the
current composition of commercial woody plant species is provided in Table 1. It shows that broadleaf
species (oak and beech) prevail in the woody plant composition. The most widespread coniferous
woody plant is spruce.

Table 1. Current woody plant composition of the area of Kfivoklatsko LP in % [4].

Woody Other Conifers Other Broadleaf

Plant Spruce Pine Larch Fir Conifers Total Oak  Beech Hornbeam Broad'leaf Species
Species Total
Conifers 27 9 9 1 1 47 - - - - -
Broadleaf ) ) ) ) } ; 18 18 3 9 53

species
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2.2. Work Methodology

In the course of history, two basic approaches (so-called schools) have arisen, which conceive the
benefits of forest (revenues) and deposits in it (costs) in terms of calculations quite differently. The
authors come out from the “School of the highest net yield from the soil” when the forest is understood
as an investment project. The basic international method that is used to assess the effectiveness
of investments in the calculation of the net present value of the investment (NPV), which works
with a time factor. The evaluation of profitability (NPV) is based on the prediction of monetary
expenditures and income from the investment, not on estimates of accrued (accounting) costs and
revenues. Investments are assessed through three criteria: return on investment, risk, and repayment
(liquidity) of the investment. In calculating that take into time-factor, interest rates and the length
of the production cycle (rotation period) play a crucial role. At a higher rotation period (over about
100 years) and interest rates of about 3% and above, investment in forests often results in a negative
outcome. If we consider a forest as a pure investment project, such an investment should be rejected,
or the investor would have to settle for a lower interest rate.

The modeling of cost and revenue of the management systems of oak coppice, high oak forest,
and over-mature oak coppice took actual economic figures achieved in the area of LP Ktivoklatsko in
2008-2017 as its basis. Complete lists of cost and revenue items performed in the individual forest
stands were available. The economic efficiency of the compared management systems was evaluated
using the calculation of net present value (NPV).

The general Formula (Formula (1)) for the NPV calculation can be expressed as follows:

= Pt = Nt
NPV =SHP-SHN =Y ———-Y" : )
=1+t = (1+i)t

where: NPV—net present value of the investment, f—individual decennia, SHP—present value
of revenue, SHN—present value of costs, P—revenue, n—total time (regeneration), N—costs, and
i—interest rate.

The following six options of oak stand management were evaluated and compared:

High forest—with a game-proof fence,

High forest—without a game-proof fence,

Over-mature coppice—with a game-proof fence,
Over-mature coppice—without a game-proof fence,
Coppice—site interclass I/I [16], with a game-proof fence,

AN L R e

Coppice—site interclass I/II [16], without a game-proof fence.

The input data for the evaluation of economic efficiency of the individual examined options are
provided in Tables 2—4. Only the options without a game-proof fence are provided due to the extensive
nature of the data. Should the variants with the game-proof fence also be considered for all the three
compared variants, the costs would rise in each variant by CZK 94,000 (approximately $3760 USD) in
the age class L.
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Table 2. Variant: Oak high forest without game-proof fence.

(‘;ge Stand Age Tim.e Since Action Unit Quantity Costs . Costs (CZK Revenue's Rev.enues
ass (Years) Beginning (Years) (CZK/Unit) Total) (CZK/Unit)  (Total in CZK)
1 1-10 1 *1 ths. 10.000 8936 89,360 - -

1 1-10 1 *2 ha 1.00 4329 4329 - -
1 1-10 1 *3 ha 1.00 9474 9474 - -
1 1-10 2 *4 ths. 5.000 10,087 50,435 - -
1 1-10 2 *2 ha 1.00 4329 4329 - -
1 1-10 2 *3 ha 1.00 9474 9474 - -
1 1-10 3 *2 ha 1.00 4329 4329 - -
1 1-10 3 *3 ha 1.00 9474 9474 - -
1 1-10 4 *3 ha 1.00 9474 9474 - -
1 1-10 5 *3 ha 1.00 9474 9474 - -
1 1-10 6 *3 ha 1.00 9474 9474 - -
209,626 0 0
11-20 15 *5 ha 1.00 5525 5525 - -
2 11-20 15 *6 km 0.50 3184 1592 - -
7117 0 0
3 21-30 25 *7 m3 13 216 2808 548 7124
2808 548 7124
4 31-40 35 *7 m3 20 211 4220 520 10,400
4220 520 10,400
5 41-50 45 *8 m3 20 170 3400 523 10,460
3400 523 10,460
6 51-60 55 *8 m3 21 203 4263 562 11,802
4263 562 11,802
7 61-70 65 *8 m3 20 125 2500 636 12,720
2500 636 12,720
8 71-80 75 *8 m3 19 119 2261 643 12,217
2261 643 12,217
9 81-90 85 *8 m3 18 108 1944 1207 21,726
1944 1207 21,726
10 91-100 95 *8 m3 19 118 2242 1553 29,507
2242 1553 29,507
11 101-110 105 *9 m3 0 98 0 1586 0
0 1586 0
12 111-120 115 *9 m3 0 98 0 1586 0
0 1586 0
13 121-130 125 *9 m3 44 70 3080 1663 73,172
3080 1663 73,172
14 131-140 135 *9 m3 98 84 8232 1736 170,128
8232 1736 170,128
15 141-150 150 *9 m3 268 93 24,924 1759 471,412
15 141-150 150 *10 m3 268 52 13,936 - -
15 141-150 150 *11 ha 1.00 4685 4685 - -
43,545 1759 471,412

Legend: *1 Artificial regeneration—first planting of oaks in a clearing; *2 Protection of plantations against forest
weed—chemically over the entire area; *3 Protection of plantations against forest weed—mechanically over the entire
area; *4 Artificial regeneration—repeated planting of oaks; *5 Thinning of broadleaf plants; *6 Access—skidding
trail; *7 Tending felling from thinning up to 40 years of age; *8 Tending felling from thinning over 40 years of
age; *9 Regeneration felling for artificial regeneration *10 Slash cleaning—heaping up; *11 Site preparation for
regeneration—fine cleaning.
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Table 3. Variant: Oak over-mature coppice without game-proof fence.

6 of 15

Age S;and Tim? Si‘n ce . . . Costs COStS. Revenues Revenu}es
Class ge Beginning  Action Unit Quantity (CZK/Unit) (Total in (CZK/Unit) (Total in
(Years) (Years) CZK) CZK)
1 1-10 1 *1 ha 1.00 4329 4329 - -
*2 4329 0 0
2 11-20 15 *3 ha 1.00 5525 5525 - -
2 11-20 15 *4 km 0.50 3184 1592 - -
7117 0 0
3 21-30 25 *4 m? 35 723 25,305 1250 43,750
25,305 1250 43,750
4 31-40 35 *4 m?3 26 723 18,798 1250 32,500
18,798 1250 32,500
5 41-50 45 *5 m?3 21 610 12,810 1250 26,250
12,810 1250 26,250
6 51-60 55 *5 m?3 19 470 8930 1250 23,750
8930 1250 23,750
7 61-70 65 *5 m3 17 386 6562 1250 21,250
6562 1250 21,250
8 71-80 75 *5 m3 15 302 4530 1250 18,750
4530 1250 18,750
9 81-90 85 *5 m? 14 243 3402 1250 17,500
3402 1250 17,500
10 91-100 95 *5 m? 14 243 3402 1250 17,500
3402 1250 17,500
11 101-110 105 *5 m?3 0 243 0 1250 0
0 1250 0
12 111-120 115 *5 m3 0 243 0 1532 0
0 1532 0
13 121-130 125 *5 m?3 31 243 7533 1532 47,498
7533 1532 47,498
14 131-140 135 *5 m? 68 243 16,524 1532 104,190
16,524 1532 104,190
15 141-150 150 *6 m? 182 225 40,950 1673 304,541
15 141-150 150 *7 m? 182 52 9464 - -
15 141-150 150 *8 ha 1.00 4685 4685 - -
55,099 1673 304,541

Legend: *1 Protection of plantations against forest weed—chemically over the entire area; *2 Thinning of broadleaf
plants (sprout singling); *3 Access—skidding trail; *4 Tending felling from thinning up to 40 years of age;
*5 Tending felling from thinning over 40 years of age; *6 Regeneration felling for artificial regeneration; *7 Slash
cleaning—heaping up; *8 Site preparation for regeneration—fine cleaning.

In order to objectively compare the economic efficiency of coppice and high forest or over-mature

coppice, it was necessary to employ models but with the use of actually achieved prices of silvicultural
and felling operations and actual exercise prices of timber. The rotation period of 150 or 40 years used
in the area was employed in the case of high forest and over-mature coppice. The net present value
with the interest rate of 1% and 2% was calculated, as well as the difference between costs and revenues
for the period of 150 years. The rotation period of 150 years was used in options 1 through 4. Options
5 through 6 (coppice) were calculated with the rotation period of 37.5 years (4 x 37.5 years = 150 years
of a high forest). Forest growth tables were used in the case of coppice forests as there are currently no



Forests 2020, 11, 447 7 of 15

coppices managed in the area of LP K¥ivoklatsko. The tables were analyzed for their compliance with
the figures of actually achieved over-mature coppice stock in the area of LP K¥ivoklatsko to assess
their appropriateness for the application to oak coppice. Therefore, the values of hectare growing
stock of over-mature coppice were classified according to the scale of available coppice tables (e.g.,
References [16,17]). Since the tables only include values of stocks with the stand age of up to 80,
the curves of the individual site indexes in the respective tables were extrapolated as you can see in
Figure 2. The extrapolation was performed using the generalized Chapman-Richards function [18], as
in Formula (2):

y=ax (1 - e_bxx)c (2)

where: y—explained variable, e—natural logarithm with the base in Euler’s number, x—independent
variable (age), and a, b, c—regression coefficients.

Standing volume [m3/ha]

100

Age class [tens of years)

——Overmature coppice  —— Coppice Korsuiis yield tables -~ Extrapolated  —— High forest

(a)

400

300

Standing volume [m3/ha]

200

150

Age class [tens of years]

—— Overmature coppice

Coppice Rehik's yield tables - Extrapolated —— High forest

Figure 2. Comparison of site index curves according to Korsur (a) and Rehék (b) of real values of
actual hectare stock of over-mature oak coppices and high oak forests in LP K¥ivoklatsko.
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Table 4. Variant: Oak coppice forest, without game-proof fence.

Age S[t:nd Tim‘e Si.n ce . . . Costs COSt% Revenues Revemfes
Class ge Beginning  Action Unit Quantity (CZK/Unit) (Total in (CZK/Unit) (Total in
(Years) (Years) CZK) CZK)
1 1-10 1 *1 ha 1.00 4329 4329 - -
4329 0 0
2 11-20 15 *2 ha 1.00 5525 5525 - -
5525 0 0
4 31-40 37.5 *3 m?3 173.5 470 81,545 1250 216,875
81,545 1250 216,875

Legend: *1 Protection of plantations against forest weed—chemically over the entire area; *2 Thinning of broadleaf
plants (sprout singling); *3 Regeneration felling.

The site index of Rehak’s tables lies outside the values of the actual stock of over-mature coppices
and high forests in LP K¥ivoklatsko. The situation is different in the case of Korsuri’s tables. The values
of over-mature coppices are linked to the interclass I/II according to Korsuii's tables, see Figure 2. As
there are no actively managed coppices in the interest area, a volume yield of interclass I/II according
to Korsuii’s tables [16] was used for coppices. For the high forest and over-mature coppices, actual
oak growing stock achieved in the given area until the rotation period (150 years) was used. The
calculations did not take account of the smallwood volume and branch biomass, also because the
market with these raw materials is highly unstable and depends on support from the State (subsidies)
and current prices of other fuels to a large extent.

3. Results

The results of the comparison of the individual options of oak stand management in the territory
of LP K¥ivoklatsko are presented in Figure 3 below.

600,000

500,000

400,000

300,000

200,000

100,000

0,000
igh forest

Oak High forest Oak overmature Oak overmature Oak coppice I I Oak coppice I_II
with game-proof ~ without game- coppice with  coppice without with game-proof without game-
fence proof fence  game-proof fence game-proof fence fence proof fence

CZK

-100,000

-200,000

-300,000
B NPV for the period of 150 years (i= 1 %) (CZK)

NPV for the period of 150 years (i=2 %) (CZK)

B Difference between costs and revenues (the period of 150 years) (CZK)

Figure 3. Economic comparison of oak stand management options in LP K¥ivoklatsko.

The results indicate that when the time factor is not incorporated into the calculation, the model of
a high oak forest without game-proof fence is the most beneficial from the economic perspective, with
535,430 CZK/ha. The oak coppice without game-proof fence in the interclass I/II (without the effect of
game) shows almost the same value, with 501,904 CZK/ha. To the contrary, the least beneficial model
is the oak coppice with game-proof fence of the interclass I/II (126,960 CZK/ha). Calculating the net
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present value of the investment with the interest rate of 2%, the most beneficial option is the coppice
without game-proof fence of interclass I/II (225,497 CZK/ha) and the least beneficial one is the high
forest with game-proof fence (216,979 CZK/ha). The use of over-mature coppices without game-proof
fence also seems to be interesting from the economic point of view (NPV of 53,633 CZK/ha with i = 2%).

Figure 4a—f shows the courses of costs and revenues for the entire rotation period for the individual
examined options (without taking into account the time factor). The point where the curve of the sum
of revenues and costs since the stand establishment intersects the x-axis shows the age of the stand at

9of 15

which the costs and revenues are balanced. A stand starts to be profitable at that point.

M Costs I Revenues —Sum

250,000 250,000 4 M Costs "Revenues —Sum
200,000 - 200,000 4
150000 1 150000
100,000 - 0000
4 y 100
N 50000 - N
0] U 50000 -
0,000 ~
450,000 - 0,000 —
i 1 2 3
-100,000 - -50,000 4
150,000 ) 100,000 )
Age class (decennium) Age class (decennium)
(a) (b)
500,000 4 mm Costs Revenues =——Sum 600,000 4 mm Costs Revenues —Sum
500,000 -
400,000 -
v v 300,000 -
N N
o O 200,000
100,000 -
7 8 9 10 11 12 13 14
0,000 -
1 2 3 4 5 6 7 8 9 1011 12 13 14
-100,000 -
Age class (decennium) Age class (decennium)
(c) (d)
600,000 - mm Costs Revenues —Sum 600,000 - M Costs Revenues —Sum
500,000 500,000 -
400,000 400,000
300,000 4 300,000 -
v 200,000 1 2 200,000
N 100,000 - N
“ oo | =m0 QRO 100004
200000 1l 2 3 4 5 6 7 8 9 1011 12 13/14 15 0,000 +
-200,000 - -100,000 -
-300,000 -200,000 -
-400,000 - 300,000 -

Age class (decennium)

Age class (decennium)

(e)

(f)

Figure 4. Course of costs and revenues through the whole rotation period for the individual examined

variants (without regard to time factor). (a) Course of costs and revenues—coppice I_II with game-proof
fence, (b) course of costs and revenues—coppice I_II without game-proof fence, (c) course of costs and
revenues—over-mature coppice with game-proof fence, (d) course of costs and revenues—over-mature

coppice without game-proof fence, (e) course of costs and revenues—high forest with game-proof fence,

(f) course of costs and revenues—high forest without game-proof fence.
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The above-mentioned results also show a considerable influence of costs of the forest protection
against damages caused by game on the overall economy of the management. In the calculations
involving the time factor, this is further amplified by the necessity to take these protective measures
at the beginning of the production cycle and hence, by very long-term interest rates applied on the
transferred capital over the entire rotation period. Moreover, the results suggest that with better site
indexes, the economic efficiency of coppice could be better than that of high forest or over-mature
coppice. With the interclass I/II [16] of the option without game-proof fence, the calculated difference
between costs and revenues of four rotation periods of 37.5 years is 501,904 CZK/ha. This option
achieved the second-best result of all the six examined options and the very best in the case of
calculations involving the time factor. With i = 1%, the value of NPV for four rotation periods is
337,226 CZK/ha, with i = 2%, the result is 225,497 CZK/ha. The results for coppice with game-proof
fence are much worse. The difference between costs and revenues is only positive with the coppice
without time factor [16] (126,960 CZK/ha). The calculations including time factor [16] with i = 2%
reached negative values (114,102 CZK/ha). Consequently, coppice cultivation is only economically
viable in the case of better site indexes or at localities with reasonable cloven-hoofed game population,
where a game-proof fence is not necessary, or in the case of adopting other means of protection against
damages caused by game.

Another economically interesting alternative could be the cultivation of over-mature coppices. The
biggest advantage, in this case, is the very low costs on establishing new stands. Only the option with
game-proof fence and i = 2% reached a negative level (-31,267 CZK/ha). The difference between costs
and revenues in the case of the option without game-proof fence is 483,138 CZK/ha. The calculations
for high forests involving the time factor generally reached negative values. This was mainly due
to the high initial costs of establishment and potential protection of the new stand as well as due to
the relatively long rotation periods (150 years in the case of the examined options). Both options of
high oak forest cultivation (with and without game-proof fence) reached negative values, with both
i=1% and i = 2%. In the case of the option with game-proof fence, the revenues less the costs are
441,694 CZK/ha, while without game-proof fence, they are 535,430 CZK/ha.

4. Discussion

This article compared the economic efficiency of forest management systems in the case of forest
stands with a predominance of sessile oak in the territory of K¥ivokldtsko Forest Park. A major
challenge is the anticipated negative effects of climate changes on the forest stands in the Czech
Republic (e.g., References [12,19]). Although management of oak in the Czech Republic might appear
beneficial for the future [20], the question is, which management system or combination of management
systems shall be used for the said purpose in the examined area? It is possible to say that today’s forest
stands with a predominance of sessile oak are a result of the transformations of coppices into high
forests in the form of over-mature coppices exercised in the past or of intentional forest regeneration
that gave rise to high forests. These days, there are no actively managed coppices in the area. Coppices
and their economic comparison with other management systems were included into the study to
introduce the results of studies on the potential effectiveness of the use of coppices with regard to the
anticipated negative effects of global climate changes, to drought in particular.

Results of studies (e.g., References [21-24]) suggest that coppice is a promising forest management
adaptation alternative with a better adaptation strategy at extreme localities, mainly in conditions with
limited availability of water. However, the observed advantage probably lasts only during the first
two decades and then gradually declines [21]. This fact (if generally confirmed) could substantially
limit the recommendation for the use of coppices in a normal forestry operation. Nevertheless, it will
probably not apply to very extreme and drying sites.

Interesting results were produced by a study concentrated on the relation between climate and
growth of over-mature oak coppices and high forests [24]. The results show a positive effect of
precipitation during the period from May to April on trees of both generative and vegetative origin.
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The temperatures of the previous autumn and June of the given year seem to negatively correlate
with the radial increment of coppice forests in a statistically significant way. Nevertheless, trees from
generatively propagated stands showed higher sensitivity to drought (in comparison with over-mature
coppice). During the 20th century, they also tended to increase the radial growth thanks to higher
temperatures of the previous autumn. The authors of the study believe that the positive effect of
warmer autumns, which was confirmed in high forests, could be linked to a prolonging growing
season. This could signify an improved capacity to adapt to the forthcoming warmer environment.
This fact (if generally confirmed) would considerably favor high forests against over-mature coppice.

The growth and yield prediction, as well as the economic assessment of coppice presented in this
paper, was done with the help of growth tables for oak coppices, called Korsuii’s tables [16], which were
historically used for the given purpose in the territory of the Czech Republic. Apart from those, other
tables were also used, such as Korsuit’s tables as adjusted by Rehak [17]. It should be noted that there
is no officially approved growth chart in the Czech Republic these days to be used for coppice forests.

The determination of the expected forest yield, i.e., of the utility value, requires an appropriately
set interest rate. However, setting the interest rate for forest valuation is a difficult task. The main
reason is that the rate is not determined by revenues and market forces only, but that other factors also
apply which are specific for this type of asset [25]. There are several different schools in setting the
proper interest rate. In various publications, its value ranges from 0% to 8%, which is a wide range
from the perspective of forest asset valuation. Besides, the purpose of valuation matters. For example,
supporters of the net land yield method have long been trying to enforce the interest rate for forest
management of 3% as a generally valid interest rate for calculations [26]. In the Czech Republic, the
interest rate of 2% is generally used for all groups of woody plants [27]. For example, several authors
(e.g., References [28-30]) mention the use of other interest rates in forest management.

As for the economy of coppices, they dominated the specter of forest management systems over
a long period and were profitable under the conditions that were used then [31]. Yet, the scale of
utilities covered by forests was considerably wider in those days and, consequently, the possibilities to
apply the findings about their profitability to today’s forests is limited. From today’s point of view,
historical materials can rather provide us with a summary of the advantages of coppices with a link to
the economy of management, including a better-balanced management thanks to a shorter production
period and hence earlier “harvest”, lower costs in comparison with high forests, and minor production
risk levels [32]. No firm conclusions regarding the profitability of such forests can be established due
to their absence in the Czech Republic. The few sources dealing with this issue include papers that
compare coppice (or medium forest) as an economic alternative with other types of management (e.g.,
References [33,34]). However, the results of those studies differ based on the local conditions regarding
sales or growth, as can be supported by several authors (e.g., References [35-40]).

Unfortunately, there are only a few sources [41], which could provide us with information that
could help answer the question of which of the examined forest stand management systems can be used
for the specific area. It is probably linked with the historical departure from the coppice management,
the conversion of coppices to high forests, and with probably more beneficial management of high
forests than of coppices from the economic perspective. The biggest amount of information of
economic nature relates to the conversion of coppices to high forests, for example in the form of
assessed costs linked with the actual conversion procedure (e.g., References [42—-44]), assessments of
conversion productivity (e.g., References [43-45]) or return on investments (e.g., References [46,47]),
and calculations of the resulting financial value of the applied conversion to a high forest [48].

5. Conclusions

Based on the examined options and results, the following facts were found about the area of
LP K¥ivoklatsko:
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e In better site indexes, the economic efficiency of a coppice could be higher than that of a high
forest or over-mature coppice.

e  The option number 6 with the time factor, i.e., coppice—interclass I/II [16], without a game-proof
fence, gives the best results.

e Coppice cultivation is economically viable only in the best site indexes or at localities with
reasonable cloven-hoofed game population, where game-proof fences are not necessary, or where
other means of protection against damages caused by game are used.

e  Cultivation of over-mature coppices might become an economically interesting alternative.

e In the case of high forests, the values reach negative levels (calculations with time factor) due to
the high initial costs of establishment or protection of the new forest stand as well as due to the
use of a relatively long rotation period (150 years in the examined options).

Although the results of this study show that it is economically beneficial for the area of LP
Ktivoklatsko to manage the oak stands in the form of coppices or over-mature coppices, several facts
should be pointed out. Recently, several studies concentrating on the relation between the growth of
high oak stands and the climate were carried out in central Europe (e.g., References [49-51]), as well
as studies pointing out coppice forests as a promising adaptation alternative for extreme localities,
namely in the areas with limited availability of water, as can be supported by several authors (e.g.,
References [21-24]). On the other hand, there are also studies which call the advantageousness of
coppices as an adaptation alternative into question concerning its long-term functioning [21] and
studies which rather favor high oak forests to over-mature coppices because of the changing climatic
conditions [24]. It is obvious that relatively little information is available about the comparison of the
growth of oak coppices, over-mature oak coppices, and high oak forests in the period of the anticipated
future scenarios of climate development. Therefore, we believe that it is necessary to look at the results
of this study from more perspectives than just from the economic point of view.

We see the management of oak stands in the form of coppices or over-mature coppices in central
Europe as a potential alternative to the current method of high forest management, in particular, for
extreme sites with limited availability of water.
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