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This paper examines the issue of forecasting growing stock development and
cutting possibilities based on the actual regeneration period of individual
forest stands. These cutting possibilities represent a harvest level that is
sustainable in light of forest stand regeneration. A survey was conducted
using two groups of forest stands taken from the Forest Management Plan
database at the Training Forest Enterprise of the Technical University in
Zvolen, Slovakia. We compare the growing stock and harvest levels
estimated by considering the actural regeneration period with those estimated
by the following indicators of allowable cut: analytical cutting percentage,
empirical cutting percentage, 1/20 of standing volume of forest stands in the
two oldest age-classes and older, and 1/30 of standing volume of forest stands
in the three oldest age-classes and older. The results indicated that cutting
possibilities estimated by considering the actual regeneration period can be
used as the judging criterion for selecting the most suitable allowable
indicator to the target forest management unit. For our experiments, the
empirical cutting percentage outperformed the other indicators on the basis of
suitability of the derived cutting possibilities.

1. Introduction

The prediction of growing stock development, age structure, and cutting

possibilities is an important component of selecting allowable cut indicators for a

particular forest management unit (FMU). The previous method for predicting

growing stock development was based on the expected allowable cut without
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considering some important silvicultural elements, which could influence forest
harvest in Slovakia. Many researchers have tackled on developing a solution to
these problems, and have proposed a new methodology for calculating the expected
growing stock (see Kanka, 1983; Kanka et al., 1983; Gregus, 1989; Marusak, 1998;
Marusak, 1999; Burgan, 2002). The current method uses model increments
represented by the expected growing stock coefficients to predict timber volume
according to age-classes for individual tree species.

In today’s practical forest management planning, forecasting growing stock
development is indispensable for selecting allowable cut (harvesting) indicators.
The current Slovak forestry Act number 453/2006 Coll., related to forest
management and forest protection, stipulates that only one of five possible allowable
cut indicators can be applied, so that the selection method for the indicators needs to
be as objective as possible. The current allowable cut indicators are: (i) analytical
cutting percentage, (ii) empirical cutting percentage, (iii) final mean increment, (iv)
1/20 of timber volume of forest stands in the two oldest age-classes and older, and
(v) 1/30 of timber volume of forest stands in the three oldest age-classes and older.

Prediction of growing stock development and harvest levels determined by
allowable cut indicators plays an important role in selecting the most suitable
indicator. From the practical viewpoint, such an allowable cut indicator that ensures
cutting sustainability and evenness should be selected and used. That is, the selected
indicator should consider the age and growing stock structures in order to maintain
equitable harvest levels over the longest possible period. Practically, when applying
the indicator, the expected timber volume development needs to be favoured. The
initial growing stock markedly affects the harvest level, and the harvest level
conversely affects the expected growing stock. These two variables cannot be
separated, as those expressly depend upon each other. It is commonly noticed that
the analytical cutting percentage and the empirical cutting percentage are the most
suitable for the calculation of the expected timber volume because they provide the
expected harvest level in each age-class separately. Other allowable cut indicators

determine the cutting amount as a whole.
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The calculation of the expected timber volumes and harvest levels in Slovakia
has historically been associated with the analytical cutting percentage. The
analytical cutting percentage, however, assumes 100% cut in the oldest age-classes
whose trees are generally older than the rotation period plus half the regeneration
period, which violates the regeneration rules. Meeting this analytical cutting
percentage is problematic because these age-classes also include forest stands that
cannot be regenerated in the first decennium because of the silvicultural
requirements. In other words, the regeneration of these forest stands would require
two or more decennia in order to satisfy such silvicultural requirements as the
regeneration element width and area cut in the applied silvicultural system and
harvesting criteria.

In the renewal process of the forest management plan, the remaining
regeneration period (RRP) for each forest stand is determined by the number of
years required for regeneration on the basis of the harvesting regime. Based on the
regeneration rules, regeneration has to be completed by the year of the rotation
period plus half of the regeneration period. In theoretical terms, with a rotation
period (RP) of 110 years and a regeneration period (ReP) of 30 years, given 10 years
for one age-class, regeneration has to be completed within the age range from 95 to
125 years. Thus, regeneration starts for forest stands with age 95 years in age-class
10. Since forest stands in age-class 10 are from 91 to 100 years old, they should
have RRP of 25-30 years, while forest stands in age-class 11 should have RRP of
15-20, in age-class 12 they should have RRP of 5-10 years, and those in age-class 13
have RRP less than 5 years. There should not be any forest stands in higher age-
classes (14 and higher in this example). In reality, however there are still some
forest stands remained with RRP over 5-10 years, even in these higher age-classes.

Given the mean regeneration period, it is possible to determine cutting
possibilities in each age-class. This information can also be used to select an
appropriate allowable cut indicator by comparing the derived cutting possibilities
with the planned cutting amount estimated by the selected allowable cut indicator. It

is subsequently possible to decide if the selected allowable cut indicator is feasible
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for FMU.

When the cutting possibilities for FMU become greater than the planned
harvesting level, the harvesting requirement is fulfilled. If there is a large surplus
for the cutting possibilities, the regeneration period must be extended. In the
opposite case, when the planned harvesting level is greater than the cutting
possibilities, the mean regeneration period must be shortened. Otherwise, this could
result in violation of the area cut limits requried by the silvicultural system.

The objective of this work is two-fold; (1) to estimate cutting possibilities based
on the regeneration period established by the actural requiremens from the forest
stand management and (2) to compare the derived cutting possibilities with the
harvest level derived by allowable cut indicators in order to judge which allowable

cut indicator is the most realistic and suitable.

2. Materials and Methods

The development of cutting possibilities using the remaining regeneration period
was assessed in two groups of forest stands, created from the original primary
management group of stands at the Training Forest Enterprise of the Technical
University in Zvolen, Slovakia. The first group represents state-owned forest stands
(3,252.82 ha) and the second group consists of forest stands owned by multiple non-
state owners (919.16 ha). In both cases, the mean rotation period and the
regeneration period are 110 and 30 years, respectively. Hereafter, these stands are
designated by FMU1 and FMU2, respectively. Databases of two groups were
retrieved from the original forest management plan database prepared for the period
1993-2002.

The calculation of cutting possibilities was conducted with the mean value of the
remaining regeneration period calculated for individual forest stands, as specified by
the forest management plan (FMP) on the basis of the established regeneration
procedures. To estimate possible harvest levels easier, let the remaining

regeneration period (o) be expressed in tens of years. By using the mean remaining
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regeneration period, o, for age-class i in period ¢, the corresponding harvest level,
T}, is calculated by,
V,

ti

m o =

s
where V;; is the timber volume from age-class 7 in period #. The mean remaining
regeneration period in equation [1] is the weighted average of RRP, where the target
harvesting area is used as weighting.

The mean remaining regeneration period for the second decennium, (o, ), is
calculated in a similar manner. Only forest stands with the remaining regeneration
period greater than 10 years at the beginning of the first planning period are included
in the calculation. For the third decennium, the mean, (o,; ), is calculated using
forest stands with the remaining regeneration period greater than 20 years. The
mean regeneration period for each planning period is calculated by,

Z T (01] )
[2] 0, =2 fori=1.m, k=t—1

D 9L
j=1

where o, is the mean regeneration period in period ¢ of age-class i, TP, is the
harvesting area of the j-th forest stand in the i-th age class, and o, is the
regeneration period of the j-th forest stand in period 1.

For the purpose of comparison with other allowable cut indicators, the mean

remaining regeneration period in the first three periods, o, , 0, and o, was

i

calculated in the percentage term as in equation [3].

TP
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where p,, is the cutting possibility in period ¢ of age-class i with considering the
regeneration period. In forecasting, it was assumed that age-classes for regeneration
in the second or third decennium would be subject to cutting 1/3 (33%) of the timber

volume in each decennium. Such an age-class in our case was currently age-class 9
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in the second and third decennium, where 0,, = 3 (p,, = 33), 055 = 3 (s, = 33),
and age-class 8 in the third decennium, where 0,, =3 (0,5 =33).

The expected timber volume was calculated through predicting the growing
stock of individual tree species with the corresponding increment percentage
(Marusak 1999, 2001). The harvest levels by other allowable cut indicators were
also predicted. The estimated cutting possibilities from allowable cut indicators
were: (1) analytical cutting percentage (denoted by CP), (2) empirical cutting
percentage (denoted by ECP), (3) 1/20 of the growing stock of forest stands in the
two oldest age-classes and older (denoted by 1/20), and (4) 1/30 of growing stock
forest stands in the three oldest age-classes and older (denoted by1/30). Note that
prediction by these indicators did not consider incidental harvesting due to difficulty

of objectively determining it within FMU.

3. Results
3.1. Assessing the share of regeneration periods in mature age-classes

Table 1 shows the number and area of forest stands with respect to RRP and
age-class in FMUI. The total of 88 stands was considered as mature (older than
age-class 10), and it covered 522.50 ha. Only 18 forest stands out of them covered
173.31 ha (33%) (expressed by bold in the table), and they could be regenerated in
time with the stated rotation period (RP) and the regeneration period (ReP). RRP in
age-class 12 has to be 10 years, while it should be no more than 20 years in age class
11, and 30 years in age-class 10. They were in the first mature age-class.
Regeneration could be completed earlier in 11 stands (41.54 ha (8%)), and the
remaining 59 stands (307.65 ha (59%)) needed more time to regenerate than

required.

FMU?2 was also dominated by forest stands with a long RRP (Table 2). There
were 32 stands covering 216.37 ha in the mature age-classes. Seven forest stands,
covering an area of 82.95 ha, 38 % (expressed by bold in the table), were going to be

regenerated in time based on the given RP and ReP and age-class. One stand with
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10.14 ha (5 %) needed less time to regenerate than required, while the remaining 24
stands with 123.28 ha (57 %) required more time for regeneration.

Table 1. The number and area of forest stands with respect to the remaining regeneration
period and age-class in FMU1

Remaining Regeneration Period (years)

Age 10 15 20 25 30 40 Total
class

# ha # ha # ha # ha # ha # ha # ha
10 1 0.47 1 1.28 4 24.61 1 8.11 15 163.31 4 39.01 26 23749
11 3 6.93 1 8.25 1 5.50 - - 6 51.87 1 11.13 12 83.68
12 2 4.50 - - 7 32.77 1 16.68 - - - - 10 53.95
13 2 3.89 3 7.55 10 44.95 1 5.70 1 8.30 2 18.50 19 88.89
14 6 1133 1 1.3 5 29.24 - - - - 1 1.34 13 4321
15 4 5.13 - - 4 40.15 - - - - - - 8 15.28
Total 18 3225 6 1838 31 14722 3 3119 22 22348 8 6998 88 522.50

Table 2. The number and area of forest stands according to remaining regeneration period and
age-class in FMU2

Remaining Regeneration Period (years)

Age 10 15 20 25 30 Total
class
ha # ha # ha # ha # ha # ha

10 - - - - 1 10.14 - - 6 79.62 7 89.76
11 - - - - - - - - 3 30.31 3 30.31
12 1 333 - - 3 11.66 - - - - 4 14.99
13 2 3.89 1 3.36 4 22.30 1 5.70 1 8.30 9 43.55
14 3 7.77 - - 4 26.22 - - 1 1.34 8 35.33
15 1 2.43 - - - - - - - - 1 2.43

Total 7 17.42 1 336 12 7031 1 5.70 11 11957 32 21637

3.2. Development of cutting possibilities

The mean remaining regeneration period was calculated for the nearest three
decennia ( 0,;,0,,,0,, ). These values, as well as their percentage expression for
FMUI1 are presented in Table 3 along with analytical cutting percentage (denoted by
CP) for the comparison purpose. From the results in Table 3, it is noted that with
respect to the mean remaining regeneration periods, the planned cutting measures
were only associated with the balanced withdrawal of growing stock in the current
age-class 10. On the contrary, over-mature age-classes 14 and 15+, and age-class 13
that represented the last mature age-class, required more than one decennium for
additional harvesting. In age-class 13, it was possible to harvest only 45 % in the
first decennium because the age-class contained 17 stands with the remaining
regeneration period over 10 years (Table 1). The mean remaining regeneration
period of these stands was 2.2 decennia in the first planning period, and it would be
reduced to 1.4 decennium in the second period. The calculation of the remaining

regeneration period would include forest stands with the regeneration period of 10,
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15, 20, and 30 years (forest stands with the regeneration period of 20, 25, 30, and 40
years at the beginning of the first period). In the third period, it still would not be
possible to harvest the remaining forest stands because the remaining regeneration
period in two stands would become 20 years. These were forest stands with the
remaining regeneration period of 40 years at the beginning of the calculation, which

would require justification of values for o,;, 0,,, and o,; in other age-classes.

Table 3. Values o,,, 0,,,and o,, forindividual age-classes in FMU1 (%)
Period
Age class 1 2 3

2% % cp 0,. % cp 0, % cp
10 2.9 34 30 1.9 53 50 1.1 91 88
11 24 £yl 50 2.0 50 88 12 83 100
12 2.0 50 88 1.1 91 100 0.5 100 100
13 22 45 100 14 71 100 14 71 100
14 1.6 63 100 1.1 91 100 2.0 50 100
15 1.5 67 100 1.0 100 100 0 0 100

Values o,,, 0,;, and o,;, in FMU2 are presented in Table 4. As in FMU1, age-
class 10 in Table 4 was the most favourable for the even-withdrawal of timber
volume. Forest stands in age-class 12 at the beginning of the first decennium
required two decennia to regenerate, and stands in age-classes 13 and 14 would
regenerate in three decennia. Unlike FMU1, forest stands in age-class 15+ would be

harvested in the first decennium.

Table 4. Values o,,, 0,,, and o,, forindividual age classes in FMU2 (%)
Period
Age class 1 2 3

0y % cp 0y; % cp 03, % cp
10 2.8 36 30 1.9 53 50 1.0 100 88
11 3.0 33 50 2.0 50 88 1.0 100 100
12 1.6 63 88 1.0 100 100 0 0 100
13 2.0 50 100 13 77 100 1.0 100 100
14 2.1 48 100 1.4 71 100 1.0 100 100
15 1.0 100 100 0 0 100 0 0 100

The amount of the possible cutting (PC) was used as the basis for realistic
suitability of the indicators. It was calculated in each age-class with the
corresponding mean regeneration period, which represented the cutting possibilities
of forest stands with respect to the determined regeneration procedure. The results
are shown in Table 5. In the first period, the cutting possibilities by PC in FMU1
amounted to the total amount of 126,843 m?, the lowest value calculated for any of

the allowable cut indicators. In the event that harvest levels for FMUl were



Comparative Analysis on Cutting Possibilities 231

determined by one of these allowable cut indicators, the prescribed cut would exceed
the capacity of individual stands. Assuming that the cutting possibilities need to
meet certain regeneration procedures, increasing the harvest level would become
only possible by violating the area cut limits requried by the silvicultural system.
Therefore, the analytical cutting percentage (CP) with a value of 179,153 m?® became
unrealistic for FMU1. This was also observed for the results in Table 6, which
showed the values through PC and CP in each age-class. It showed that the cutting
possibilities by PC were much lower than those by CP in most age-classes. A
similar result can be seen in the allowable cut indicator of (1/20). The empirical
cutting percentage (ECP) with a value of 131,576 m* was lower by 3.7% from those
of PC. With comparison of PC with each allowable cut indicator in the second and
third decennium, we can conclude that ECP was the best allowable cut indicator for
FMUI1 because it best mimiced the cutting possibilities of the forest stands derived
by PC. The next appropriate indicator is (1/30).

Table 5. Values of cutting possibilities derived by each allowable cut indicator for 3 periods by

tree species groups (m®)
All_ow_able Period FMU 1 FMU 2

cut indicator Conifers Broadleaves Total Conifers Broadleaves Total
1 28,622 98,221 126,843 12,758 41,342 54,100

PC 2 37,037 112,698 149,735 16,505 38,753 55,258

3 46,151 124,391 170,542 18,157 27,994 46,151

1 35,467 143,685 179,153 17,390 63,718 81,109

cp 2 39,708 98,552 138,260 15,633 25,751 41,384

3 46,767 120,697 167,464 16,007 23,154 39,161

1 31,519 100,056 131,576 13,724 38,819 52,542

ECP 2 38,089 110,376 148,465 14,946 33,025 47,971

3 42,417 123,213 165,631 15,210 28,154 43,364

1 36,323 112,971 149,294 14,062 42,601 56,663

120 2 40,326 116,804 157,130 15,887 36,465 52,351

3 42,363 124,224 166,588 14,658 25,340 39,999

1 34,170 101,194 135,365 14,025 34,235 48,260

1/30 2 37,382 110,498 147,880 14,016 28,943 42,958

3 38,709 119,345 158,054 13,807 26,721 40,528

Table 6. Comparison of possible cutting (PC) and analytical cutting percentage (CP) in the

mature age-classes of FMU1 (m’)
Allowable Tree Age class
cut indicator ~ species 9 10 11 12 13 14 15+ Total
Conif. - 14296 6,946 3,063 2,277 1,897 143 28,622
PC Broad. - 31,693 15091 9,593 21,299 15262 5,283 98,221
Total - 46,622 21,762 12,403 23,148 17,052 5,426 126,843
Conif. 1,195 12,609 8232 5,284 4919 3,016 214 35,467
cP Broad. 3,106 27,953 17,883 16,546 46,006 24,267 7,925 143,685

Total 4,300 40,562 26,115 21,829 50,925 27,283 8,139 179,153
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In FMU2, CP became inconvenient because its value for the first decennium was
81,109 m?® (Table 5), 50% more than that determined by PC (54,100 m?). This trend
can also be seen in CP by most age-classes in Table 7. The 1/20 allowable cut
indicator exceeded PC in the first decennium by 5% and its value in the following
two periods was lower than those of PC. Allowable cut indicators ECP and 1/30
exhibited lower values than PC in all three periods, implying that they can be
achieved and are suitable for FMU?2.

Table 7. Comparison of possible cuts (PC) and analytical cutting percentage (CP) in the mature

age-classes of FMU2 (m*)

Allowable Tree Age class

cut indicator  species 9 10 11 12 13 14 15+ Total

Conif. - 5,347 3,046 430 2,290 1,573 73 12,758

PC Broad. - 8,383 3,208 4,899 10,746 12,384 1,721 41,342

Total - 13,730 6,254 5,329 13,036 13,957 1,794 54,100

Conif. 398 4,491 4,569 605 4,580 2,674 73 17,390

CcP Broad. 700 7,042 4,812 6,898 21,492 21,053 1,721 63,718

Total 1,098 11,533 9,381 7,504 26,072 23,727 1,794 81,109

3.3. Development of expected timber volume

The planned harvest levels affect the predicted timber volume. Using CP and
1/20 allowable cut indicators in FMUI, the timber volume expected in the following
decennia became 5% lower than that predicted by PC on average using high values
for these indicators (Figure 1). Conversely, the expected timber volume
development using the ECP and 1/30 allowable cut indicators was very similar to
that predicted by PC, implying that these allowable cut indicators would be suitable
for FMU1.

In FMU2, with cutting possibilities by PC higher than some allowable cut
indicators, the highest increase in the timber volume was predicted through ECP and
1/30 indicators (Figure 2). The highest values were achieved by the 1/30 indicator
with the expected timber volume higher at the end of the predicted period (at the
beginning of the fourth decennium) than that calculated by PC. The difference was
8% using ECP.
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Figure 1. Expected timber volume development using different allowable cut
indicators in FMU1
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Figure 2. Expected timber volume development using the allowable cut indicators in
FMU2

4. Conclusion

Predicting the expected growing stock and cutting amounts becomes an
increasingly important practical activity in forest management planning in Slovakia.
The prediction of the growing stock provides information on the expected timber
volume in the nearest ten-year periods, from which the expected cutting possibilities
can be derived. Similarly, based on the cutting possibilities of each mature stand, it
is possible to predict the cutting amounts, meeting the needs of these forest stands

right at the beginning of the planning period. For these purposes, this paper
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investigated the use of the remaining regeneration period for calculating the cutting
possibilities or possible cutting for each age class in order to select the most suitable
allowable cut indicator. The method takes into account the possibilities of
individual forest stand under the regeneration requirements, so that the resultant
cutting possibilites (amounts) as a harvest level can be regarded as an upper bound
for possible cutting in each age class. Exceeding these values would not satisfy the
regeneration procedures.

We compared cutting amounts predicted by possible cutting and four allowable
cut indicators in two forest management units. The amount by possible cutting was
calculated in each age-clas with the corresponding mean regeneration period, which
represent the cutting possibilities of forest stands with respect to the determined
regeneration procedure. Our comparison on the calculated cutting amounts and
timber volume indicated the following three findings: 1) the calculation of cutting
possibilities by possible cutting (PC) is needed to judge whether the particular
allowable cut indicator can be applied in the target forest management unit without
violating the requirements from the silvicultural systerm as to area cut and
regeneration element width, so that we could select the most suitable allowable cut
indicator, 2) with the calculation of cutting possibilities by possible cutting (PC), we
can distribute cutting possibilities derived by the allowable cut indicators 1/20 and
1/30 over different age-classes, which is very important in predicting the growing
stock by age-class, and 3) ECP was the best allowable cut indicator for FMU1
because it best mimiced the cutting possibilities of the forest stands derived by PC,
while ECP and the allowable cut indicator 1/30 were suitable for FMU2 due to their

lower values of cutting possibilities than those by PC.

References

Burgan, K. (2002) Progndézy vyvoja tazieb (Aktudlne problémy a Cciastkové
vysledky riesenia), In Vlastnicke a uZzivatel'ské vztahy k lesu vo vizbe na
hospodérsku tpravu lesov (Herich, I., Zihlavnik, A. and Marusak, R. eds.),
Zvolen, pp.61-66. (in Slovak).



Comparative Analysis on Cutting Possibilities 235

Gregus, C. (1989) Metodicky postup odvodenia vyhladovych a prognoézovanych
tazbovych etatov, Lesnicky Casopis, 35, 1: 17-31. (in Slovak).

Kanka, M. (1983) Prognéza vyvoja tazbovych moznosti, KDP, LF VSLD Zvolen,
127p. (in Slovak).

Kanka, M., Kachni¢, M., Burgan, K. and Bavlsik, J. (1983) Vyvoj tazbovych
moznosti na tri desatro¢ia-progndzy, Lesoprojekt Zvolen, 14p. (in Slovak).

Las, M., (2000) Regulacia tazby pomocou plochovych tazbovych ukazovatelov, In
Perspektivy rozvoja hospodarskej upravy lesov v SR, LF TU Zvolen, pp.53-58.
(in Slovak).

Majoros, S. (1999) Overenie moznosti adaptivnej regulacie obnovnych tazieb
suboru podrastovo obhospodarovanych porastov, Acta Facultatis Forestalis
Zvolen, XLI, pp.211-224 (in Slovak).

Marusak, R. (1998) Problematika kalkulacie ocakavanych zasob vo vztahu k
vypoctu vyhladovych etatov, Acta Facultatis Forestalis Zvolen, XL, pp.131-144.
(in Slovak).

Marusak, R. (1999) Problematika vychovnych tazieb pri kalkulacii ocakavanych
zéasob. Acta Facultatis Forestalis Zvolen, XLI, pp.225-238.

Marusak, R. (2001) Progndzovanie zasob vo vztahu k vyberu tazbového
ukazovatel’a. In 1. medzinarodné sympo6zioum, Sucasnost’ a nové smery rozvoja
HUL - Problematika priestorovej a tazbovej ipravy lesa v su¢asnosti (Zihlavnik,
A. and Marusak, R. eds.), Zvolen 11.-12.9.2001, pp.69-76. (in Slovak).

Zihlavnik, A. (1997) Problematika a moZnosti pouZitia tazbovych ukazovatelov
v lesnych uzivatel'skych celkoch, Acta Facultatis Forestalis Zvolen, XXXIX, s.
pp.243-253. (in Slovak).

Zihlavnik, A. (1998) Vyuzitie plochovych tazbovych ukazovatelov v
nepravidelnych vekovych struktarach lesa, Acta Facultatis Forestalis Zvolen, XL,
s. pp.185-196. (in Slovak).

Zihlavnik, A. (1999) Tazbova uprava lesa v lesnych uzivatelskych celkoch.
Vedeckeé stadie 4/1999/A, TU Zvolen, 78p. (in Slovak).



236 Robert Marusak and Atsushi Yoshimoto

Zihlavnik, A. (2000) Tazbova regulacia v lesnych uZivatelskych celkoch s
podrastovym hospodarskym spdsobom, Acta Facultatis Forestalis Zvolen, XLII,

s. pp.213-225. (in Slovak).



Comparative Analysis on Cutting Possibilities 237

A2 RE TR DRI DHFERERIC L DR RICET 5 ot
=R S 0 A=V N ¢

B RFSCTIE, £ DRI L, EERO B D IS <K
&R SRR O TR SOV TIRIT 217 o 7o, (SRR ITHRMROEH 2 ZJE L
TG B TF e L R DIRE TR TR B 220, YR L TRRFEOHE
HMnbBELND 2 SOEHa=y b2 HWT, BITO 4 SOFFREERIEE
(FRATROLRER, RBRAOLRER, ZlAR 1/20 Bk, ZilmAk 1/30 (kER) bR S D
R &, WM 2B E L TR SN2 BIENRRZ L, 8 LT 54
MIZTE L 7= A BEIRIE O T 2T > 1o, B 2B E L TR Sh 2 8%
EROESEMT 2000, $RbbROELRIEELBADILNTED
DS, ARFFE T o o HmE L = v b TR R ERR 2 =78
BEFEEN R B LTV D Z N gnoT.

F—U— I (R, ST, PR R




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



 
 
    
   HistoryItem_V1
   InsertBlanks
        
     場所: 最後のページの後
     ページ番号: 1
     現在と同じ
      

        
     1
     1
            
       D:20080219211355
       841.8898
       a4
       Blank
       595.2756
          

     1
     Tall
     338
     241
            
       CurrentAVDoc
          

     SameAsCur
     AtEnd
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.1a
     QI+ 2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲: 現在のページ
     マスク座標: 横方向, 縦方向オフセット 49.66, 538.32 幅 308.28 高さ 22.24 ポイント
     オリジナル: 左下
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         23
              

       CurrentAVDoc
          

     49.6552 538.3234 308.2757 22.2414 
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.1a
     QI+ 2
     1
      

        
     45
     284
     45
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲: 現在のページ
     マスク座標: 横方向, 縦方向オフセット 55.34, 538.32 幅 307.24 高さ 21.21 ポイント
     オリジナル: 左下
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         23
              

       CurrentAVDoc
          

     55.3448 538.3234 307.2412 21.2069 
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.1a
     QI+ 2
     1
      

        
     85
     284
     85
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲: 現在のページ
     マスク座標: 横方向, 縦方向オフセット 49.66, 536.25 幅 317.59 高さ 23.28 ポイント
     オリジナル: 左下
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         23
              

       CurrentAVDoc
          

     49.6552 536.2544 317.586 23.2759 
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.1a
     QI+ 2
     1
      

        
     141
     284
     141
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲: 現在のページ
     マスク座標: 横方向, 縦方向オフセット 48.62, 532.63 幅 313.97 高さ 31.03 ポイント
     オリジナル: 左下
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         23
              

       CurrentAVDoc
          

     48.6207 532.6337 313.9654 31.0345 
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.1a
     QI+ 2
     1
      

        
     167
     284
     167
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲: 現在のページ
     マスク座標: 横方向, 縦方向オフセット 51.72, 539.36 幅 312.41 高さ 23.28 ポイント
     オリジナル: 左下
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         23
              

       CurrentAVDoc
          

     51.7241 539.3578 312.4136 23.2759 
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.1a
     QI+ 2
     1
      

        
     185
     284
     185
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲: 現在のページ
     マスク座標: 横方向, 縦方向オフセット 52.24, 534.70 幅 322.76 高さ 26.38 ポイント
     オリジナル: 左下
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         23
              

       CurrentAVDoc
          

     52.2413 534.7027 322.7585 26.3793 
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.1a
     QI+ 2
     1
      

        
     229
     284
     229
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲: 現在のページ
     マスク座標: 横方向, 縦方向オフセット 46.55, 530.05 幅 335.17 高さ 31.55 ポイント
     オリジナル: 左下
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         23
              

       CurrentAVDoc
          

     46.5517 530.0475 335.1722 31.5517 
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.1a
     QI+ 2
     1
      

        
     245
     284
     245
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲: 現在のページ
     マスク座標: 横方向, 縦方向オフセット 43.45, 540.39 幅 322.24 高さ 18.62 ポイント
     オリジナル: 左下
      

        
     1
     0
     BL
    
            
                
         Both
         1
         CurrentPage
         23
              

       CurrentAVDoc
          

     43.4483 540.3923 322.2412 18.6207 
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.1a
     QI+ 2
     1
      

        
     259
     284
     259
     1
      

   1
  

 HistoryList_V1
 qi2base





