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The main task of the research is to estimate the efficiency of applied sampling design of Lithuanian national
forest inventory (NFI) and to examine the reliability of NFI data. The research was based on the data of Lithuanian NFI
permanent sample plots established and measured during 1998-2000 in forest land of Lithuania and generalized NFI data
of 1998-2002, as well as generalized standwise forest inventory (SFI) data updated to 2002.

As a result of the study, it was determined, that growing stock volume variation in large forest tracts responds to
plot size changes 2-3 times weaker as compared to the changes in plot volume variation in homogeneous stands. The
coefficient of the growing stock variation of all stands decreases from 74.2% to 55.7% with increasing sample plot size
from 100 to 500 m®. By applying peculiarities of the dependence of tree volume variation and time consumption variation
on plot size, an optimal 500 m? plot size was ascertained, allowing to reduce total labour consumption for all inventory
object by about 35% as compared to 100 m? size plots. Optimization of plot size and their grouping ensures balance
between time consumption for driving — walking and direct operations in the plot, as one of the most important features
of sampling design optimality. Approximately 1.08 sample plot or its sector from the same tract falls into stand groups
homogenous by forest type, age and site index class. Estimation of the growing stock variance in stands homogenous by
forest type, age and site index class has shown that diversity loss of investigated object, while allocating sample plots
in tracts, is insignificant.

Data of NFI are based on direct and highly precise measurements. The comparison of sampling and standwise forest
inventory results has shown, that NFI is reliable and the results are of known precision. NFI is more operative and it
allows to reveal most changes efficiently and significantly earlier, as compared to SFI. Sampling forest inventory of
1998-2002 allowed to estimate the area of all Lithuanian forests with +1.1%, while growing stock volume with £1.5%
standard error, to reveal forest land area changes 8 years earlier than by SFI. The main reason for underestimation of
the growing stock volume, increment, mean height, age and stocking level of stands according to SFI lies in non progressive
and limited technologies, methods and standards, used by SFI.
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Introduction

For many years the main source of information about
forests in Lithuania was standwise forest inventory (SFI),
which guaranteed the flow of information for a detailed
and effective short term planning, organization of for-
estry on a certain territory. Many quite important char-
acteristics of forests, such as wood increment, mortali-
ty, growth balance and allowable cut, tree damages can-
not be reliably ascertained by applying previous meth-
ods. Lithuanian forest inventory faced many problems
after the appearance of private forest sector with very
small holdings. Without essential changes in existing
inventory methods and technologies used at present, it
is impossible to obtain sufficiently precise information
needed to ascertain changes in the state of forests, to
perform strategic planning and assessment at the level
of the whole country. These circumstances have led to
the organization of the national forest inventory (NFI)
based on sampling method.

The Lithuanian NFI, based on the repeatedly
measured permanent sample plots, was started in 1998
(Kuliesis, Kasperavicius 1998, Kuliesis 1999). The aim
of the inventory is to carry out a complex and reliable
monitoring of natural forest resources for an efficient
assessment of the main forest parameters in the coun-
try or its regions.

The design of inventory is a systematic cluster
sampling with a random start. The estimation of the
efficiency of NFI sampling design, optimisation and
improvement of its parameters, analysis and estima-
tion reliability of inventory results of the first five
years are the main objectives of our research. In or-
der to create an optimal sampling design for Lithua-
nian forest inventory, to carry out the inventory with
minimal labour expenditures under a defined accura-
cy, it is necessary to optimize the size of sample plots
(Shiver, Borders 1996), their construction (Soderberg
1997, Brasell et al. 2001, Estonian..., 2002), joining into
groups — tracts (Ranneby 1979).
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In order to solve the main tasks of the research it
was necessary: to estimate the variance of growing
stock in the sample plots of different size, to estimate
the efficiency of the NFI sampling design according
to the analysis of time consumption necessary for field
operations, to optimise the size of permanent sample
plot, to estimate the influence of clustering of plots
on the representation of forest diversity, bias of the
mean and the variance of estimated parameters, to
compare the main characteristics and its accuracies,
estimated by NFI and SFI data.

Research materials and methods

The research was based on the data of NFI per-
manent sample plots established and measured dur-
ing 1998 — 2000 in forest land of Lithuania and gener-
alized NFI data of 1998 —2002.

In order to estimate the efficiency of NFI sampling
design, we examined the optimality of sampling design
parameters: sample plot size, clustering of plots, and
size of the cluster. The optimal sample plot size was
investigated analysing the variability of the growing
stock in sample plots of various sizes and time expen-
ditures required for the establishment and measure-
ment of such plots. The variability of growing stock
was estimated analysing the coefficient of variation of
growing stock in sample plots of various sizes. It was
tested according to Fairfield Smith’s empirical “law”
(Smith 1938). The regularities of the growing stock
variation were analysed using the entire scale of var-
iability of natural conditions in Lithuanian forests. The
time consumption for fulfilling different operations in
the NFI field works was determined using the time
photography method. The effectiveness of the sam-
pling design was estimated under the analysis of
multiple relations between direct and indirect time
consumption in the sample plot and tract. The opti-
mal size of a sample plot was ascertained minimising
the total cost (total time consumption) required for
carrying out inventory with a predefined accuracy. The
representativeness of the applied sampling design was
estimated analysing the mean and the variance of the
growing stock, comparing the results from clustered
plots versus the individually allocated plots. Various
versions of individually allocated plots were used.

Results of NFI of 1998 — 2002 were compared with
the data of forest resources assessment in 01.01.2002,
made on the base of SFI data. The accuracy of NFI
data was estimated by the standard deviation. For the
estimation of systematic deviations of SFI data in
various periods, total growth balance method and for-
est cuttings statistics were used (KulieSis 1989, 1993,
2003).

Results

Variation of the growing stock volume in the for-
ests of inventory area

The estimation of the growing stock volume var-
iance in sample plots is very important both for prov-
ing optimal sampling design of forest inventory and
for ascertaining spatial forest structure as one of the
most important factors of forest sustainability, stabil-
ity and productivity (Freese 1961, Lindgren 1984). The
most important and, unfortunately, least investigated
are regularities of growing stock variation in stands
associations covering a large scale variability of nat-
ural conditions.

The variance of growing stock volume per 1 hec-
tare in all Lithuanian forests on average is 19,014 (m?/
ha)®. In conventional terms it means a sufficiently high
variation, equal to 60 — 65%. The greatest variance was
estimated in the least homogeneous aspen, oak and
spruce stands, the lowest being in grey alder and pine
stands (Kasperavicius, Kuliesis 2001a).

The dependence of the growing stock volume
variation on forest type, stand age, stocking level, site
humidity and fertility level as well as site index was
determined (Table 1). The most stable stands with even
spatial structure and the least growing stock variation
are those from 40 to 110 years of age, 0.7 — 0.9 stock-
ing level, growing in medium or higher site index con-
ditions (Kasperavic¢ius, Kuliesis 2001b). The most even
spatial structure is characteristic of pine and grey al-
der stands. The coefficient of growing stock variation
(CVq, %) of all stands decreased from 74.2 % to 55.7 %
when the sample plot size (¢) increased from 100 to
500 m? (Table 1).

According to the Fairfield Smith’s law (Smith
1938), which can be re-expressed as: CVq =kq’ (where:
k, b — regression coefficients to be estimated), the av-
erage value of regression coefficient b is equal to 0.18
(Table 1). The higher the regression coefficient b, the
more decreases CV following a corresponding in-
crease in sample plot size. Volume variation coefficients
of separate stands in most cases are lower, while the
way of their changes, depending on sample plot size,
is more pronounced as compared to the correspond-
ing characteristics of entire forest tracts. During the
study it was ascertained, that the influence of sample
plot size changes on the change of tree volume per
plot variation coefficient in homogeneous stand com-
munities (h=0.18) is twice less than in separate stands
(6=0.33-0.45). These results allow to essentially spec-
ify sampling design of inventories in large forest are-
as and forecast a predefined assessment accuracy of
the main variables.
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Table 1. Range of growing stock volume (I and II storey)
variation coefficients in sample plots and the values of co-
efficient b in Lithuanian forests under increasing sample plot
area from 100 to 500 m?

Coefficient of | <= Coefficient of <
variation, % Ag Stand variation, % Ag
ample plot | 2 ample plot 2
Stand parameter S siz[;, n?z § parameter S sizpe \ nI:Z %
100 | 500 | © 100 500 | ©
Forest type Site index (Hap)
Pine 65.8 [ 48.6 |0.19]|<16.5 99.1 727 10.19
Spruce 76.1 | 57.8 |0.17]16.6 -19.5 719 561 | 0.15
Birch 758 | 60.6 |0.14]19.6 =225 750 56.1 | 0.18
Aspen 729 | 519 |0.21]22.6 -255 654 477 |0.20
Black alder 66.7 | 554 10.12(25.6 -285 655 465 | 0.21
White alder 633 [ 514 |0.13]|28.6-31.5 68.6 48.1 | 0.22
Ash 81.7 | 55.7 10.24|31.6 —34.5 68.1 51.0|0.18
Oak 88.2 | 54.3 10.30(>34.5 712 551 | 0.16
Site humidity Age
Slopes of normal 756 | 53.4 |0.22|=20 123.8 102.0( 0.12
Normal 67.8 [ 479 (0.22]21 -40 708 55.0 | 0.16
Temporarily overmoistured | 73.3 | 55.6 | 0.17 (41 — 60 58.1 408 | 0.22
Constantly overmoistured | 75.5 | 59.6 | 0.15[61 — 80 627 416 | 0.26
Drained peatland 728 | 60.8 |0.11|81 - 100 645 414 |0.28
Peatland 82.8 |1 70.7 |0.10| 101 - 120 616 425 |0.23
Site fertility >120 76.6 527 0.23
Very poor 72.5 | 59.8 |0.12| Stocking level
Poor 65.0 [ 48.1 [0.19]=<0.30 161.2 119.9( 0.18
Fertile 73.7 | 57.2 10.16{0.31 -0.50 103.4 583 | 0.36
Very fertile 79.1 | 55.8 10.22]0.51 -0.70 734 4421032
Especially fertile 96.1 | 58.8 10.31]0.71 -0.90 56.1 392 |0.22
All stands 74.2 | 55.7 [0.18|> 0.90 545 410 | 0.18

Time consumption for NFI measurements

The efficiency of sampling design was estimated
analysing multiple relations between direct and indi-
rect time consumption for work operations carried out
in the sample plot and tract, the dependence of time
consumption for carrying out different operations on
the characteristics of measured objects and their quan-
tities was ascertained.

According to the time consumption required for
carrying out different operations in a tract and sam-
ple plot (Figure 1), time consumption structure in a full

Driving to the tract, return
to the campsite
22 %

Counting and description of underbrt
and undergrowth, description of soi
site, other operatior

‘Works in
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13 %

Arrangement
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Establishment of angle Finding of s.ample
t plots t - . plot, fixing
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- indirect time consumption, min
Ny - direct time consumption, min

Figure 1. Time consumption, required for singling out and
measuring permanent sample plots in Lithuanian forests (3
surveyors)

tract and in a tract with different numbers of sample
plots in each of them was constructed (Figure 2).

Approximately a half of all time is required for
driving and walking to the object and another half —
for direct measurements in the plot. Time consump-
tion for direct measurements in the sample plots var-
ies from 34 to 63 % in the Lithuanian NFI sampling
design depending on the number of sample plots per
tract (Figure 2).
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Figure 2. Dependence of time consumption, required to
measure tract on the number of sample plots in the tract (3
surveyors)

The share of time consumption for direct meas-
urements in the plot increase due to an increasing
number of plots per tract. The average number of plots
per tract for all Lithuanian NFI is 2.8. The equality
between the time consumed for direct measurements
and time for preparation to measure is mostly desira-
ble and, according to Zeide research results (Zeide
1980), is the sign of optimal forest inventory design.

Time consumption for measuring a sample plot in
Lithuanian forests by a crew of three members increas-
es almost by 3.1 min for each 100 m? with increasing
sample plot size from 100 m? to 500 m? (Figure 3).

Estimation of an optimal sample plot size

The range of optimal plot sizes ensuring the low-
est inventory cost in different forest types varies from
500 m? up to 600 m? depending on stand structure. The
estimated optimal plot size for the inventory of all
Lithuanian forests is equal to 514 m? (Fig. 4). The in-
crease of sample plot size from 100 m? to 500 m? ena-
bled us to reduce the total cost of the inventory of
Lithuanian forests by about 33 — 39 %.

I 2004, Vol. 10, No. 1 (18) I (SSN 1392-1355

29



BALTIC FORESTRY

I RELIABILITY /.../ OF LTHUANIAN NATIONAL FOREST INVENTORY /.../ NI A. KULIESIS, A. KASPERAVICIUS I

mor - - - = .
tion
1B . _ 2099 ime consumpi
3’@&3 A measure plot,
90 y= 070301X +E A ’p - walk and drive
4 o — —
~~ )
R=| L —_ — — -
é 70 + _ _ _ _ Time consumption
g 2 _0999 to measure plot
g - -_0 0304X + 4836&_3 P -;g -—" and walk
= .y_—- —= /‘ -’_:_ - -—‘_—Q ;99- Time consumption
50 1~ — '0'03"()?)( + B P T to measure plot
L y= - -
30 T T T T )
0 100 200 300 400 500

Sample plot size (mz)

Figure 3. Dependence of time consumption to measure a
plot on the plot size

The representativeness of inventory design

The aim of grouping of sample plots in tracts is
to reduce inventory costs, increase labour productiv-
ity by collecting possibly more information. On the
other hand, grouping of sample plots may influence
the representation of the forest diversity, bias the
mean variance of estimated parameters. We have ex-
amined the influence of clustering of plots on sam-
pling, representativeness and reliability of inventory
data.

Grouping of sample plots of NFI is mostly ex-
pressed in pine stands because of their greatest con-
centration in larger tracts. One of the main character-
istics, showing the concentration of sample units or
their distribution, is the number of plots or their sec-
tors falling per group of stands singled out accord-
ing to the same indication (Table 2).

The greatest number of sample units per tract falls
in pine stands — 2.47, then follow spruce — 1.46 and
birch stands — 1.43. Under smaller groups of stands,
i.e. having divided stands by age classes and site in-
dexes, mean number of plots and sectors falling per
tract decreases up to less than 1.15 sample units per
tract (Table 2).
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Figure 4. Dependence of time consumption to inventory an
object on plot size

For all Lithuanian forests approximately 1.08 sam-
ple plot or its sector from the same tract fall into the
aggregation of stands homogeneous by forest type,
age (differences less than 20 years) and site index class
(height differences less than 3 metres) (Table 2). The
estimation of the growing stock volume variance in
stands homogeneous by forest type, age and site in-
dex class has shown that losses in diversity of the
investigated object while allocating sample plots in
tracts by four are insignificant. The introduced sam-
pling design with clusters of four sample plots reduc-
es the variance of the growing stock only by 1 —2 %
for all tree species. Results of this analysis allow to
interpret the sampling design of the Lithuanian NFI as
a sampling design with individually allocated sample
plots.

An essential improvement of the effectiveness of
the Lithuanian NFI started in 1998, when compared
with the previous forest inventories was ensured re-
duction in the number of sample plots in a tract down
to four, the distance between sample plots was in-
creased to 250 meters and the sample plot size was
enlarged fixing it at 500 m2. The increased precision of
allocating sample plots using GPS receivers and divid-
ing sample plots into sectors according to actual for-

Table 2 Average number of sam- Tree species

ple plots or its sectors falling in Indications Pine |Spruce Birch |Aspen Black White| o 1 Ach | Total

the group of stands of ascertained alder _alder

indications in the tract Number of sample plots, sectors
Forest type 247 [ 146 143 | 1.33 | 1.25 1.25 | 1.12 | 1.25 | 1.59
Forest type, age class (20 years) | 1.53 | 1.14 1.19 | 1.15 | 1.10 1.14 | 1.05 | 1.03 | 1.25
Forest type, site index class 31y 37 | 110 111 | 1.09 | 1.04 109 | 1.00 | 1.01 | 1.15
meters)
Forest type, age class (20 years),| 4 5| o5 107 | 1.05 | 1.01 1.07 | 1.00 | 1.00 | 1.08
site index class (3 meters) ) i i i i i i i i
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est distribution by forest types has improved the ob-
jectiveness and reliability of the NFI data. All these
measures allowed to increase the efficiency of the
sampling design and reduce time consumption elimi-
nating less informative data.

Comparison of NFI and SFI data

For comparison NFI data over a five year (1998 —
2002) period and SFI data updated to January 1, 2002
were used.

Forest land area

In 2002 NFI inventoried 2084.2 thous. ha of for-
est land area, i.e. by 50 thous. ha more as compared
with SFI. In 1998 this difference comprised more than
100 thous. ha. The reason for differences in forest land
areas between NFI and SFI in 1998 and 2002 was the
data of SFI obtained 10-15 years ago on 85% of the
country’s territory in 1998, while only 35% in 2002. The
existence of not inventoried before areas of forest land,
in size 5 — 6% of the total forest area, was confirmed
by SFI, starting with 1995, i.e. after the enactment of
the Forest Law (1994). Using the definitions of the
Forest Law (1994), during 1995 — 2002 for the first time
by SFI were inventoried 63 thous. ha or 5% of new
forests. It is expected, that during 2003 — 2006 on the
remaining territory of the country there will be inven-
toried at least 40 — 50 thous. ha of a new forest area.
Forest land area corresponding to the definition of the
Forest Law by NFI was inventoried in 1998, i.e. § years
earlier than by SFI. Remeasurements of permanent
plots allow to estimate appearing new forests on av-
erage 4 thous. ha per year on the territory.

Total Lithuanian forest land area of 2.084 mill. ha
by NFI was estimated with the standard error (proba-
bility 0.683) of 1.1%. Forest land areas of 10 thous. ha
and more in size, using Lithuanian NFI sampling de-
sign can be estimated with the standard error of 20%
and less. The NFI data sufficiently precisely represent
the areas of all forest groups, forest types, ownerships
and other categories (Table 3).

Differences in the distribution of forest land area
of II-IV groups, estimated by NFI and standwise forest
inventory do not exceed 0.1-0.3%. By NFI there was
inventoried 5.5% less area of spruce stands, by 2.6%
less area of pine stands, 3.5% greater area of aspen and
2.9% that of black alder stands (Table 3). Among the
main reasons for the differences in forest type areas
were indicated damages caused by draught, wind and
Ips typographus during 1992-1996 in spruce stands
(Karazija et al. 1996), the appearance of new stands,
mainly of soft broadleaved species, that have not been

Tal?le 3. Com- Area category SFI__| NFI NFI-SFI
parison of are- area, %
. I group 1.1 12 +0.1
as, estimated | g 2 5 | Mgroup 217118 [ 03
by NFI and SFI | 55 5 | mIgroup 153 154 | +0.1
IV group 715 71.6 +0.1
pine 36.7 34.1 26
« spruce 23.1 17.6 5.5
& 5, | birch 200 | 199 | 01
s | aspen 2.8 63 | 435
S & | black alder 6.0 89 29
2z grey alder 6.2 6.9 +0.7
5° | oak 1.8 25 +0.7
= ash 27 24 03
other 0.8 1.5 +0.7

completely inventoried by standwise inventory up to
this time. There was also the methodical reason for es-
timation of prevailing species during NFI and SFI. New
SFI rules were introduced in 2003, according to which
these differences were eliminated.

The analysis of forest land area estimations by
NFI and SFI has shown, that real changes in the total
forest land area and its distribution by smaller units
for the whole country can be disclosed by NFI 8 years
earlier as compared to SFI.

Growing stock volume and other characteristics

During 1998-2002, by NFI in Lithuanian forests
there were inventoried 456.7 mill. m® of the growing
stock volume with the standard error £ 1.5% (proba-
bility 0.683). It is by 17% more as compared to SFI data.
What are the reasons for this difference? The first
reason is by 50 thous. ha larger forest land area in-
ventoried by NFI. The other reasons will be revealed
analyzing and comparing NFI and SFI data (Table 4).

The growing stock volume per 1 ha during SFI on
average is underestimated by 14%. Almost one half of
ascertained differences are caused by small trees, usu-
ally not inventoried by SFI. As a result of NFI and SFI
data analysis, it was determined that small trees up to
10 cm in middle-aged and older stands as well as small
trees in the second storey on average comprise 15 — 17
m®/ha and are not inventoried by SFI. This volume is
close to that of the second storey trees inventoried by
NFI (Table 4). During NFI the II storey was based on
the corresponding height differences of trees, while
during SFI the II storey, having not reached stocking
level of 0.3, most frequently is not recorded. Underes-
timation of the growing stock volume according to SFI
by 2 m*ha can be explained in decreased volume by 25
% in grey alder volume tables. Besides that, NFI data
of 1998 — 2002 are adequate to the middle of the year
2000, while SFI data of January 1, 2002, according to
the practice of updating, are adequate to the middle of
1999. This difference in time corresponds in the decrease
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Table 4. Comparison of growing stock volume and other char-
acteristics, estimated by SFI and NFI in Lithuanian forests,
depending on ownership

State Private All forest Differences, %
forests __and others orests SFI = NFI
. 100
Indices NFI
SFI | NFI SFI | NFI | SFI NFI private all
S and others _forests
Growing stock volume, m”/ha 201 | 234 189 | 223 | 195 227 | -14 -15 -14
from them of I storey 19 11 14
Stands of pine 235 [ 269 222 | 261 | 229 265 | -13 -15 -14
spruce 175 (209 213 | 228 | 191 217 | -16 -7 -12
birch 179 | 208 159 | 194 | 168 200 | -14 -18 -16
aspen 230 | 284 203 | 263 | 216 274 | -19 -23 =21
black alder 203 (215 182 | 212|192 213 | -6 -14 -10
grey alder 108 121 116 | 163 [ 115 157 | -11 -29 -27
oak 202 (235 176 | 218 | 189 226 | -14 -19 -16
ash 154 [ 160 169 | 222 [ 161 190 -4 -24 -15
Growing stock volume of 279 [ 334 221|270 | 251 304 | <16 -18  -17
mature stands, m”/ha
Annual gross increment, m’ha | 58 | 74 6.5 | 8.7 [ 6.1 8.0 | -22 -25 -24
from them of II storey 0.8 0.6 0.7
Age of stands I storey, years 56 55 50 47 53 51 +2 +6 +4
Stocking level of stands I storey| 0.72 [ 0.71 0.71 | 0.76 [ 0.71 0.74 | +1 -7 -4
Site index 250 127.0 256 (265 253 268| -7 -4

of the growing stock volume, estimated by SFI by 5 m?/
ha. In this way, unexplained remains the difference be-
tween NFI and SFI data constituting 4 — 5 % of the total
growing stock volume. It can be described by a sys-
tematic deviation — typical error of subjective invento-
ry methods used by SFI. The volume of mature stands
during SFI is underestimated to a slightly greater de-
gree than that of all stands (Table 4). The mechanism
of stand volume underestimation during SFI is partial-
ly revealed comparing other parameters. Average age
of stands during SFI inventory is increased by 4%,
stocking level is reduced by 4%, site index is reduced
by 6%. Taking into account, that during SFI age is in-
creased, while site index is reduced, it is possible to
state, that the mean heights of stands are reduced more
than by 6%.

Therefore, the main reasons for volume reduction
during SFI lie in the reduction of stand stocking level
and even more in the reduction of the mean height of
stands. Very often lower requirements were applied on
the precision of SFI in private forests, which lead to
greater deviations in the volume of all stands (15% in
private and 14% in state forests), in the volume of
mature stands (18% and 16%) and especially in the age
of trees (6% and 2%) in these forests.

The mean annual increment during SFI is underes-
timated to a greater extent than the growing stock vol-
ume. This is mostly influenced, besides, in one direc-
tion, by the reduction of the growing stock volume (60%)
of the whole difference and site index as well as over-
estimation of the age of trees influencing increment
percentage reduction and the remaining part (40 %) of
increment difference between NFI and SFI data. In state
forests the mean annual volume increment is underes-
timated by 22%, meanwhile in private by 25%.

The greatest volume differences according to SFI
and NFI data ascertained in aspen (-21%), oak (-16%)
and ash (-15%) stands may be explained by very com-
plicated conditions for ocular inventory, high volume
variability in groups of these stands (AHTaHaiiTuc et
al. 1975). Volume differences ascertained in grey al-
der stands (-27%) are due to reduced values of form
factors used for a long time in SFI. The least differ-
ences in the volume are determined in coniferous and
black alder stands that are most simple for inventory.
Greater volume differences were determined in private
as compared to state forests.

The accuracy of SFI data in Lithuania were ana-
lysed earlier too (Kymemwnc 1971, Auranaiituc et al.
1975, Kuliesis et al. 1976, KulieSis 1989) and similar
results were obtained. Seeking to estimate reliability
of the results, the balance of the volume increment and
its accumulation in the stands of state forests in 1958—
1999 was done (Kuliesis 1993, 2003). For this purpose
SFI data on the growing stock volume, increment, its
accumulation in stands and timber volume, removed
by final and intermediate cuttings, was used.

The results of this analysis have shown under-
estimation of the growing stock volume during SFI on
average by 20% for the first 20 years and by about 8-
14% for the last 20 year period. Adjusted by the in-
crement balance method, SFI data completely corre-
spond to the NFI data (Figure 5).
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Figure 5. Estimation of biasness of the growing stock vol-
ume in Lithuanian state forests

Underestimation of the increment by 10-25% dur-
ing 1967-1987 was compensated using biased stand-
ard — increment tables (KulieSis 1989). Stand yield
model, applied in the nowadays SFI practice, showed
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an underestimation of increment approximately by 6%
as compared with NFI data (Fig. 6). The necessity of
yield model correction should be verified in the future
by using remeasurement data of permanent plots.
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Figure 6. Estimation of biasness of the annual volume in-
crement in Lithuanian state forests

According to the measurements of NFI permanent
sample plots in 1998-2002, a preliminary growing stock
volume increment balance was made. The growing
stock volume in 1998-2002 was estimated every year
as a mean of the analysed period. In this way, volume
change by 4 m?, i.e. from 224 m*/ha in 1998-2000 (on
average in the year 1999) to 228 m*/ha in 1998-2002
(on average in the year 2000) is attributable to the
period of 1 year. It can be said, that in this period
annually on average 4.0 m*/ha of wood was accumu-
lated in all Lithuanian forests.

According to the measurement data of NFI per-
manent plots in 1997-2001, annually by all cuttings 3.5
m’/ha of stems overbark were felled. Based on the
results (Kuliesis 1999) of 5 repeated measurements in
permanent plots of the Dubrava forest over 20 years,
it is possible to state, that in Lithuanian forests 0.3
m?/ha of stem volume is naturally lost or remains un-
used. Such a sum of volumes of felled trees (3.5 m?/
ha), accumulated in stands (4.0 m3/ha) and dead trees
(0.5 m?/ha), ascertained during a single NFI in 1998—
2002, is very close to volume increment — 8.0 m*ha
estimated at the same time. The growing stock volume
increment balance in Lithuanian forests will be essen-
tially specified after repeated measurement of perma-
nent sample plots and will serve as the basis for a
motivated efficiency estimation of forest growing and
use.

The data on temporary sample plots, measured in
2003, confirmed the validity of the data estimated in
permanent plots. It was determined, that differences
in growing stock volume (t=0.44), annual increment
(t=0.27) and forest land area (t=0.24) estimations, made
on permanent and temporary plots, are not significant.

Conclusions

1. Tree volume variation in large homogenous for-
est stand communities responds to plot size changes
2 — 3 times weaker as compared to the changes in plot
volume variation in individual homogeneous stands.

2. 500 — 600 m? plot size was ascertained as opti-
mal, allowing to reduce total labour consumption for
the whole inventory object by 33 — 39 % as compared
to 100 m? size plots.

3. Optimization of plot size and their grouping en-
sures the balance between time consumption for driv-
ing — walking and direct operations in the plot as one
of the most important features of sampling design
optimality.

4. Reduction of the number of plots per tract down
to 4, increasing of the distance between plots up to
250 m guarantee every sample plot or its sector to fall
into a stand different by site, prevailing tree species
or age and maximal (even 98 — 99 %) representation
of object diversity. This allows to state, that Lithua-
nian NFI sampling design is very close to the sam-
pling design with allocation of individual sample plots.

5. NFI by sampling method of 1998-2002 allowed
to estimate the area of all Lithuanian forests with
+1.1%, while the growing stock volume with +1.5%
standard error (probability 0.683), to reveal all chang-
es efficiently and significantly earlier (8 years) than
by SFL

6. Tendencies in SFI to exclude small trees, espe-
cially of second storey, to reduce mean stand heights,
stocking levels, to increase stand ages were revealed,
in the consequence of which the growing stock vol-
umes and volume increments were underestimated,
especially in more complicated for inventory stands,
also growing in private and reserved for restitution
forests.

7. In Lithuanian forests by 17% greater wood re-
sources were ascertained, especially of softwood de-
ciduous species, an intensive wood increment accu-
mulation, moderate forest use approaching the limit of
one half of volume increment shows an immense po-
tential of forests solving economical, social and envi-
ronmental tasks in the country.
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3®DPEKTUBHOCTDH BHIBOPOYHOM CXEMBI M JIOCTOBEPHOCTH PE3YJIBTATOB
HAIIMOHAJIbHOM JIECOMHBEHTAPU3AIIMU JIMTBBI

A. Kyaemnce, A. KacnnepaBuuioc
Pesiome

OCHOBHOM I1€JIbI0 MCCJICAOBAHUS SIBISETCS OLICHKA HOCTOBEPHOCTH U 3(P(PEKTUBHOCTH BBHIOOPOUYHON CXEMBI
HaloHaJIbHOH JleconnBeHTapu3anuu (HJIN), npumensiemoit B JIutee ¢ 1998 1., a Takxke pe3yIbTaroB NepBIX IATH JIeT. [t
HCCJIeIOBAHMS HCIIOIb30BAHBI JaHHBIE TIOCTOSHHBIX YUETHBIX IUIOMIAI0K, 0OMepeHHBbIX B TedeHnue 19982000 rr., 0600mEnHbIe
nmarneie HJIW JIuteer 1998-2002 rr, a Takke gaHHBIC yuéTa JIeCHOTO (pOHIa, OCHOBaHHBIC Ha akTyaynu3anud k 2002 . 6aHka
JTAaHHBIX TIOBBIAETBbHON econHBeHTapu3anun (I1JIN).

B pesynbrare uccieoBaHus YCTaHOBICHO, YTO 3aBUCHMMOCTh H3MEHYHBOCTH 3amaca Ha OOJIBIINX JICCHBIX IUIOMIAAX OT
BEJIMYMHBI IUIOLIAI0K BbIpakaeTcs B 2-3 pa3za MEHee 3HAYMTEIbHOH CTENEHH IO CPaBHEHMIO C TOH k€ 3aBUCHUMOCTBIO B
TOMOTEHHBIX JpeBocTosiXx. Koaduuuent Bapuanuu 3amaca cTBOJIOBOH JPEBECHUHBI Ha OOJBIINX JICCHBIX IIIOMIANIX
ymenbinaercst ot 74,2% mo 55,7% ¢ yBennuenuem BenuuuHbl miomagaok ot 100 mo 500m% ITytem aHamm3a 3atpatr must
MHBEHTapH3aIH1 00BEKTAa C ONpeIeIEHHOI TOYHOCTBIO YCTAHOBIEHA ONTUMANIbHAS BETMYHHA BEIOOPOYHOMN MITONIAKH, paBHA
500m2. Thnomaaky ONTUMAaIbHON BEIMYMHBI MO3BOJSIOT CHU3UTH 3aTPaThl JUIs 00beKTa MHBEHTapu3aluuu Ha 35% 1o
CPaBHEHHUIO ¢ IUIOIIA[KaMi BeiandnHoW B 100M%. OnNTHMHU3ALMs BEIHYMHBI TUIOIAJ0K yuéTa M WX IPYNIHpOBaHue no 4
MO3BOJIMJIO JOCTUYb PABHOBECUS 3aTpaT BPEMEHU Ha IEpees3/ibl — IepexXobl ¢ 3aTpaTaMy JUll yuéTa JepeBbeB Ha ILUIOLIAJKE,
KaK OHOTO U3 TOKa3aTeleld ONTUMAIbHOCTH CXeMBI BBIOOpKH. CBeneHHE KOMMUYECTBA YUIETHBIX IUIOMIANOK OMPeaeIEHHOTO
TpakTa B TpyTIe APEeBOCTOEB, TOMOTEHHBIX 110 OTHOMIGHHIO Mpeobiafaromiei Mopoabl, Bo3pacTa U Kiacca OOHHTETa K
muHuMyMy (1,08) rapaHTHpyeT MakCHMalbHYIO PElpe3eHTaTHBHOCTh Pa3HOOOpa3us BCEro 00beKTa M JIaéT OCHOBY JUIS
YTBEPXKJCHUs, UTO UCIOIb3yeMasi cXxeMa BBHIOOPKH OJIM3Ka K CXeMe C PaBHOMEPHBIM OJMHOYHBIM Pa3MENICHHEM YYETHBIX
IUIOMIA/IOK Ha OOBEKTE.

Jannsie HJIW, ocHOBaHHBIE Ha HEMOCPEICTBEHHBIX, BEICOKOTOYHBIX H3MEPECHUSX, SIBISIFOTCS M3BECTHONH TOYHOCTH U
JIOCTOBEPHOCTH, Topa3ao Oojiee onepaTHBHBIMU 1O cpaBHeHHIO ¢ AaHHbIMU [IJIU. ITnomans neco Jluteel Bo Bpems HJINU
1998-2002 r.r. OblIa OICHEHA CO CTaHAAPTHOM omubOKkoi + 1.1%, a 00Kl CTBOIOBOM 3amac — CO CTAHAAPTHOM ONIHOKO#
+1.5%. OcHOBHBIE M3MeHEeHHs B Jiecax JINTBBI ObUIM BBISBICHBI Ha 8 jeT paHpmie 1o cpaBHeHuio c¢ [1JIM. BeraBnenst
TCHACHIINH 3aHIDKESHHS 3a11acoB M IPHPOCTA IO 3aIacy, CPEIHNX BBICOT, OIHOT U yBenndeHus Bozpacta [1JIM oObsicHeHBI Kak
pe3ynbTaT HEAOydeTa MEIKUX JePEBEB, a TAKXKE HECOBEPIICHCTBA U OTPAHNYCHHO CTH IPHIMEHAEMOH TEXHOJIOTHH, METOJIOB H
HOPMAaTHBOB TOBBIJIETbHO I€CONHBEHTAPH3AIUH.

KnawueBbie cioBa: BBI60p0'~IHa$[ JICCOMHBEHTapus3anus, 3aTpaTtel BpEMEHHU, CXEMa BI;I6OIZ)KI/I7 ec 3(1)(1)€KTI/IBHOCTI),
ONTUMAJIBHOCTD U PEIPE3CHTATUBHOCTDH, JOCTOBEPHOCTL TaHHBIX.
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