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Variance of timber volume in stands of difterent species as well as expenses to allocate sampling plots of various size have
been studied. Minimizing expenses per inventory object, optimal size (500 m?) of a plot has been ascertained. For permanent
observation a complex sampling unit has been determined, consisting of circular plots 500 m? in size for trecs thicker than 14 cm,
106 m* — thicker than 6 cm, its quarters — for thicker than 2 ¢cm and all planted saplings, strip 3 x 20 m in size for sampling
undergrowth, underbrush and regeneration, two angle-count plots for the estimation of the mean parameters in a stand.

in the result of analysis of the ratio between cxpenses to attain the object (driving and walking) and make measurements in
plots, the purposefulness of grouping plots in 4 was determined. In order to raise representation of sampling design by minimizing
probability of occurrence of more than one plot on the same site and taking into account the average size of a stand
compartment, its configuration, the length of tract edge in Lithuanian forests was estimated to be 250 m. Irregular distribution
both by distance and direction was ascertained for linear objects: block lines, roads, ditches. streams. which arc able to affect the
changing paramecters of stands and tracts by the wave principle. This served as the basis for svstematic with random start

allocation of groups of plots - tracts and orientation of their edges towards the main parts ot the world.

Key words: plot. optimization, cxpenses, variance, grouping, tract, regularity.

Introduction

In carrying out national forest inventory by sampling
method the main unit is a sample plot. Most often circular
plots with constant radius are used. Their size depends on
measured parameters, their variance, and time input needed
to find and measure the plots. This is preconditioned by
species diversity in the forests, stand composition pecu-
liarities, management intensity of the forests. The plots are
usually joined into groups (Ranneby, 1987; Schieler, 1995,
Kuliesis, 1989) when looking for optimum between the Jevel
of object representation and expenditures to reach and mea-
sure the plots. The number of plots in a group and the dis-
tance between plots in it depend on forest accessibility,
stand area, diversity of sites. Only in rare cases (study on
European forestry information and communication systems,
1997) sample plots in the country forests are allocated indi-
vidually.

Hitherto in Lithuania there were used in practice
sample plots of different size but with equal number of
trees in them, on average 20 - 30 trees (Kuliesis, 1971;
Antanaitis, 1973, Juknys, 1975). Sample plots of varying
radius in the inventory object carry a subjective element
using them for area estimation, as far as the size of a plot
and representation of different land categories during
sampling will depend on a subjective decision of the

surveyor. Using plots of different radius, the area of
plots becomes the weight while estimating the main cha-
racteristics — volume, increment, due to which the results
having one meaning are impossible (Kulie$is, 1994,
Payendeh, 1986).

Sample plots with changing area are least suitable
for permanent measuring. Trees occurring in sampling
when enlarging the plots may be interpreted as tempo-
rarily measurable.

For the national forest inventory by sampling
method the main task arises to base the size of sampling
units, their construction and grouping,.

Aim of investigation

In order to create an optimal sampling design for
Lithuanian forest inventory, to carry out inventory with
minimal [abour expenditures at determined accuracy, it is
necessary to optimize the size of sample plots, their con-
struction and joining into groups — tracts, tract form,
length of edges, their orientation.

Investigation object, extent

Studies on tract edge length have been conducted
in the forests of the BirZai forest enterprise arranged on
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the GIS basis. In the forests there were evenly allocated
10 squares 2x2 km in size with edges oriented in NS-EW
directions. In the study object 30-80-year-old mixed
broadleaved stands with spruce and mixed spruce
stands with admixture of softwood deciduous trees
prevail. The average stand compartment size varies
within the range of 1.7-2.2 ha.

To ascertain tract form and edge orientation, the re-
gularity of distribution and direction of the most common
linear objects in the forests were studied in all Lithuanian
forests. The direction and distribution regularities of block
lines, roads, streams and ditches were assessed using di-
gital data basis of satellite image map with an added layer
of forests at the Forest Inventory and Management Insti-
tute. To select the study objects a scheme of dividing the
map of Lithuanian territory (S 1: 50000) into squares of
25x25 km was applied. Of 136 squares 20 evenly distri-
buted on the whole territory were chosen for the study.

The size and structure of a sample unit were studied
according to test inventory data in Jaré forest district of
the Kazly Rada training forest enterprise (Kuliesis, 1996;
Kasperavi¢ius, 1997) as well as experimental measure-
ments in Lithuanian forests. With the aid of pilot study
national forest inventory was carried out in the Kazly
Riuda forests in 1996 on an area of 4263 ha by allocating
on forest land 142 permanent sample plots (Table 1). In
accordance with species composition the object of pilot
inventory is close to Lithuanian forests, except a some-
what greater prevalence of black alder stands. In the
object of pilot inventory pine (40%), black alder (20%),
spruce (19%), and birch (16%) stands prevail. Other
species comprise only 5%. Quite productive sites prevail
in the object. Pine and spruce stands are characterized
by 29 m height index, black alder — 26 m, birch stands —
25 m. A lot of overmoistured and marshy sites have been
drained. Well-formed 49-year-old (pine — 56, spruce — 54,
softwood deciduous — 43), stands of higher than the
average stocking level (pine stands 0.8, spruce and black
alder stands — 0.73, birch stands — 0.67) predominate
with slightly pronounced second storey.

After elaboration of a preliminary sampling design
for Lithuanian NFI, in the autumn of 1997 test measure-

Table 1. Distribution of study sample plots (PI — pilot
inventory object, LT — rest region of Lithuania)

ments were made in different regions of Lithuania cover-
ing forests with possibly more diverse species compo-
sition, structure and site conditions (Table 1). In the
Kaunas region 8 sample plots were measured, TelSial —
6, Kur§énai — 4, Varéna - 14 and Ukmerge — 19. A total
of 51 sample plots were measured, quite sufficiently
representing stands of different species composition,
age, stocking level and site conditions (Table I).

Methods

Edge length of the tracts was studied within 125 -
400 m range. In each of squares of 10 2x2 km in size on
the digital map of the Birzai forest enterprise forests
plots of 500 m* were allocated by using 125, 250 and 400
m network. In each case the occurrence of plots of the
same tract on the same site was recorded.

In ten squares of 25x25 km in size allocated on the
Lithuanian territory all section lines were identified, their
starting, intersection with other linear objects or turning
points were ascertained. For each segment the direction
and length were estimated. To assess the direction, all
section lines were divided into 2 groups: oriented to-
wards NS and EW direction. In order to ascertain distri-
bution regularities of other linear objects, 1n each square
the largest forest tract was selected. Its centre was
crossed by two perpendicular lines directed towards NS
and EW, the distances between crossing the lines
routes, roads, ditches and streams were determined. The
mean distances among linear objects, their standard
deviations were calculated for each tract separately and
then for the whole Lithuania.

In the experimental Kazly Riida object evenly on the
whole area every 1000 m square tracts of 400x400 m have
been allocated. On each edge every 200 m one main per-
manent and one auxiliary — temporal plot have been
singled out. In permanent plots of 400 m? in size all trees
more than 10 cm in diameter in them have been measured.
Trees with less than 10 cm in diameter have been mea-
sured in plots of 100 m®. Measurements have been made
using compass, 50 m measuring tape, ultrasound distan-
ce measurer to estimate the distance to the tree at I cm
accuracy; Swedish calliper to measure the diameter at |
mm accuracy and Silva heightmeter to measure the
height at 0.5 m accuracy.

During test measurements in other regions of Lithu-
ania the area of plots was enlarged up to 500 m* Trees
with 14 cm in diameter and thinner ones were measured
in plots of 100 m?. In accordance with unified methods
of dendrometric estimation (Kuliesis, 1989) in plots of
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any size the volume of trees and other parameters were
estimated. For a group of i-size plots the variance of tree
volume was estimated.

dy; : ;
S Kk oy 100(11)‘ (1)

vV, -
M,

where:

0, - standard deviation of tree volume,

v

0, V " ———=7 )

1\/1,1 - volume of trees in plots /,
M, - the mean volume of trees of i-size plot group,

1, - number of plots of size

Photography of operation time allows us to estimate
time input for various measurement operations. Total time
consumption to inventory an object at chosen accuracy
by using i-size plots

L=n-I, 3)
where:

[, - time input to find and measure one i-size plot,
1, - number of i-size plots.

n=—" . 4)

P - accuracy of object inventory,
¢t - Students statistic value.

Plot size requiring least time input for inventory at
settled accuracy is held optimal.

Results

Optimizing size and structure of a tract and sample
plot, division of forests into sites, their size, location,
direction of linear objects, distribution regularity, time
and labour expenses to measure and reach plots of
different size, as well as volume variance in sample plots
were estimated.

Tract edge length

The average stand compartment size in Lithuanian
forests is nearly 2 ha. Having square sites with insigni-
ficant changes in their size it would suffice to allocate
plots every 140 m and thus ensure falling of each plot into

a different site. As far as stand compartments are changing
in their size and form, the distance of plots allocation was
studied in a wider range — from 125 to 400 m in length.
Plots on the border of two and more different compart-
ments are divided into two or more sectors. Plots situated
inside the compartment are complete, i.e. without sectors.

Variation in the number of plots per site measured
by standard deviation from the average is quite stable
both in a separate object (square of 2x2 km) and whole
experiment — among objects. When tract edge length is
125 m, the standard deviation of the number of plots
per site from the average makes up 4% both taking the
mean number of al{ plots with sectors and mean number
of complete plots without sectors. Under edge length
enlarged by 250 - 400 m, variation in the number of
complete plots per site decreases up to 3-4%. The least
variation in the number of plots without sectors per
site comprises 1% under tract edge length of 400 m.

When tract edge length is 125 m, on average 1.34
plots without sectors of the same tract fall per one site.
Under edge length enlarged up to 250 m, the number of
plots per site decreases up to 1.06. In case edge length is
400 m practically every plot occurs in a different site, The
number of al plots, including sectors, per site is 20 - 25%
less than the number of plots without sectors falling per
site. [t means that every fourth plot falls on the border of
two or more sites. When tract edge length is 125 m, the
total number of plots, including sectors, falling per site is
1.14. Under edge length enlarged up to 250 m, the number
decreases up to 0.82, while under 400 m in length the total
number of plots per site decreases up to 0.75. In all cases
the line of plot number variation depending on tract edge
length turns at 250 m point (Fig. 1). This shows that furth-
er enlarging of tract edge length has little effect on the
number of plots falling per site.
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Fig. 1. Number of plots per site depending on tract
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Fig. 2. Distribution of the number of block lines by the edge
length size of direction angle

While carrying .out state forest inventory in 1969,
sample plots in a tract were allocated every 200 m, on
average 1.1-1.2 plots fell per the same stand compartment
(Kulie§is, 1971). In our test, after edge length had been
enlarged up to 250 m, the number of plots falling per site
decreased up to 1.06. Therefore, the results of our
studies conducted on the forests of the Birzai forest
enterprise are close to these of the inventory in 1969.
This proves that the results obtained in the BirZai forest
may be applied for the inventory of the whole country.

Direction of block lines

A total of almost 15 thous. lengths of block line seg-
ments were measured, half of them in NS direction and
slightly less in EW direction. Most NS block lines are
oriented in NW 2.1° direction, while these being perpen-
dicular to them — in NE 88.7° direction. In each square the
angle of section line direction changes from 5 to 20
degrees. Distribution of the number of lines according to
the direction angle size (Fig. 2) shows, that a consider-
able portion of lines on both sides deviate 10-15 and
more degrees from the average.

Thus, even if the general mean angle of lines direc-
tion is close to NS and EW directions, variation in direc-
tion angle is quite great in a concrete location. Variation
in the direction angle of lines is great among different
regions as well. Here it reaches nearly 5 degrees on both
lines of NS and EW direction. The most distant from the
republic’s average are the angles of NS block line direc-
tion in the forests near Balbieriskis (+8.7°), Tel$iai (+6.5°),
Ramygala (+6.9°), Taujénai (-5.4°), Dikstas (-6°), Auks-
tadvaris (-6.1°), Ei§iskés (-8.5°). In the greater part of re-
gions studied (16 from 20) block lines of NS and EW

direction are almost perpendicular to each other. In the
rest regions the angle of crossing of block lines deviates
3 - 7 degrees from 90%. Great variation in the direction
of block lines cannot create a situation for an increased
occurrence of plots on block lines and it is quite accept-
able to orientate the direction of tract lines in NS and EW
directions.

Estimation of distribution regularity of linear objects

A total of 240 intervals among linear objects cross-
ing lines in NS direction and 239 lines in EW direction
drawn in the largest tract of each of 20 squares of 25x25
km were measured. The length of lines drawn in NS di-
rection and used to check the intersection of various
linear objects ranged in different squares from 3.2 to 19.1
km, while in EW direction from [.8 to 21.8 km. The length
of lines checked on both directions as well as the num-
ber of linear objects crossing them differed insignificant-
ly. It shows that linear objects in studied regions are
equally oriented both in EW and NS direction.

In objects studied section lines occur most frequent-
ly. The average distance between block lines oriented to-
wards EW and crossing NS line is equal 634 m, while bet-
ween those oriented NS and crossing EW line equals 563
m. Variation in distances between section lines in both
directions comprises 47%. EW oriented ditches and streams
are located every 1233 m, roads — every 1648 m. 40% of
studied linear objects (roads, ditches and streams) were
recorded not more than once. Great variation is charac-
teristic of the location distances of roads and ditches.
Variation in distances among EW oriented roads 1s 1358 m
(82 %), while among streams and ditches of the same
direction — 1938 m (157%). In NS direction roads are locat-
ed more sparsely (1771 m), streams and ditches — more
densely —every 1137 m. Variation here is less as compared
to roads oriented EW and makes up 985 m (56%), while that
in distances among ditches and streams is similar, as com-
pared to EW oriented ones — 1747 m (154%).

The most frequent reiteration period of linear
objects oriented in both directions is 375 m, however,
quite a large number of intervals was ascertained for re-
iteration intervals up to 2.6 km (Fig. 3.).

Practically no essential differences in the number of
linear objects directed NS and EW, in distances among
them and in variation in the distances have been found.
The results of this study confirm that square form of a
tract is most appropriate.

The results of the study have shown a great varia-
tion in distances among linear objects in Lithuanian fo-
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Fig. 3. Distance among lincar objects crossing EW (A) and
NS (B) lines

rests. Most frequent distances among linear objects are
not multiples for a planned in the sampling design 250 or
400 m in length of tract sides. Most important is the fact
that linear objects have no prevailing orientation, they
are evenly met in NS and EW directions, and as the di-
rection variation in block lines, the most frequently
occurring linear objects, shows, it 1s so even in all the
rest of directions.

Thus, tracts should be located according to system-
atic with random start network, uniform for the whole
Lithuania. Individual forest tracts on the territory of
Lithuania are located quite randomly. The direction of
block lines and other linear objects and distances among
them are projected in each forest tract independing of
each other. All this preconditions that a uniform system-
atic location of tracts on the entire territory of Lithuania
will represent the whole diversity of forest and forest
lands as well as its categories. A very pronounced varia-

tion in the direction and distribution frequency of linear
objects requires no special conditions for the location
regularity or direction of sampling units. These parame-
ters should be ascertained in such a way that sampling
units were not concentrated too much and it would be
convenient to realize practically such sampling design.
Distances among sample plots (250 m) were determined
taking into account the average site size in Lithuanian
forests. Under the absence of regular location reiteration
of streams, roads, ditches, 1t is practically most conven-
ient to allocate sampling units on the edges of a square
oriented in NS — EW directions.

Dependence of tree volume variance on plot size
and stand peculiarities

Tree volume variance dependence on tree species,
age, stocking level and site productivity was compared
according to plots measured in the Kazly Rada forests
with the measurements made in the forests of other
Lithuania’s regions (Fig. 4).

In the Kazly Rida forests the least volume variance
is characteristic of pine and black alder stands, then fol-
low spruce, birch and other broad-leaved stands while
analysing volume variance in different regions of Lithu-
ania i.e. under different conditions, less volume variance
in pine and broad-leaved stands may be explained by in-
sufficient number of plots (Table 1) and insufficient re-
presentation of diversity.

The greatest volume variance (coefficient of vari-
ation over 100%) is peculiar to stands aged 20 years.
With increasing age variation in tree volume decreases
in the Kazly Ruda forests constantly, while in the whole
Lithuania only up to 60 years of age. Stands aged up to
60 years are less affected by irregular thinning, wind-
breaks and other factors having negative impact on
stand structure, and, growing intensively they smooth
down the consequences of this impact. Later stand
structure starts worsening irreversibly, thus, volume va-
riation increases.

With increasing stand stocking level from 0.25 to
0.65 volume variation decreases 2-3 times. In stands with
greater than 0.65 stocking level volume variation stabil-
1izes. In stands of the Kazly Ruda forests with greater
than 0.95 stocking level the variation in volume increases
due to accidental and unforeseen formation of gaps in
them. This shows that the most stable spatial structures
are stands with 0.7-0.9 stocking level. Volume variation
here is within 30 - 40% range. While grouping stands by
stocking level it is possible to decrease the dependence
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Fig. 4. Dependence of tree volume (I + 11 storey) variation on tree species, age stocking level, site productivity index in Kazly

Riuda and other Lithuanian forests

of variation in tree volume on sample plot size. In groups
of stands homogeneous according to stocking level the
impact of plot size on volume variation is minimal. On
plot area increasing from 100 to 500 m’ the coefficient of
volume variation on average decreases 2-5%, while in
stands with 0.3 stocking level even increases 25-30%.

The highest volume variation is observed on sites
of low productivity. It is the consequence of greater site
fertility variation. With increasing site productivity volu-
me variation decreases, whilest in very productive sites
of Lithuanian forests it starts increasing. This is the
result of the most uneven and insufficient utilization of
productive sites.

Volume variation tendencies depending on plot size
in Kazly Riida and other Lithuanian forests are very simi-
lar (Fig. 4). The coefficient of variation in the Kazly Ri-
da forests on plots of 300-400 m?* in size is 3 - 5% less as
compared to that of volume variation in other Lithuanian
forests. It demonstrates that only bigger plots may
reliably reveal volume variation and diversity of stand
structure in a region. Overall tree volume variation in
Lithuanian forests is greater than the variation in forests
of an individual region.

Different authors (F.Freese, 1961) quite often point
out that the ratio of squares of coefficient of variation in
plots of differing area is adversely proportional to the
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square root of their area ratio. In Lithuanian forests this
peculiarity is expressed in a quite weaker way. If plot area
increases 5 times, the ratio of squares coefficients of vo-
lume variation decreases 1.4 times instead of foreseen 2.2
times. Tree volume variation in Lithuanian forests differs
very slightly in plots of 100 and 200 m?. With increasing
plot area from 400 to 500 m* volume variation in spruce
and birch stands fails to decrease, sometimes even in-
creases (Fig. 4). In stand groups with equal stocking
level as well as in stands growing on sites of the same
productivity volume variation is practically independant
on plot size. In stands of low stocking level it is vice
versa — volume variation increases with increasing plot
size. These peculiarities show, that the specific structure
of Lithuanian forests, which especially in recent years
have been forming under unfavourable factors: wind,
drought, pests, being characterized by high volume va-
riation, (50 — 80%) require special attention during in-
ventory.

Time input

General time input may be divided into 2 parts: tract
and plot. Tract input comprises time expenses for driv-
ing to the tract, finding it, marking in nature and register-
ing on maps and schemes. Plot input comprise direct
measurements in the plot and walking among plots.

Estimation of time input per tract

Time input per tract depends on the average dis-
tance between the tract and campsite of the working
group as well as distances among tracts. In Kazly Rida
experimental object tracts were on average 7.4 km away
from the object (Kulie§is, 1996, Kasperavicius, 1997).
Travelling to the tract took on average 17.4 min. With
different distance from the campsite to the tract
changes the time required to travel 1 km. In case the dis-
tance is greater than 10 km the mean speed of driving
car (Niva) approaches 30 km/h. For the sake of conven-
ience campsites of working groups are situated in the
centres of forest enterprises or regions. Given possible
number of campsites (40 — 45), difficulties arise in
researching tract directly. The mean way from campsite
to tract in Lithuania was estimated 30 km, while the way
between two adjacent tracts — 23 km. Therefore, time
input necessary to reach tracts in Lithuanian forest will
essentially differ from that required in the Kazly Riida
forests due to increasing distance. Other expenses re-
main constant (Table 2).

Table 2. Comparison of time input required to
find and measure tract in Kazly Riida and other
Lithuanian forests (3 surveyors)

No. Operation Time input per tract, min.
Kazly Rida ‘ Lithuania

1.1 | Preparation for work 134 | 13.4

1.2 | Driving to the tract 17.4 | 60.0

1.3 | Preparation for survey 7.3 73

1.4 | Finding the tract 6.4 6.4

1.5 | Control of adequacy starting 6.4 6.4
and finishing points at tract |

1.6 | Return to the car 10.2 } 10.2
Total 61.1 | 103.7

Of 392 tracts planned to measure annually in Lithu-
ania 81 (21%) has one sample plot, 78 (20%)-2, 59 (15%)-
3 sample plots and only 175 (44%) are complete, 1. . have
4 sample plots. It is obvious that not less than 2 objects
will have to be measured per day, thus, it is urgent to
estimate time required for driving between two tracts.
Taking into account the distance between tracts (23 km)
and the contents of operations (remains unnecessary
preparation for the workday), the duration of 76.3 min.
was estimated to drive from one tract to another and to
find it.

Estimation of time input per plot

Time input in permanent plots was estimated separa-
tely for Kazly Rida and other Lithuanian forests (Table 3).

Table 3. Comparison of time input required to single out and
measure sample plot (400 m? in Kazly Riida and 500 m? in
other Lithuanian forests (3 surveyors)

No. Operation Time input per plot, min.
Kazly Rida | Lithuania |
2.1 | Walking 10.6 ‘ 8.0
2.2 | Marking of the centre 49 | 3.7
2.3 | Dclimitation of circular plot and measurcment 20.5 | 19.1
of trec diameters
2.4 | Sampling of trecs in angle count plots 9.5 ‘ 5.0
2.5 | Mcasurcment of tree heights 6.9 6.9
2.6 | Mcasurement of tree age and increment 6.8 6.8
2.7 | Description of soil, site 32 2.5
2.8 | Counting and description of underbrush and 4.0 28
undergrowth ‘
2.9 | Filling in the card 8.4 6.3
2.10 | Finishing 24 | 32
- Total 772 64.3

Time variance of most operations per plot, express-
ed by the coefficient of variation is found to be 55-60%,
its sampling error estimated 7-10%. In accordance with
estimated time consumption to perform different opera-
tions, the structure of time input to measure sample plot
was elaborated. Time input to measure sample plot with
the aid of three surveyors in the Kazly Rida forests
comprises 77.2 min., in other Lithuanian forests — 64.3
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min. A decrease in time input by almost 20% may be ex-
plained by reduced volume of measurements in Lithuanian
forests. Instead of allocating 3 angle count plots in the
Kazly Rada forests in other forests of Lithuania tZzo angle
count plots have been allotted. The area of a circular plot
in Lithuanian forests was enlarged up to 500 m?, but the
number of measurable trees was reduced by increasing
their diameter from 10 to 14 cm.. After experience had been
gained and skills acquired, the organizational work, walk-
ing from one plot to another (mean walking speed 1875 m/
h), marking the centre of a plot, describing soil, under-
brush, filling in the card, etc. were improved.

Most measurement operations are independent of
plot size. Only tree diameter measurement in circular
plots, tree height measurements in circular and on angle
count plots as well as tree age and increment measure-
ment on them depend on plot size. Taking into account
time input necessary to measure one tree diameter,
height, age increment (Kuliesis, 1996, Kasperavicius,
1997), as well as the dependance of the number of trees
on their number per plot, time input required to carry out
these operations in plots of differing size was estimated
{Table 4)

Table 4. Time input required to measure plot depending on
its size (3 surveyors)

5 2 Kazly Riuda |
Plot size, m |
No Operation Lithuania

'ime, min
100 [ 200 [ 300

ircular plot and tree | 14.2 | 166

400 | 500

| 2.3 | Allocation o 20.5 |

[
[
‘ 176 | 191

diameter measurement 113 187

| 2.5 | Tree height measurement

| 2.6 ‘ I'ree age and increment measurement ot
t

Zlw
20

)

6.3
342 1
30.2

l

53|

\ Total | 2222 l
L 20.6 24.1

Bearing in mind that the number of angle count plots
is reduced up to two, greater diameter (14 cm) of
measurable trees in plot of 500 m?, in Lithuanian forests
has been estimated 4 % less time input as compared to
analogous input in the Kazly Rida forests.

Plot size optimization

To estimate optimal plot size in Lithuanian forests,
volume variance per plot has been simulated (Table 5).
It has been found, that the coefficient of volume varia-
tion decreases from 68 to 58 % while plot size increases
5 times — from 100 to 500 m?.

Table 5. Estimation of time input to detrmine volume per
object at the 5 % accuracy

[ Characteristics 1

Plot size, m*
100 [ 200 [ 300 [ 400 [ 500 |

7652 | 642 | 612 |

T
|

|
| |

59.2 58.0 |

Coefficient of variation per plot, % |

Number of plots to estimate volume at 5 %

|
sampling error | 186 } 165 | 150 | 140 | 135
Time input per plot, min 521 55.6 1 58.8 | 61.7 @ 643
Time input for walking per plot, min | 259 259 i 259 | 259 | 259 |
Time input for measurement and driving | |
per plot, min 780 | 815 | 847 | 876 | 90.2 |
|

Total time input to inventory object : | [ |
in plots without walking and driving | 9691 1 0174 | 8820 | 8638 | 8680 |
in plots, including walking and driving | 14508 * 13448 | 12705 | 12264 | 12177 ]

In accordance with the coefficient of tree volume
variation the number of plots needed to estimate the
volume in an object was calculated at the 5 % accuracy.
To obtain the same accuracy per object, it is necessary
to have almost by 38 % less plots of 500 m?* as compared
to the number of plots of 100 m2. Time input required to
measure plots of different size was ascertained. With
greater size of plots from 100 to 500 m? time input in-
creases almost by 20 % (Fig. S, B). By including driving
time falling per plot, time input increases only by 13 %
while plot size increases even by 5 times. This accounts
for the fact that most time consuming operations (driv-
ing, walking, determination of general plot characteris-
tics) are independent of plot size. Including only work in
the plot, the least time input was obtained in the whole
object by using plots of 400-500 m? in size (Table 3, Fig.
5, C), while together with driving — minimal time input
results from using plots of 500 m?* By using plots of 500
m?, as compared to these of 100 m?, time input approxi-
mately is reduced 12 %, while including walking and
driving — more than by 19 %, i. e. rather significantly.

In Lithuanian forests, taking into consideration their
configuration diversity, incomplete tracts will be allocated
as well. A considerable part will be singled out individual-
ly (7 %), in pairs (14 %) and in three (16 %) plots. Thus,
after optimal plot size, optimal construction of complete
tract had been estimated, it was important to estimate
time input required to measure tracts of varying size, driv-
ing to the tract, driving from one tract to another, i. e. ex-
cluding time of preparation for the work (Table 6).

While analysing time input required to measure
tracts of different size it has been found, that one day is
enough to measure tract of any size together with prepa-
ration and measurement of additional tract with missing
plots up to 5. By measuring tracts with 1 plot, only 3-4
plots can be measured per day. Thus, in allocating plots
individually time input should be raised 50 %. By
measuring tracts with 2 plots it is possible to measure 4
plots per day. Due to application of this sampling design
in all Lithuanian forests, time input would increase 25 %.
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Table 6. Estimation of time input to define volume in an

object at 5 % accuracy

| Number ofplots per tract.___|
L [ 2 | 3 T 4
Time input Number of plots per object, %
7 [ 14 [ 16 | 63
o Time input, min.
| Preparation for work 134 [ 134 13.4 13.4
Driving to tract and finding it 90.3 | 903 90.3 90.3
| Driving from one tract to another and finding it | 763 ; 763 | 763 76.3
Walking among plots | 40 | 120 | 200 320 |
Mcasurements within plots | 563 | 112.6 | 168.9 2252 |
| Total per tract [ |
with preparation for the day ‘ 164.0 | 2283 | 2926 | 3609 |
with driving from one tract to another 136.6 | 200.9 1 265.2 3335 |
Portion of time input per plot within total |
expenses, % |
with preparation for work 34 ‘ 19 | 58 62
with driving from one tract to another | 41 | S0 | 64 | 67

Work in the plot when measuring complete tracts and
driving from the campsite constitutes 62 %, while driving
from tract to tract — time input per plot increases up to 67
% of the whole time. While working in tracts with one
plot, measurements in plot would comprise 34 and 41 %
of the time respectively, and the rest of time would be
taken by driving. Having in mind, that on average per day
2 tracts with 2 — 3 or 1 and 4 plots would be measured, time
input per working day is distributed in the following way:
50 — 60 % for measurement of the plot and 40 — 50 % for
driving and walking between the tracts and plots. During
remeasurement time consumption within plot will de-
crease, and the ratio of driving to walking as well as work
in the plot will approximate each other.

The analysed sampling design, thus, is optimized in
respect of an individual plot measurement, its structure
and grouping. Sample plot of 500 m?is optimal taking into
account time input required to do the work in a plot,
walking among plots and driving among groups of plots.
After B. Zeide’s, 1980 the optimum criteria are: “time in-
put for plot measurement and for driving, as well as walk-
ing in an optimal sampling design must be equal, our
sampling design is also close to optimal.

Sampling design has been optimized also in respect
of tract size. Maximal number of plots per tract is 4, it
ranges from 1 to 4, on average in Lithuania being equal
to 2. 8. Each plot grouped in this way has a probability
to enter a different stand compartment or site. In the
Birzai experimental object in case division of plots into
sectors is included the average occurrence of one plot
per 1. 22 site has been ascertained.

Most frequent linear objects (streams, ditches,
roads, block lines), being able to affect forest formation
on a regular wave principle, are located irregularly. Varia-
tion in their direction and reiteration frequency often
exceed 100 %. By applying systematic sampling design

with random start, it allows us to avoid possible natural
and artificially created consequences of forest changes.

70 o Kazly Rida
r Other Lithuanian regions

[ )]

y =-6.0373Ln(x) + 95.568
» R’ =0.716
]

Variation coefficient, %
(=)
~
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Fig. 5. Optimization of plot size

A — dependence of tree volume variance on plot size;

B — dependence of time input to measure plot on plot size
C — dependence of time input to inventory object on plot
size

Conclusions

1. Studies of tree volume variance resulted in opti-
mizing, time input to measure plots and reach them, as
well as the structure of forests in respect of stand size,
distribution of linear objects and their location, the size
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and structure of sampling units for Lithuanian forest in-
ventory.

2. The average size of Lithuanian forest stand com-
partment is 2 ha. After allocation of plots in groups
every 250 m, a sufficiently high representativeness of
sampling scheme and occurrence of each plot on a
different (on average 0.82 of a plot or its sector fall per
one site) site is ensured.

3. Linear objects (rivers, streams, ditches, roads,
block lines) being able to affect the formation of forest
location on a regular wave principle vary both in their
direction and duration of reiteration period.

4. The most acceptable in respect of time input, its
structure, optimization of work, stand compartment size,
form direction of linear objects and regularity 1s a square
tract with 250 m long edges oriented in NS, EW direct-
ions with evenly distributed sample plots in it.

5. The least tree volume variability in plots is ob-
served in pine stands, in all 50 — 70 — year old stands
with 0.7 — 0.9 stocking level and average yield sites (H, |
=25-30m).

6. The coefficient of tree volume variation decreases
20 % and more under enlarged plot size by 5 times (from 100
to 500 m?). The coefficient of volume variation in the Kazly
Riida forests is 3 — 5 % less, as compared to that of volume
variation in other Lithuanian forests. In groups of stands
homogeneous according to the stocking level, age, site
yield the variation in volume slightly depends on plot size.

7. In order to minimize time input per object sampling
units have been optimally constructed. They consists of
circular plots of 500 m? for measurement of trees with more
than 14 cm in diameter, circular plots of 100 m? for
measurement of trees with more than 6 cm in diameter and
these of 25 m? for trees with more than 2 cm and for
planted trees of different diameters. Also 2 plots of angle
count have been set up for estimating stand parameters.

8. Optimized construction of national forest inven-
tory sampling units ensures the ratio 55 : 45 of time input
for work within plot and driving among plots and their
groups, as well as allocation of 5 permanent sampling
plots during working day by a field team consisting of
3 surveyors.
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OIITUMM3AILIMSA ITAPAMETPOB BbIGOPOYHBIX EIUHUIl YUYETA IS
HALIMOHAJIBHOHN JTECOMHBEHTAPH3AIIUN JIUTBBI

A. Kynemue, A. KacnepaBuuroc
Pesrome

H3ydena n3MeHUHBOCTD 3ar1aca APEBECHHB! B JPEBOCTOSX PA3LLIX [TOPOL M OMPEHE/EHbl 3aTPAThI HA 3aKJIANKY YUETHBIX
UIOLANOK PA3TMYHON BeleyuHbl. [IyTéM MHHHMH3ALMM 3aTpaT Ha OOGBEKT MHBEHTAPM3AUMH YCTAHOBIEHA ONTHMAaNbHas
sestMunHa wowanky 500 M2 A nocTOSHHOTO HaGJIOAeHsT B Jlecy ofpefe/ieHa KOMIUIEKCHAS YUETHAS eNHHUUA B COCTABE
KpyroBeIx mnowanox 500 M? mns nepesbes Tomue 14 cM, 100 M? — Tomwe 6 oM, 25 M* — TonWE 2 CM MM BCEX HEPEBLEB
KYJIBTYPHOTO TMPOMCXOXAEHUS. YUET MOApOCTa, MOLIECKd M JIeCOBO300HOBNeHMs Beuétca Ha jerte 60 m2. Cpensue
XapaKTEPHCTHKHU IPEBOCTOEB, BO3PACT M NPUPOCT AEPEBbEB NPH MepBoM 0OMEpe OprefesseTcd Ha JIBYX YITOBBIX [UIOIAKKAX.

B pesynbTate aHanu3a COOTHOLUEHHS 3aTpaT Ha cooblueHHe (nepee3nbl M Mepexonbl) Mexiy IUIOIANKaMH U H3MepeHHe
IEpeBbeB [1a MNOLANKE Olpelesiela 1enecoobpa3sHOCTh UX TPYMIHPOBaHKs No 4 miolanku B ofHo# rpynne (rpakre). C
LIeSTbIO TIOBBILUEHHS PETIPEe3eHTATHBHOCTH CXEMbI BBIOODKH MyTEM CHHUXKEHHS BEPOSTHOCTH romnanarus Gomee ofHON MIOLLANKH
B TOT Xe& BbIACN 0 MMHHMYMA U C Y4ETOM CpefHell BeJIMYMHBI BblIeNa, ero KoHgurypauuy, B necax JIMTBLI onpefieneHa ATHHA
cTopoHbl TpakTa 250 M. YCTaHOBIEHO OTCYTCTBHE PEryIsSpHOCTH pa3sMELleHHs JIMHeHHbIX 00BEKTOB! KBAapTAIBHBLIX MPOCEK,
KJHAMOB, PeK, CMOCOOHBIX MCKA3HTh OLCHKY JIECHBIX PECYPCOB NPH PEryIspHOM pa3MeIUeHHH eNHHHL yuéta. DTHM Obia
0BOCHORAHO CHCTEMATHUECKad CO C/Ty4alHbIM HAYaNOM pa3MellEHHe IPYIIBI IUIOWMANOK — TPAKTOB, ¢ OPHEHTAUHEH HX CTOPOH
Ha CeBep-10r, 3arnal-BOCTOK.

Kouesnie ciioBa: IUTOLAAKa, ONTUMU3ALMA, 3aTpaTbl, IPYIIIHMPOBAHHUE, U3MEHYHBOCTD, TPAKT, PEIYIIAPHOCTD.
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