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As a result of investigation continuing in Lithuania since 1966 the design, technology and contents of national forest
inventory (NFT) were hased. Practical implementation of NFI on the wholc Lithuanian territory was carricd out in 1998 along with
standwisc forest inventory. The first remcasurement of cstablished permanent plots will be finished in 2007 year. NFI is basced on
the mcthod of continuous, combined, multistage, systematic with random start sampling design. Continuity is guarantced by

combining permancnt -

rcgularly remeasured, invisible for foresters and tcmporacy — rcgularly renewed sample plots.

Mcasurements in forcst and databasc of digital satcllite image map arc combined in sampling design. The main aim of NFI is to
conduct complex and rcliable monitoring of natural resources in the forests. It allows us to control the dynamics of forest arcas,
cuttings, trce damage, reforestation and cfficicney of silvicultural measurcs at the state level in the most cffective way — growing
stock increment balance. Information obtained by NFI will provide the basis for objective forest statistics, forest resources
forccast, and simulation of the dynamics, strategy of policy and control of its cfficicncy.
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Introduction

The methods of traditional forest inventory in in-
dividual stands are aimed at obtaining information on
detailed and effective planning and organization of for-
estry on a certain territory. Without essential changes
in assessment methods and technologies used at
present, it is impossible to guarantee effective and suf-
ficiently precise parameters needed to ascertain chang-
es in the state of forests, to perform strategical plan-
ning and assessment at the level of the whole country.
A great deal of important parameters at present, such
as timber increment, mortality and allowable cut, tree
damages, in general, cannot be reliably determined by
applying previous methods. Many problems in forest
inventory have arisen after appearance of the private
forest sector in Lithuania with very small holdings.
These circumstances have led to the organization of
national forest inventory (NFI) based on a sampling
method.

Along with standwise forest inventory, continuous
national forest inventories at country level are carried
out in Sweden (Ranneby et. al., 1987), Finland (Kuuse-
la, 1978; Tompo, Sittonen, 1991), Norway (Tomter,
1993), Switzerland (Schmid ~ Haas et. al., 1993), Aus-
tria ( Schieler et. al., 1995), in other European (Study...,
1997) and North American countries (Barton, 1960). In

the USA such inventories are usually conducted not
at national level, but at the level of different forest
companies, states, on an area of several million hectares
(Bicford et. al., 1963; Smith, 1986).

Experiments of NFI in Lithuania

Following experimental forest inventory carried out
by a sampling method in 1966-1968 in the Kazly Riida
and Prienai forests, in 1969 all state forests in Lithua-
nia were inventoried by statistical method (Kuliesis,
1971; Antanaitis, Rep8ys, 1973). Then it was foreseen
to repeat statistical inventories every 10 years, howev-
er, they ceased due to a series of reasons.

First of all, the inventory of 1969 was aimed at sin-
gle sampling. The sampling design contained no per-
manent observation plots guaranteeing sampling con-
tinuity. Forest inventories carried out at that time in the
Democratic Republic of Germany (Grossmann, 1968) eve-
ry year by using only temporary plots have shown a
considerable variation in the results which cannot al-
ways lead to reliable assessment of the dynamics of
forest resources. In Lithuania such work lacked method-
ical background. There were no methods or standards
for the estimation of stand parameters on an individual
plot by applying small-size samplings. Some foresters
5) control the state of forest sites, their yield dynam
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were confused by the obtained high volume of the
growing stock (on average 165 m'/ha), as compared to
120 m*/ha which was announced at that time and re-
ferred to in 1958-1963, or the one found in forest re-
sources assessment of 1966- the mean volume 113 m?/
ha. It was not taken into account, that inventories, the
volumes of which were being compared, had been sep-
arated by an interval of 10 years and that actual vol-
ume differences from the viewpoint of time, comprised
only 7.3%. For these reasons sampling inventory in the
forests of the country failed to be carried out regularly.

However, inventory of state forests in 1969 by sam-
pling method has played a significant role in improv-
ing inventory of forests. In post-war years, seeking to
protect Lithuanian forests against boundless felling,
growing stock volumes were considerably reduced.
Growing stock volumes ascertained in 1958-1963 and
later were “growing” faster than it could be explained
by stand volume increment or its accumulation in a
stand. The data of sampling inventory in 1969 allow us
today to balance out the dynamics of growing stock
volume in post-war Lithuanian forests, ascertain forest
inventory discrepancies of that time, and obtain a val-
id growing stock increment balance.

In order to devise a method of controliing stand
yield in 1976 in the Dubrava forest continuous NF1 on
large forest scale was initiated, while in Sviloniai forest
district of Jonava Forest Enterprise- experimental inven-
tories of individual stands (Kulie$is, 1980, 1981, 1982,
1985, 1989). Essential difference of these inventories
from former ones lies in the combination pattern of
permanent inventory plots which are used also for the
control of management activities with temporary plots
in sampling design. In 1976 in the Dubrava forest on
the area of 5.7 thous. ha 188 permanent sample plots
were allocated and measured. In 1981, 1986, 1991 and
1996 they were remeasured. In the Sviloniai forest dis-
trict of Jonava Forest Enterprise at the same time ex-
perimental work was done in 14 stationary pine, spruce
and birch stands of thinning age. A quite new meth-
ods for plot allocation, marking, data processing and
analysis were elaborated, theoretical and methodical ba-
sis for the estimation of the growing stock increment
and its balance dynamics was laid (Kulie$is, 1989, 1991,
1994, 1998).

In 1996 experimental continuous NFI was proceed-
ed in the forests of Juré forest district of Kazly Rida
Training Forest Enterprise (Kulieis, 1996). The aim of
this work is to prepare for continuous sampling inven-
tory in Lithuanian forests by improving its methods,

sampling units, their construction, by elaborating tech-
nologies based on modern measurement tools and the
means of data recording, and by working out a method
of data collecting, control, storage and PC processing
programs. For the first time in sampling inventory of
Lithuanian forests in 1996 ultrasound distance measur-
ers were applied, the position of trees was determined
according to the distance and direction measurements,
the data were recorded by field computers as well as
other up-to-date measuring equipment. As a result of
studies, theoretical, methodical and practical precondi-
tions to organize continuous NF1 by a sampling meth-
od in Lithuania were created.

Aims and obhjectives of NFI

The aim of national forest inventory is to conduct
thorough monitoring of Lithuanian forests for efficient
(with the accuracy planned in advance) assessment of
the main forest parameters in the country or its regions.
The structure of parameters, their accuracy have to
meet the requirements of assessment of the state — of
— art of forests, forest policy - making and changes in
forests under strategical planning. The data obtained
during NF1 are used for official statistics on Lithuanian
forests.

The object of national forest inventory is the whole
territory of the country, which according to the Lithua-
nian Forest Law is qualified as land used for growing
forests and at the time of inventory subordinated to
forest enterprises, national parks, strict reserves, other
state institutions, private persons or is to be returned
to former owners. In order to guarantee observation of
the dynamics of land property, evaluation of afforested
land, national forest inventory will help us control the
whole territory of the country.

The main task of NFI in all Lithuanian forests ac-
cording to ownership property forms is to:

1) control the dynamics of forest areas,

2) estimate growing stock resources, their structure
and the dynamics at desirable precision,

3) determine the validity of other inventory meth-
ods of wood resources,

4) provide guarantees in the most effective way —
the balance of the growing stock increment:

-control of growing stock resources, their utilization,

- control of management efficiency at the state level,

- control of forest felling and reforestation,

- reliable strategic planning of forestry develop-
ment;
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5) control the state of forest sites, their yield di-
namics, utilization efficiency,

6) assess the state — of — art of forests,

7) assess the dynamics of forest ecosystems, their
health, damage and biodiversity.

Besides, by using the network of plots, other sil-
vicultural and nature - protective questions may be tack-
led:

1) game fauna abundance, account of its damage,

2) efficient evaluation of damage caused by storms,
pests or diseases,

3) continuous survey of changes in soil fertility,

4} account of other forest resources, etc.

Sampling design

National forest inventory started in Lithuania in
1998 was based on the method of continuous, com-
bined, multi-stage sampling. Sampling of units is car-
ried out systematically at random start by combining
repeated inventory of permanent plots with measure-
ments of temporary plots, and by combining over-
ground measurements with the measurements and as-
sessment on satellite image maps and aerial photos.

The aim of allocation of permanent plots is to es-
timate reliably (by way of repeated measurements) vol-
ume increment of trees, mortality and allowable cut, to
control the dynamics of forest area in the country.
Transformation of other land into forest is controlled
by satellite image maps and aerial photos every 5 years.
Temporal plots are aimed at controlling sampling repre-
sentativeness of permanent plots, at increased tree

volume estimation cfficiency by applying regression es-
timation methods. NFI sampling units were based on the
division of Lithuania’s territory into of 5x5 km squares
on LKS-94 maps, on the scale 1:10000. Each square of
5x5 km is subdivided into 25squares of 1x1 km, while
the latter into four squares of 500x500 m (Fig. 1).

At the first stage sampling data basis of satellite
map (scale 1:50000) is used. On the whole territory of
Lithuania sample plots are scattered, every 250 m ac-
cording to which the area is assessed by land catego-
ries: forest land, forests, formed on abandoned agricul-
tural Jand, brush, sands, quarries, peatlands, arable land,
urban territory: towns, settlements, farmsteads; water-
basins: rivers, lakes.

For the second sampling all the plots were taken,
which at the first stage had been ascribed to forest land
category. Every sixty-fourth plot from the first stage
was chosen for continuous permanent overground
measurement. Optimizing inventory design according to
time consumption and object representation degree of
sample units of different construction, the purposeful-
ness of grouping the plots in four were ascertained. For
this purpose on square of 1x! km 4 groups were formed.
In each of them 4 plots were set up. A group of plots
in the NW corner the square of S00x500 m was used for
continuous and permanent measurements, other groups
— for temporal ones. (Fig. 1B).

In order to distribute permanent plots more evenly
on the whole territory, as well as regularly control trans-
formations of other land categories and forest growth
there, a strictly systematic distribution pattern of per-
manent plots was applied. Groups of temporary Tree
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Figure 1. Sampling of NFI
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A ~subdivision of primary square of 5x5 km on 1:10000 scale map into squares of 1x1 km;

B — allocation of sample plots at the first sampling stage;

@, ..~ numhers of plot groups; 1, 2, 3, 4 - numbers of sample plots

O -permanent andO - temporary plots at the second sampling stage.
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plots were selected randomly from plot groups of the
first stage which had been attributed to forest land and
inappropriate for continuous permanent inventory.

Given the number of homogenous stands (strata),
minimal growing stock volume and increment estimation
accuracy, it is planned to establish not less than 1000
plots in the forest and measure every year, and over a
five-year period 5000 permanent sample plots. During
the following S5-year period every year permanent plots
will be remeasured and a similar additional number of
temporary plots will be set up. At the second stage
sampling intensity of forest land over 10 years will com-
prise 0.02%, on permanent plots — 0.0125%. Thus, one
group of permanent plots falls per 16 kim? of the territo-
ry. In accordance with kilometric network of coordinates,
groups of plots were distributed every fourth line and
every fourth kilometric column alternately every 4000
m. (Fig. 2A).

the same stand. This is usually done in angle count
plots.

Types of sample units, their functions

The principal sample unit is a permanent plot of
fixed radius (Figure 3).

The area of the main plot in horizontal projection
is 500 m? (R=12.62 m). For plots allocated on sloping
location, their radius is increased taking info account
the surface of sloping. On the main plot all trees over
14.0 cm in diameter are measured. In the centre of the
plot another a plot of 100 m? in size is singled out, where
all trees over 6.0 cm in diameter are measured. In the
first quarter of the i)lot of 100 m? in size, i.e. on 25 m?
area of naturally growing saplings, shoots over 2.0 cm
in diameter at 1.3 m height, as well as all planted trees
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In order to eliminate sampling subjectivity, the lo-
cation of the first permanent tract is determined at ran-
dom. The following procedure is used: sampling starts
from square of 5x5 km in the centre of Lithuania (Fig,.
IA). In this square, randomly, from 25 squares of 1x1
km twenty — second square has been chosen, in which
according to Figure 2A the first tract is marked.

At the third stage in measurable plots trees are se-
lected to estimate their height, age, increment, quality,
damage. They are chosen by using sampling propor-
tional to the size of chosen trees, most often to their
diameter, as well as systematically, or systematically
with random start. Sampling intensity comprises 20-30%
from all trees, the diameters of which have been meas-
ured. In permanent plots, seeking to protect trees from
injuries while boring holes, their age is determined ac-
cording to analogous trees growing nearby the plot in

independing of their dimensions are measured and
mapped.

Undergrowth and underbrush are taken into ac-
count in a 3x20 m strip-like plot allocated within the main
plot in the movement direction of 10 m to both sides
from the plot centre (Fig. 3).

At the distance of 20 m from the centre on both
sides of the movement direction 2 plots of angle count
with transfer coefficient K=2 are allocated. The data of
this inventory are used to determine stand species com-
position, age and increment according to primary meas-
urement data.

Sample plots are allocated in tracts, the edges (250
m long) of which are orientated in N-S, E-W directions
(Fig. 4). The centre of a circular plot is 25 m away from
the edge of a tract. By using measurement tape of 50 m
long the objectiveness of plot centre selection is ensured.
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Figure 3. Construction of 213
the main sample plot i
Ezom

movement! direction

A —sample plot for inventory of trees and stumps with diameter over 14.0 cm

B —sample plot for inventory of trees and stumps with diameter over 6.0 cm

C — sample plot for inventory saplings with diameter over 2.0 cm and all
planted trees

D - strip sample plot for inventory of undergrowth, natural regeneration and
underbrush

E — angle count sample plot for basal arca estimation

225m 25 m
Figure 4. Allocation of E —
sample plots in tracts q %
- sample plot of trecs
. plcp
c 8 * - sample plot of area cstimation
Y 3 N - sample plot of stumps
o /- sample plot of natural regeneration
oo
3
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sampling plots are allocated on forest land overgrown
with forest (forest plantations up to 10 yr.) and bare
forest land (cutting area, dead stand, glade, and land
area for afforestation).

Plots of angle count are allocated in stands with
the mean diameters over 10 cm. In stands with less mean
diameter the volume increment during the first inven-
tory is ascertained by a simplified method according to
tree volume in the main plot and their age determined
behind the borders of the permanent plot.

The main characteristics of NFI in Lithua-
nia and other European countries

National forest inventories by using permanent
sample plots in North American countries have been
carried out since 1930, while in Europe only since the
1980. Scandinavian countries having the oldest tradi-
tions of NFI by sampling method started using perma-
nent sample plots only in 1983, Austria — in 1986. At

present the most forested European countries perform
national forest inventories using permanent sample
plots (Table 1). Sampling schemes applied in European
countries represent the peculiarities of forests of each
country, their importance, other originalities of these
countries. In most cases plots are grouped. Only in
France with less forests or Switzerland with hilly relief
sample plots are allocated individually. In most coun-
tries 4 plots are distributed in each square tract. Scan-
dinavian countries in northern low yielding and heavi-
er accessible forests use bigger groups. Groups of plots
are often allotted every 4 km and only in northern for-
ests every 8-16 km. Plots within a tract are allotted every
150-600 m. This is preconditioned by the size of sites,
road network and accessibility of the location. Most
countries use circular plots of 250-500 m? and only
Austria, Germany, partially Finland — angle count plots.
The size of sample plots depends on forest diversity,
their composition peculiarities. In northern more homo-
geneous forests smaller plots are used, while in coun-
tries with high yielding forests — bigger ones. One sam-
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Table 1. The characte- Characleristics of continuous inventories
ristics of national forest Start of Grouping of plots Permanent sample
inventories of European Country Start | permanent A : plots
. . year plots Tract | Distance | Tract edge | Number of | Distance repre -
countries by a sampling s o . |
application| shape | between | length, plots per | between T'ype |[size, m"| sented
method tracts, m m tract plots, m area, ha
Austria 1961 | 1986 |[square | 3.9 200 4 200 2’)’;‘5 K=4 | 377
Norway 1919 1986 square 3.0 2and > Circular| 250 900
France 1962 Individual plots 600 | Circular| 1963 36
Finland 1921 1984 square 7-16 1300-2100 34 400-600 | Circular| 300 7644
Sweden 1923 1983 square 4-16 300-1200 4-8 300-600 | Circular 314 1000
Switzerland 1983 1983 Individual plots 1400 [ Circular| 500 200
Germany 1986 | 1986 |square| 4 150 4 150 i-\(ﬁl: K=4 | 400
Lithuania 1969 1998 square 4 250 4 250 Circular| 500 400

ple plot on average represents a forest area of 200-1000
hectare.

The Lithuanian NFI sampling design was based on
investigation results obtained over 30 years. Lithuania’s
forest area coverage, the role of forests in the coun-
try’s economy at present and in the future, accessibil-
ity of forests, stand size, species composition, diversi-
ty of site conditions were taken into account as well.
In accordance with many parameters Lithuanian NFI
conforms to the parameters of inventories of European
countries with long-lived traditions in forestry and for-
est inventory.

Organizing of measurement, data
processing and perspectives

Inventory is carried out each year on the whole ter-
ritory of Lithuania. Over the first five years the network
of permanent sample plots is consistently thickened.
During every following five year period permanent plots
are remeasured and temporal plots may be renewed.
Time span between remeasurements of permanent sam-
ple plots is 5 years £20 days.

During every five-year period according to availa-
ble recent mapping material, satellite and aerial photos,
the appearance of new forests is controlled. There, ac-
cording to the accepted sampling scheme new tempo-
rary and permanent sample plots are established.

The State Forest Inventory and Management In-
stitute conducts national forest inventory. A total of 2-
3 fieldwork groups and one control group make meas-
urements in the forest. A group of 5-6 specialists plans
inventories, controls data collected, processes them,
analyses, elaborates programs, prepares statistical is-
sues. The institute is responsible for timely inventory
according to foreseen technologies described in the

corresponding instructions of field work, as well as for
statistical publications based on study results.

The members of control group regularly check
measurements in permanent and temporary sample
plots. Not less than 5% of all sample plots are checked
in the absence of the measurement group. Control re-
sults are used to correct major mistakes, to estimate the
quality of work done and the competence of the em-
ployees, to improve the methodology of measurement.

All measurement data are recorded in field comput-
ers with a special checking program. Every 2 weeks the
data are brought to the institute and loaded on PC. Ad-
ditional control is exercised. Mistakes found in the data
are sent back to the measurement groups for correction.
Specified and finally checked data comprise primary
database, which is kept in PC. They are used for the
assessment of the statistics, and any correction after-
wards is not allowed. Primary data, separately on per-
manent and temporal sample plots, are stored accord-
ing to measurement years. Each year database is sup-
plemented by the data of measurement years. Primary
data are stored in an original form and used for data
processing. During calculations, primary data are cop-
ied; temporal databases are formed. While processing
the data of recent years, the data on permanent and
temporary sample plots of not less than a decade are
combined. For processing identical regression functions
of tree stem volume, the increment and related indices
are applied. Under changes in functions, the impact of
these changes on the assessment of the main indices
is ascertained. These data will be announced in annual
statistical reports.

During NFI such statistics and their accuracy (sam-
pling errors) concerning all Lithuanian forests will be
estimated (by property form, natural yield regions, sites,
other administrative subdivision as well):
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- object area,

- area distribution according to land category, tree
species, age, stocking level, sites,

- tree species composition on an area and grow-
ing stock volume,

- growing stock volume and its structure (distribu-
tion of tree species and diameters),

- the growing stock volume increment over 5, 10
years, its structure,

- cutting area and its distribution according to the
kind of cuttings,

- felled out volume of trees and its structure,

- the volume of dead, windthrown trees and their
structure,

- the balance of the growing stock volume incre-
ment and its structure,

- the spreading of tree damage, causes and inten-
sity,

- abundance of undergrowth and natural regenera-
tion, structure and damages,

- abundance of underbrush and damage.

The characteristics obtained in the course of na-
tional forest inventory by objective sampling methods
are valid, of known precision. They comprise the base
of Lithuanian official forest statistics and can be used
to estimate the validity of characteristics obtained by
other methods, including individual sites. Multiple re-
gression functions among different forest stand param-
eters, ascertained by measurements on NFI[ sample
plots, are used to test or control parameters of the grow-
ing stock volume, its increment, balance, mortality or
felled out volume of standwise inventory.

Along with NFI practical work, studies concerning
inventory improvement will be continued. The main
trend in inventory improvement is the following: the de-
velopment of estimated parameters nomenclature, great-
er estimation validity and accuracy of parameters’ re-
duced labour input, wider application of remote sens-
ing methods, analysis of forest resources dynamics, im-
provement of inventory standards, simulation of stand
growth and formation functions depending on a series
of factors.

Summary

The main parameters of the Lithuanian NFI design
based on the investigations conducted over thirty years
are adequate to the design of countries having greater
experience in forest inventory by sampling method. The
network of permanent sample plots established on the

D IN UTHUANIAN /.../ FOREST INVENTORY I - <ULIESTS I

territory of Lithuania will ensure estimation of the main
parameters of forest area dynamics and a forest grow-
ing there. Combination of the results obtained by small
overground sample plots with information received with
the help of remote sensing methods will ensure vast
possibilities in the future to increase efficiency of the
method.

The NFI results will ensure an efficient estimation
and control of forest area coverage, its dynamics, cut-
tings, reforestation, potential yield, its utilization and
silvicultural measures for yield regulation in Lithuania.

Information obtained by NFI will provide the basis
for objective forest statistics, forest resources forecast,
simulation of the dynamics, strategy of economy and
control of its efficiency. Biodiversity and its dynamics
in Lithuanian forests will be controlled permanently. The
network of permanent sample plots will allow us to
conduct complex and reliable monitoring of natural re-
sources in the forests.
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NMPUMEHEHUE BBILOPOYHOI'O METOIA JUISI HAIIHOHAJBIIOH

UHBEHTAPU3AIIMN JTECOB JIUTBLI
A. Kynemmce

Pe3zonte

B peiyirstare necnenopanitii niposopumnix 8 JTurse ¢ 1966 . 6nuin ocnionanst cxema BWOGOPKU, TCXHONOITS H
cofiepxanue natutonansiofi nsentapimsaunu aecos (HAI). ina HUM nenonmsopara MiorocTyticHuatas, KoMOMIponanas,
cHCTCMaTHYecKas co onyvalinnv nauanoM cxema reiGopri. Herpepumsrroerns raparrmipyeres coderaisiiem nie aeree 5000
MOCTORHHBIX PETYNISIPIO JICPCHIMEPAEMLIX HE RIIIMLIX JUIS TIOCTOPOHIIIK 11 BPCMCHILIX - RIORL 3aKITUTHMRACMBIX YHCTHLIX
wrosanok. CoucTatoTes IMEpCHIS B JIECY € OLCHKAMI TI4 KApTax KOCMHICcKoTo w3obpaxceiis 1t oprochoTokaprax. Inasmas
sanasa HUJT - cosnars koMiuiekenmnii 1onaneXImniid sonuvopuir necumx pecypcon. HUIT nossonsier konrposmponars
THIaMIKY JectniX wiomaneit, pybox, Jccopoctanopneting it ofiecctns, ahhek THRITOCTL NCCOXOIAIICTRCHMX MCpONPHATHIT 117
FOCYRAPCTBCHOM yPOBIE CaMbiM BaeXunM obpasom - na ocnope Mctona Gananca tekyinero npupocra. Hichopsaruis
nonytaemas HHJT simnsietes ocriopoit ans necitoii cTaTHCTIKI, [FPOTHOBI JICCHBIX PCCYPCOB, MOAEIHPOBANIT HX AHIAMIKIL,
0BOCITORAHNA CTPATCIIN NCCHON HOIMTHKI 1 KOHTponst ahhek THBIIOCTH € BIIeper s,

Kimouessie ciiona. ”CHPCPI»IRH(UI HHBCIITApH3ALifg Jicca, cxema IH»I(’)UP[\'H. MOCTOSAHHDLIC TUOMIAUKH, JICCHASA CTATHCTHKA.
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