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ABSTRACT

The demand for wide range and precise information on forests promotes continuous development of forest inventory
methods, owing to the fact that compilation of reliable data is prerequisite not only for improving forest management
schedules but also planning land use and natural environment management. In the reality of contemporary forestry,
a requirement to improve forest inventory methods stems from obligation to acquire information on broadly under-
stood issues of forestry as well as the protection of nature and environment.

The paper points out to the essential steps, as said by the authors, on the way to the improvement of now used
forest inventory methods and calls attention to remote sensing technologies such as ortophotomaps and aerial lidar
data.

The revisions proposed concern gathering information on: site conditions, species diversity, forest stock range as
well as sample size and work scope on sampling areas. At the same time, in view of surveying the dynamics of forest

change, there is recommended the use of permanent observation plots, especially in mountainous forests.
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INTRODUCTION

Transformation of contemporary forestry in terms of its
capacity and task dimensions calls for forest manage-
ment directed toward the achievement of multifunction-
al forest paradigm through ensuring economic, ecologi-
cal and socio-cultural forest functions. The substance of
the case is forest management based on complex assess-
ments of the status, size, structure and spatial distribu-
tion of forest stands, as well as evaluation of the effects
of anthropogenic and other factors on forests and for-
est environment. The results of the assessment as such

should allow for recognition of the character and extent
of divergences between the present and expected for-
est status along with determination of the directions of
future resource development. In order to accomplish
these tasks, there is indispensable genuine, complete
and trustworthy information on forests. The quality of
inventory data determines suitability and usefulness
of management plans in forestry and other sectors, e.g.
land use planning.

The functions of forest management plans at differ-
ent organizational levels of Poland’s State Forests are as
follows (Fuchs et al. 1987):
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1. State Forests (as the whole) — to provide information
for planning strategic activities in managed forests
as well as to determine forestry economic goals.

2. Regional directorate (RDLP) level — to provide
data needed to implement an appropriate strategy
of economic activities as well as to monitor the ef-
fectiveness of activities.

3. Forest District level — to provide information need-
ed for operational planning and supervision of the
production process as well as for monitoring the ef-
fects of management treatments.

4. Forest Division level — to provide data needed for
carrying out management practices in specific for-
est stands.

Multifunctional character of forest management
plans exceedingly determines the extent and accuracy
of information comprised in forest valuation descrip-
tions. The accuracy of the latter is determined by infor-
mation required at a forest division level.

For the recent 2030 years, forest inventory range
has been subject to comprehensive transformation.
Enhancement of forest ecological and socio-cultural
dimensions has resulted in including additional as-
pects into forest inventory. Next to traditional inven-
tory topics (forest stock, increment), there have also
been incorporated the attributes such as: distortion,
degradation, stability, risk and recreational values
(Stegpien 1992). Inventory array change is associated
with expanding inventory scope as well as progressing
measurement and computation technologies. In the vi-
sion of a 21 century forestry, the scale and intensity
of surveillance must include launching forest informa-
tion systems, using consistent inventory methods as
well as building models of forest growth and devel-
opment (LOLF-Mittelung 1991; Weimann et al.; 1992;
Lipicki 1992).

The State Forest Information System (SILP) im-
plemented in Poland has inspired a new approach to
precision and extent of inventory information needed
at a forest district level. At the same time, the aware-
ness has been raised that only reliable data (with pre-
dictable error) will allow for appropriate interpreta-
tion. Furthermore, thanks to the SILP system it has
been recognized that for lesser forestry units (stand,
age class, forest division) the data gathered has been
not as much precise.

GOALS, TASKS AND METHODS
OF FOREST INVENTORY

According to “The Dictionary of Foreign Words*

(Kopalinski 1999), the word “inventory” means prepa-

ration of a list of stock. A cataloguer is a specialist who

prepares the list (register) of some estate assets. In case

of forest inventory, the assets listed are elements of for-

est structure, in other words — forest features. The inven-

tory goal is to gather information on forests as subject

to planning forest management and economic activities.

The main interests of forest inventory comprise:

— planning collection of information on forest and its
resources,

— information gathering,

— evaluation of information collected.

The aforesaid inventory steps are realized within
forest management framework.

The aptness of conclusions and decisions (including
those economic), taken in forest management processes
at some stage in realization of the plan, are reliant upon
properly carried out forest inventory and its precision.
The tasks of forest inventory include gathering and pro-
cessing information on:

— natural conditions and biodiversity;

— extent, structure and spatial distribution of tree re-
sources;

— dynamics of tree resource changes;

— the degree of utilization of tree resources in the con-
text of multifunctional forest model.

Forest inventory provides information not only
for current planning, but it also constitutes an impor-
tant monitoring tool (as long as it meets objectiveness
criteria). Continuously performed periodical forest in-
ventory allows for gathering information on changes in
natural conditions as well as those in biodiversity and
tree resources at a global, regional and country level.
Furthermore, based on forest inventory results, there
can be assessed effects of economic activities in a given
forest holding.

In the reality of a modern forest holding, there is the
necessity for expanding inventory work scale as well
as using innovative technologies along with improved
methods of modeling forest growth and expansion. Ac-
cording to Zdhrer (1980), the main reasons behind such
requirements are:
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— acceleration of global population growth (1820
— 1 billion, 1960 — 3 billion, 1988 — 5 billion, 2012
— 7 billion);

— decrease of global forest area (there annually dimin-
ish approximately 5 million ha);

— rapid development of industry and its all conse-
quences (especially in Asia);

— dynamic expansion of agriculture (especially in
South America);

— higher standard of living followed by increased
demands for productive, protective and infrastruc-
tural functions of forests (as predicted, by 2050, the
demand for industrial and fuel wood will grow by
about 20%).

The scope of information comprised in forest in-
ventory mainly depends on forest geographical position
as well as the specifics of long-established management
of forest production scale in a given region. In central
European countries, with relatively high intensity of
forest management activities, the range of needed infor-
mation on forests is reasonably far-reaching. This con-
cerns three information groups, and namely:

— the area and spatial distribution of inventory objects,
e.g. site-soil conditions, vegetation zones, land cat-
egories, plant association characteristics;

— volume, structure, status and increment of forest
stock;

— forest infrastructure and environmental conditions,
with regard to among others: recreation, nature pro-
tection, climate, water, pollution and animal damage.

The literature references to forest inventory were
published already in the 14" and 15" centuries (Zohrer
1980). Then, inventory aimed at gathering information
in an attempt to organize clear cutting activities in time
and space. At that stage of forest inventory develop-
ment, there was used the measurement method encom-
passing all elements of a given plant community. Little
by little, factual measurements were substituted by vis-
ual estimates. In some countries, the latter approach has
endured until now. Before sampling techniques were
implemented in forestry, the efforts undertaken to de-
crease inventory labor consumption had contributed to
the method based on representative sample plots (fixed
area plots). The method (now called estimation-meas-
urement method) was first described at the end of the
1700s (Hartig 1795). The plots were selected by the sur-
veyor, someplace typical for a given stand, and the re-

cords obtained (tree species, number and volume) were
converted for the whole area under inventory. Hence,
this approach is methodologically similar to impartial
inventory methods based on random sampling, applied
in our time.

Progressive intensification of forest management
activities did not add to the significance of the meth-
ods based on estimation and measurement. Information
(as detailed as possible) on stand soil, site and structure
based on visual estimation seemed to be more impor-
tant than reliable data on growing stock volume and
structure. Generally, in Europe, in the 1800s, there were
produced meticulous forest maps based on inventories
of stand areas, however stand volume and structure
were only roughly estimated. In the 1900s, forest in-
ventory methods rapidly developed (Zohrer 1980). This
was possible thank to the implementation of statistical
methods along with the progress of aerial photography
and electronic calculation methods. In Poland’s for-
estry, computers are commonly used, and IT systems
built in recent times substantially enhanced quality of
information and its importance in the decision-making
processes.

At the present time, the methods of large-scale
forest inventory are far and wide applied in Europe.
In Poland, the core of a large-scale forest inventory is
to promptly compile (with low labor consumption) as
much as possible complete information on large areas
(e.g. entire country, forest type in a physiographic re-
gion, the area administered by Regional Directorate of
State Forests). Currently, large-scale forest inventory
second cycle is realized, considerably contributing to
the enhancement of quality information on the forest
status as well as forest change dynamics. It is worth be
emphasizing that soon there will be also available data
on privately owned forests and forest area augmentation
in Poland.

Based on various criteria, forest inventory methods
can be divided into a choice of groups. According to
Zodhrer (1980), there should be applied the following cri-
teria:

1. Mode of information collection (surveyor’s position
with regard to a given inventory object).

2. Inventory work technology.

3. Inventory goal.

In addition, there should be also taken into consid-
eration inventory time and extent.
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Re 1. With reference to sources, information on for-
ests can be obtained using the following methods:
— ground-based (full, partial traditional, partial novel);
— aerial photography;
— combined (ground-based and aerial).

Re 2. Three basic systems of inventory works can
be distinguished based on inventory technology which
must take into account the type and character of sam-
pling plots as well as sample collection mode:

System I — with constant sampling plot area (usu-
ally 1-5 ars) and variable tree number included in the
sample (depends on tree growth stage and DBH).

System II — with variable (unknown) size of sam-
pling plot and variable number of trees included into
sampling (relascope sampling).

System III — with variable but known size of sam-
pling area and constant presumed number of trees in-
cluded into sampling — usually 6 (Prodan 1965). This
system is derived from methodology of determination
of tree distances.

Re 3. Inventory scope as well as magnitude of ob-
tainable information on forests are determined by in-
ventory goals. Depending on the goal, there are distin-
guished 6 fundamental inventory categories:

— intercontinental (global);

— large-scale forest inventory;

— land use inventory;

— regional inventory;

— inventory meant for requirements concerning forest
management (relatively most operational in Central
Europe’s countries in terms of the scope and signifi-
cance of information compiled).

IMPROVEMENT NEEDS AND DIRECTIONS

Progressive advancement of inventory methodology is
indispensable and conditionally on the type and preci-
sion of required information should be constantly ad-
dressed. In Poland, the most important forest inventory
issues which need verification and improvement are
listed below.

Site conditions

By now, every Poland’s forest districts has elaborated
soil-habitat assessment reports. These were prepared
in different periods of time, thus depending on the in-
structions then in force, the reports differ in terms of
information scope and precision. In view of inevitabil-
ity of setting up forest management plans with refer-
ence to the maximum reduction of risk due to silvicul-
ture activities, at some stage in inventory works, there
should be also appraised additional (not yet included
in soil-habitat surveys) fertile and wet forest sites
found in a given forest site type. Owing to the fact that
relatively poor habitats (fresh coniferous and mixed
coniferous forests) prevail in Poland, documentation
of fertile and wet forest patches is of particular im-
portance. Collection of additional data would greatly
help foresters to better plan silvicultural activities in
a specific stand (at a forest division level), and could
be performed either during forest valuation carried out
for forest management planning or when appraising
site/habitat descriptions or regularly conducted by any
concerned forest warden. One way or another, there is
a need for formal recommendations on distinguishing
additional fertile and wet sites existing in a given for-
est habitat type.

Species richness

As a result of currently applied rules, forest stand spe-
cies with low shares are not included into final summa-
ries. The existing formal guidelines recommend prep-
aration of tabulated summaries of age class volumes,
lined up according to the factual share of tree species
in forest habitat types. The tables consider only species
with more than 5% share. Such approach causes “a loss”
of various species, factually observed during forest
stock assessments and inventory. In view of forest bio-
diversity safeguarding, there is a necessity to monitor
changes in stand species composition of a specific area
and to prepare relevant final summaries. We believe that
inventory data on all the species found on circular sam-
pling areas should be included in the final summary, re-
gardless of species share. At the same time, there should
be revised the manner of presenting stand volumes and
areas in keeping with the age class and species richness.
Species richness refers to ecological values of forests,
and therefore should be denoted more precisely, espe-
cially as far as in 2-3 species stands are concerned (af-
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ter all, e.g.: 9 pines and 1 oak would indicate different
species richness level than e.g. 6 pines, 4 oaks).

Forest stock inventory

Bearing in mind the demand for precise information
on forest stands which are concurrently utilized and
regenerated, i.e. those assigned to distinct regeneration
classes, we propose establishment of separate stratum
groups, especially because of the increasing contribution
and importance of these structures. The same approach
should be applied in selection forest stands. In view of
efficiency of forest planning processes, increased sample
size needed for the implementation of such system will
be worthwhile, since more accurate information would
allow for improving decision-making processes. In the
forest districts with prevailing coniferous sites and pine
stands (e.g. Bory Tuchola Forests, Biata Forests, Nad-
notecka Forests, Dolno$laskie Forests), there should be
considered a possibility of including into forest stock in-
ventory (Stgpien and Wieczorek 1990).

Sample size in forest stock inventory

In case of periodical inventory carried out in the areas
with especially valuable habitats and exceptional spe-
cies richness, i.e. those with outstanding biodiversity
values, sample size should be enlarged following the de-
cision of the Forest District Techno-Economic Council.
The formula for determination of the number of sam-
pling areas provided in Forest Management Guidelines
(IUL 2012) is as follows:

N=400 - 4/8000 + A4/50 + 1000 - p/4

where:

A —overall area of all tree stands under inventory
measurements [ha],

p —overall area of all tree stands with diverse species
composition and differentiated vertical structure [ha].

We propose increasing the value of multiplier
1000 - p/4 in the ratio. This would allow for enhancing
information precision and range (e.g. data on deadwood
could be included).

Scope of works carried out on sampling areas

An extent of information collected on sampling plots es-
tablished in intermediate cutting stands should be broad-
ened by inclusion of data on trees selected for felling

(Borecki et al. 2006). In case of the latter, there should be
considered employment of simplified wood assortment
classification, e.g. that which comprises 4 quality classes
proposed by Ktapec¢ et al. (2005). The changes proposed
could allow for elaboration of a method for short-term
(annual) as well as medium-term plans of intermediate
cuttings (Borecki et al. 2006; Wojcik 2013).

Types of sampling areas

The use of permanent sampling plots for evaluation of
tree resources and their changes should be deliberated.
Permanent plots allow for continuous forest observation
and assessment of changes. Higher costs of their initial
establishment could be compensated by accuracy and
quality of compiled data. Additionally, double sampling
of stand resources could be then carried out using re-
mote sensing methods (orthophotomaps, lidar data). If
so0, the number of sampling areas could be substantially
reduced, since these would serve as the source of refer-
ence data used in further calculations. The method dou-
ble sampling of forest stock using both orthophotomaps
(Bankowski and Miscicki 2008) and lidar data has been
tested in Poland’s conditions.

Highland and mountainous forests

Highland and mountainous forests as well as some mul-
ti-age forests situated in lowlands show relatively differ-
entiated structure (in terms of species abundance, space
and dimension). Complex structure and shape of such
stands are for the most part a result of performed thin-
ning activities (usually stepwise or and selection cut-
ting) along with considerably long forest regeneration
periods. Inventory of such forests requires first of all
determination of the size and boundaries of the control
units, as basic for forest management control and silvi-
cultural planning. The most important inventory task
within the control units is description of the parameters
for tree distributions and tree volumes in the thickness
classes as well as those for evaluation of the status and
level of natural regeneration. Fulfillment of this task
needs application of the statistical-mathematical inven-
tory system and forest monitoring based on permanent
sampling plots — established as several concentric cir-
cles for collection of data on main features and param-
eters of the stand and its regeneration (species, DBH,
height, technical quality, and so on). The data collected
at an assumed level of precision constitutes the basis for
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evaluation of the effects of forest management activities
performed in a given control unit and support decision-
making processes on further development of forest re-
sources in the control unit.

In conclusion, there should be emphasized that due
to the importance of inventory data in the economic de-
cision-making process, inventory methods require con-
tinuous improvement, especially toward high data reli-
ability. Forest inventory methods need to be constantly
adjusted to relentless and unfixed demands for informa-
tion on forests. The scope of information required has
been expanding due to a need for data on forest biodi-
versity and nature protection. Inventory advancement
should be founded on dynamic technological progress,
allowing for not only compilation of more and more
consistent data, but also — an extension of information
scope, in view of practically possible to accept labor
consumption during forest inventory works.

REFERENCES

Anforderungen des Naturschutzes an die Forstpolitik
und die Forstwirtschaft. 1991. LOLF-Mitteilung, 3,
44-45,

Bankowski J., Miscicki S. 2008. Wykorzystanie zdjgc
lotniczych w urzadzaniu Nadle$nictwa Milicz.
Roczniki Geomatyki, 6 (8), 29-38.

Borecki T., Wojcik R., Standio R., Jaszczyk J., Krzy-
zanowski J., Lecko R. 2006. Opracowanie metody
statystycznej okreslania wielko$ci uzytkowania
przedrebnego w planowaniu rocznym. Maszynopis
dokumentacji sprawozdania koncowego dla DGLP.

Fuchs Z., Pradelok B., Zajaczkowski S. 1987. Wazniej-
sze problemy praktyki urzadzeniowej w Polsce.
Las Polski, 15/16, 15-17.

Hartig G.L. 1795. Anweisung zur Taxation der Forste
oder zur Bestimmung des Holzetrags der Walder.
Giessen.

Instrukcja urzadzania lasu. 2012. Zatacznik do Zarza-
dzenia nr 55 Dyrektora Generalnego Lasow Pan-
stwowych z dnia 21 listopada 2011 r.

Ktape¢ B., Bruchwald A., Stepien E., Porter B., Du-
dek A., Tomusiak R., Dudzinska M., Michalak K.,
Wréblewski L., Mirz G., Wojtan R., Ciosmak P.,
Wojcik L., Matosek U. 2005. Opracowanie metod
okreslania struktury sortymentowej drzewostanéw
z wykorzystaniem komputerowej bazy danych nad-
le$nictwa. Maszynopis sprawozdania koncowego
dla DGLP.

Kopalinski W. 1999. Stownik wyrazow obcych i zwro-
tow obcojgzycznych z almanachem. Wydawnictwo
MUZA, Warszawa.

Lipicki C. 1992. Forstwirtschaft im Jahr 2000. AFZ
Wald, 47 (6), 305-306.

Prodan M. 1965. Holzmesslehre. Frankfurt am Mein.

Stepien E. 1992. Postgp i rozwoj urzadzania lasu — zy-
czenie czy konieczno$¢. Prace IBL Ser. B, 15,
107-114.

Stepien E., Wieczorek K. 1990. Efekt zastosowania
ponad obrgbowej stratyfikacji drzewostanow dla
potrzeb regulacji uzytkowania rgbnego. Sylwan, 2,
23-32.

Weimann H.J., Petri H., Henne A. 1992. Gedanken zur
Planung in der Forstwirtschaft. Forst- und Holz, 47
(%), 111-119.

Wojcik R. 2013. Obrgbowa metoda okreslania wielkosci
i struktury sortymentowej uzytkéw przedrebnych
w planowaniu rocznym. Wydawnictwo SGGW,
Warszawa.

Zohrer F. 1980. Forstinventur. Schriftenreihe ,,Pareys
Studientexte” 26. Parey, Hamburg.

Folia Forestalia Polonica, series A, 2015, Vol. 57 (2), 120-125

125



