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Executive Summary

In the opinion of the Consultant, in order to ensure the integrity and continuity of the results,
a single document has been prepared, its sections correspond to the terms of reference (Introduction
to Report 1, 1.1 to Report 2, 1.2 to Report 3, 2.1 to Report 4, 2.2. to Report 5, 2.3 to Report 6, 3. to
Report 7, 4. to Report 8, 5. to Report 9; 6. to Report 10.).

The analysis of the legislation of the Republic of Belarus regulating legal relations in
the field of forest planning showed that, in general, the legislative base for the functioning of the
forest planning in Belarus has been formed and allows to carry out forest planning operations at a
high quality and at a high organizational level, but the existing regulatory framework does not
provide the possibility of developing forest planning system, does not take into account the existing
practice of forest planning. Some legislative requirements are not taken into account in production
and require the introduction of appropriate amendments. Therefore, it is not necessary to speak
about sufficient effectiveness of forest planning legislation.

A normative document is required in order to fully resolve the issue of the formation of
lists of forest planning organizations that can carry out forest planning; the document must provide
a mechanism for granting legal entities the right to conduct forest planning. Step-by-step regulation
of the process of inclusion of the forest planning organizations into the list is required: what kind of
ownership can the organization be, what statutory fund should it have, what staff of professional
workers with what level of qualifications should the organization have, what taxation and office
equipment should be available, the mechanism for filing an application for inclusion into the list,
the time and procedure for its consideration, it is also advisable to provide objective reasons for
which organizations can not be included into the list.

Also, in order to comply with the requirements of the new Forestry Code and the exclusion
of forest planning from the list of activities for which the exclusive right of the state applies,
amendments to the Law of the Republic of Belarus dated July 15, 2010 No. 169-3 "On sites that are
only in the ownership of the state, and types of activities for the implementation of which the
exclusive right of the state extends".

During the existence of the Republic of Belarus as an independent state, the planning of the
forest fund in the republic was carried out in accordance with several technical documents: the
forest planning instruction of the USSR (in the first years of independence), the forest planning
instruction of the Republic of Belarus (the instruction on forest planning of the state forest fund,
approved by the Forestry Committee under the Council of Ministers of the Republic of Belarus
dated 23.09.2002 No. 12), the technical code of common practice (TCCP 377 - 2012 (2080),

currently in force.
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All these technical documents were based on the principles and experience accumulated
during the planning of the forest fund of the Soviet Union, designed in the form of a forest planning
instruction. In the future, when developing new technical documents, the necessary changes and
additions were made to the instruction, which are more of a cosmetic nature. Normative documents
did not set specific goals for the implementation of forest planning works, there were no time limits
for their achievement, the documents themselves were unlimited. Therefore it is proposed:

1. In cases of the emerging need to implement production activities, to introduce changes to
the regulatory legal and technical regulatory legal acts that determine the principles of forest
planning of the forest fund of the Republic of Belarus in a timely manner.

2. Clearly define and formulate a list of goals and objectives to be resolved during the
validity period of the technical code, that is, for one round of forest planning, the period during
which the entire forest fund of the republic will be planned.

It seems viable to revise permissible technologies, methods of forest planning, standards for
deviations in determining taxation characteristics, taking into account the development of forestry
and the needs of the industry in the accuracy of the forest fund assessment, to eliminate initially
unrealistic or formal requirements for forest planning or those that are formalized only for carrying
out tasks .

An integral part of the process of improving legislation is the constant study and tracking of
new inventory and forest planning technologies, the practice of applying digital methods for
collecting and processing information in developed countries, and the introduction of these
technologies into the process of forest planning in Belarus, securing of technologies that have
proved themselves in practice in the legislation.

The survey (questionnaire) of the forestry enterprises, the RUE "Belgosles™, the
Ministry of Forestry, and other interested parties was conducted to identify problematic
issues of the current system of forest planning and it showed that the opinions of the respondents
regarding the market changes in the area of forest planning are divided approximately equally
despite the slight advantage of the market supporters. This suggests that the forestry enterprises in
the bulk are not ready for such issues, they do not have their own formed position on the
effectiveness of forest planning. Due to the absence of any financial relations with the forest
planning organizations (the forest planning is financed from the republican budget directly in
Belgosles, and not at the expense of the forestry enterprise), the forestry enterprises do not face the
issues of optimizing the costs of forest planning.

Some forestry enterprises do not see the expediency of any changes, or they do not fully
understand the advantages and disadvantages of the market model, or they do not show any interest

in reforming this sector.
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However, the negative consequences of the existence of the current model are considered in
the initial chapter of this study, which sets forth the prerequisites for conducting research and
preparing proposals for improving the management model of forest planning.

At the same time, for the formation of a forest planning market, no matter private or state,
decision-makers need to take into account not only its advantages, but also to anticipate and take
into account all possible negative consequences of its formation, to use the experience of other
countries that have already passed this way and the most useful material here will be the research
material of the forestry enterprises in which they express their concerns on a number of issues:

lack of professional knowledge among employees of private organizations;

the possibility that so called "fly-by-night companies” will enter the market;

responsibility for forest planning materials in case of liquidation of a private enterprise;

support of the forest planning project throughout the whole period of its implementation by
the forestry enterprise;

control over conducting forest planning.

Preparation of a tabletop study of international experience in the field of organization
and management of forest planning (on the example of selected countries leading in the
sphere of forest planning, such as Finland, Sweden, Czech Republic, Russia, Poland);
including analysis of the main achievements of the best international experience in forest
planning (technologies, methods, techniques) showed that in almost all the countries under
consideration a practically similar two-level organizational model of the forest planning is used:

national forest inventory;

forest design (classical forest planning).

In forest design, well-known methods of taxation (approximate, continuous counting, setting
of relascopic sites) are applied, depending on the required accuracy.

For all countries, as well as for Belarus, local application of elements of remote methods for
characterizing forests is common, geoinformation systems are widely implemented and modern
electronic equipment is used - GPS receivers, electronic altimeters and diameter measuring devices,
recorders and digital maps with appropriate software. Based on the results of the forest design,
forest planning designs are being developed in which the volumes of the main forest management
activities and cutting are listed, which differ in different countries and regions, as a rule, by the
target set of data, sheets, etc. necessary for the particular forest owner.

Multilevel organization of the system of forest planning with the national inventory can be
considered more as a forced measure in countries with a large number of forest owners, including
private ones. For example, in Sweden the number of forest owners is more than 200 thousand, in the

Czech Republic - more than 280 thousand. According to the legislation of European countries, in
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the absence of any planned economic activity, forest owners are not obliged to carry out forest
planning, accordingly, there will be no information on forests in such cases. Thus, in order to obtain
up-to-date, reliable information about the state of the country's forest fund, the efficiency of forest
management, the provision of this information to the authorities and the formation of information
resources, the governments of the countries resort to the statistical method of accounting for forest
resources.

In Russia, the situation is different, due to the large area of forests and the lack of budget
financing, forest planning with land-based elements of a taxation is not actually conducted on the
entire forest fund area. Information on the area of the forest fund on which during the last revision
period (10 years) forest planning was conducted with entering each allotment varies significantly in
different sources. Reliable data can not be presented even by leading forestry experts of the Russian
Federation. For example, on the official website of the Union of Foresters of St. Petersburg, the
leading forestry scientist R.F. Treifeld in his article "Between the Forest Planning and GIL"
indicates that the share of legitimate, non-overdue forest planning materials today does not exceed
10% of the total forest area of the intensive forest use zone (according to Roslesinfog it is 24%, but
this data is together with cameral actualization, which is not a full-scale forest planing) (16). In
addition, despite the state ownership of forests in Russia, and the de jure availability of forest
resources to state-owned forestry enterprises, a large part of the forest has been leased to a
multitude of private forest users. In the forest fund of Russia there are about 9,3 thousand
administrative and economic units - objects of forest inventory (1,8 thousand forestries, former
forestry enterprises, and 7,5 thousand zonal forestries). l.e. that the factor of plurality of forest
owners actuates here too.

There are no so many forest owners in Belarus as in the countries under consideration, and
forest planning is carried out according to the classical scheme throughout the entire forest fund
every 10 years with entering each sub-compartment. Of course, from the date of approval of the
forest planning project, the relevance of the data is reduced, but it can be concluded that no matter
how representative the statistical sampling was, accounting of forest resources in the scale of the
country, with entering each allotment is most accurate in Belarus. Currently, the question of
assessing forest resources in Belarus is not urgent. Therefore, carrying out a national forest
inventory in the country today will not give a proper positive economic effect.

Preparation of proposals for improving the quality of forest planning design, including
the use of new technologies for collecting field data (sampling method and field measurement
of areas); the use of various available data sources (such as satellite imagery, both from free
access and commercial, digital aerial photographs, LIDAR, digital surface models, GIS

systems and databases, etc.), and data storage and processing systems, software (comparing
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open source software and proprietary software), and the dissemination of information
through web portals. Of all the technologies widely spread in the developed countries under
consideration, the most viable for Belarus will be forced introduction of technologies that will have
a positive economic effect in the short term, including automatic decoding of photographs,
expansion of the use of unmanned aerial vehicles, software updates similar to the examined
software products Field-Map, ArcGIS.

Preparation of proposals for the improvement of technologies, methods, ways of forest
planning design, application of modern measurement tools for forest taxation (taking into
account the peculiarities of forest planning in the Republic of Belarus and economic
efficiency). All the devices considered are high-precision, high-performance measuring instruments
of the world's leading brands, which have been widely recognized and disseminated in the practical
activities of developed European countries in forest planning and forest management. This
equipment provides electronic collection, processing and storage of forest planning information on
electronic media, it is the basis for creating cartographic materials. Undoubtedly today the cost of
world-class equipment is quite high, but unlike the usual analogues of these devices (a tablet
computer costing $ 400, a caliper produced in Sweden costing about $ 100, a Suunto PM-5/1520
altimeter produced in Sweden costing $ 140, a Haglof chain-type (relascope) angle gauge produced
in Sweden costing $ 25, a Haglof Walktax thread distance measuring device produced in Sweden
costing $ 190) in countries where new forest planning technologies have already been developed
and implemented in production, modern equipment pays in full and first of all due to automation of
the production process.

Thus, the high cost of equipment reduces the costs of measuring operations, processing and
verification of primary taxation data and, with the large-scale implementation of such tools, will
require changes in the rationing of many types of work, which will require additional research.
Undoubtedly, such expensive equipment can not be introduced into production at the same time (the
cost price will increase several times), for example, providing 100 tax-collectors with tablets only,
which constitute an annual demand for Belarus, will require a one-time payment of at least $
250000. The process of implementing new equipment should go step-by-step with the introduction
of new technologies, training the personnel to work with new tools, smoothly redeploying those
staff units to new directions, which will be gradually released by automation of processes.

Study of the positive and negative aspects of the functioning of the market for forest
planing services (by the example of individual countries), including the preparation of a
review of the positive and negative aspects of the functioning of the market for forest planing
services (for the example of the above countries). The experience of the countries surveyed

shows that the transition to a free market of forest planing must necessarily take place in the
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intermediate stage of the market formation on which unambiguous state intervention is required. In
order to prevent possible negative consequences, mayhem in the market the following should be
clearly regulated at the level of legislative acts:

requirements for organizations that will carry out forest planning (in terms of their technical
and technological equipment, staffing);

forest planning technologies and methods of taxation common for all market participants;
unified approaches to organizing forest planning (the procedure for holding auctions, bidding, lots,
etc.);

the issue of the transfer of forest planning information and its integration in a single center;

the issue of control over forest planning, acceptance, approval and introduction of forest
planning materials;

the issue of support of the developed forest planning project during the audit period.

After the stabilization of the market, it is possible, with a view to simplifying the business,
to reduce state regulation to a certain extent. Enterprises that have positively proven themselves and
have a certain development potential will retain their place in the market and will be so-called
objects that regulate it using market-based tools and mechanisms, while the competitive
environment will not allow small private traders, non-professionals with dubious capabilities,
whose goal is one-time profit, to enter the market.

Development of proposals on the possibilities of forming a service sector in the field of
forest planning design in the Republic of Belarus. The conditions of forestry management in
Belarus in the market environment allow us to talk about the possibility and even the need to form
the service sector in the field of forest planning design. The forest planning market will allow to
conduct forest planning with the least expenditure, with the highest quality, using the new modern
technologies and tools taking into account the economic efficiency.

The example of Ukraine, where forest planning is carried out by several state forest planning
organizations, shows that in today's conditions the most economically justified model for Belarus
will be the state forest planning market with four state forest planning organizations, and only after
their adaptation to market conditions, to a competitive environment it is possible to talk about
private organizations that will enter it. At the same time, the market should be regulated. With this
approach, the organizational structure of the forest planning can be presented in the form of a
centralized state structure, for example, a structural subdivision of the Ministry of Forestry with
regulatory functions and state and non-state organizations. Such a structure will correspond to the
model of a market economy, while simultaneously responding to the principle of state-private
partnership. At the same time, legal regulation and control remains with the state represented by the

central state body as a state administrative structure.
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Control over compliance with the requirements of forest planning is viable for the Ministry
of Forestry, customers with equal responsibility for compliance with laws, enforcements and
regulatory framework of forest planning by all participants of the forest planning market, regardless
of the form of ownership.

For the formation of forest planning services in the Republic it is recommended:

1. To approve a uniform methodology for all organizations for conducting forest planning
(forest planning instructions).

2. To create a trading platform (electronic resource) for placing lots for basic forest
planning.

3. To approve the mechanism for selecting organizations for forest planning (qualification
requirements, cost of works, terms of work, other conditions).

4. To approve the methodology for calculating the starting price of lots (basic forest
planning), using a differentiated approach (depending on the conditions of forest growth, types of
forest, composition of plantations, complexity of work and other factors).

5. To approve the procedure for conducting electronic trading, a list of documents required
for filing an application for participation in the auction.

6. To ildentify sources of funding for forest planning (budgetary funds, own funds of
forestry enterprises, other sources).

7. To approve a unified methodology for assessing the quality of field and tabletop forest
planning works (customer, Ministry of Forestry, country's control bodies).

8. To approve the minimum qualification requirements for organizations and specialists
(taxating engineers).

9. To prepare amendments to the law (the decision of the Council of Ministers of the
Republic of Belarus, which approved the procedure for conducting forest planning and the list of
organizations conducting forest planning, Law of the Republic of Belarus dated July 15, 2010 No.
169-3 "On objects that are only in the ownership of the state, and the types of activities for which
the exclusive right of the state extends " with a view to excluding forest planning from the list of
activities for which the exlusive right of the state is distributed and the implementation of the
exclusive right of the state to carry out certain activities).

Analysis of the possibility of creating a competitive environment for forest planning
organizations in order to improve the quality of forest planning design and suggestion of the
ways of its formation (taking into account the features of forest planning in the Republic of
Belarus). In case of the creation of a market for forest planning services in Belarus,
competitiveness in the market will depend on several key factors: the effectiveness of enterprise

management (management professionalism), the quality of the work performed (professionalism of
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the executors), the desired level of net profit, and the technology of work. The potential for
increasing competitiveness lies in the optimal ratio of all these factors.

If we follow the model proposed in this study, obtaining competitive advantages for the cost
of the work performed will reduce the state allocations for forest planning implementation by a
factor of 2, the annual savings will be about 1.5 million dollars.

The two-times growth of wages of taxation engineers will raise the responsibility of
specialists for the work performed and, accordingly, will improve the quality of forest inventory,
the designation of economic activities. Competition will occur in the forest planning labor
market.Reducing the costs of work will provide a competitive advantage in the external market.
Implementation of the forest planning in Belarus, without changing the production norms, will
require from 90 to 100 taxation engineers with a general management apparatus of 15-20 people (no
more than 15-20% of the employees' staff), totally 105-120 people . Today, the staff of RUE
"Belgosles” is more than 300 employees, therefore, it is recommended to target unengaged
employees (more than 200 people) to foreign markets that will be able to perform works on the
export market of more than 2 million hectares, and that is another 2.6 million dollars of
export proceeds.

As a result of the reform performed, by means of savings (1.5 million dollars) and
developing export markets (2.6 million dollars), it will be possible to receive at least from 2 to 3
million dollars annually of additional funds, which are recommended to be accumulated in the fund
for the development of the forest planning and, at the control of the Ministry of Forestry, direct
them for the development of new forest planning technologies, research and development, purchase
of high-performance change tools, software development.

Action plan for transition to the market of services in the field of forest planning
design. For the transition to the free market of forest planning, it is proposed to regulate the
following issues at the level of legislation:

requirements for organizations that will carry out forest planning (in terms of their technical
and technological equipment, staffing);

forest planning technologies and methods of taxation common for all market participants;

unified approaches to organizing forest planning (the procedure for holding auctions,
bidding, lots, etc.);

the issue of the transfer of forest planning information and its integration in a single center;

the issue of control over forest planning, acceptance, approval and introduction of forest
planning materials;

the issue of support during the revision period of the developed forest planning project.
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Therefore, the transition to a market of services in the field of forest planning design is
proposed to be carried out in several stages (Table 7):

Stage |1 2017 - 2018 Formation of the regulatory framework;

Stage Il 2019 Reorganization of RUE "Belgosles”, a monopoly body in the field of forest
planning, and creation of a national forest information center instead;

Stage 111 Modernization of forest planning technologies, software development.
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Introduction

Features of the current system of forest planning of the Republic of Belarus are inherited
from the Soviet model of forestry organization. Forest planning is based on budget financing,
distributed by the Ministry of Forestry, the monopoly of the only state forest planning organization
RUE "Belgosles"”, which has the right to conduct forest planning works.

This scheme, in the absence of pure competition in the market, significantly limits the
possibility of developing forest planning without additional attraction of budgetary funds, restrains
the export potential of forest planning services, attracting foreign exchange to the country.

A high level of costs for the maintenance of the management apparatus and support services
of Belgosles increases the total cost of forest planning services in the country to 2-3 USD by 1
hectare, which significantly reduces the efficiency of the enterprise, the profit margin, the potential
for modernization of the production process, material and technical base and software renewal,
development and implementation of new modern forest planning technologies.

In developed European countries, the cost of forest planning works under market conditions
is much higher and can range from 5 to 20 euros per 1 hectare of land, however, in this case it is
necessary to take into account the technologies and methods of taxation, the accuracy of taxation
measurements, the instruments and equipment used for this purpose, the development level of the
country's economy. In comparable countries, for example, in Russia, where the market of forest
planning services is formed by some private forest planning enterprises, the cost of 1 hectare of
forest planning is reduced to a minimum value (less than 1 USD). It is not uncommon when lots for
the implementation of the forest planning on the official trading grounds are approximately chosen
by a contractor for 60-70 Russian rubles. In such cases, the cost of work reaches 50 rubles per
hectare.

In such conditions of increased competition and at today's production costs, the
consolidation of the Belarusian company Belgosles in the market of Russia and other markets has
limited opportunities and does not contribute to the expansion of the export geographical spread. In
contrast, those regions of Russia in which the Belarusian forest planning experience is traditionally
the most in demand can in the near future abandon the services of the Belarusian enterprise.

The lack of competition in the field of forest planning in Belarus leads to the lack of
incitements for improvement, motivation, development of the enterprise and, as a result, to a
decrease in the quality of services provided, with a high cost of work, which directly affects the
quality of forest planning.
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Lack of competition in the market, low wages do not contribute to the personal and
professional growth of the company's employees, the turnover of professional personnel increases,
which also directly affects the quality of the work performed.

The above facts are prerequisites for studying the best practices in the organization of forest
planning in the world, their analysis and the preparation of proposals of a recommendatory nature
for possible application in Belarus.

The goal of the task was to prepare proposals for the Ministry of Forestry to improve the
system of forest planning in the Republic of Belarus (based on international experience), proposal
development for creating a competitive environment for forest planning design (including field data
collection) in order to improve economic efficiency and quality of forest planning design.

To achieve this goal, the research work was carried out in 6 consecutive and interrelated
stages:

1. The analysis and evaluation of the effectiveness of the current system of organization of
forest planning in the Republic of Belarus (analysis of the forestry legislation of Belarus in the field
of forest planning for the effectiveness of its use, a survey (questionnaire) of the forestry
enterprises, RUE "Belgosles”, Ministry of Forestry, other interested parties) were carried out to
identify problematic issues of the current forest planning system with the presentation of relevant
results and conclusions.

2. Proposals were developed to improve the system of organization of forest planning in the
Republic of Belarus, to introduce new and improved forest planning technologies in Belarus, taking
into account international best practices, to use modern measuring forest mensuration tools in forest
planning. All proposals take the specific features of forest planning in the Republic of Belarus and
the economic efficiency of their use into account.

For these purposes, a desk study of the country's international experience in the field of
forest planning systems and organization (on the example of individual countries, which are leaders
in the field of forest planning, such as Finland, Sweden, the Czech Republic, Russia, Poland) was
conducted on the basis of Internet sources, the main achievements in the field of forest planning
(technology, methods, techniques) were analyzed, conclusions are presented.

In addition, Internet data was used to analyze available world and field data collection
technologies used in developed countries (sampling method and field measurement of areas); the
use of various available data sources (satellite imagery, digital aerial photographs, LIDAR, digital
surface models, GIS systems and databases, etc.), and data storage and processing systems,
software.

3. Positive and negative aspects of the functioning of the market for forest planning services

in those countries that most clearly characterize the special aspects of such a market, i.e., where
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entry to the market does not have any legislative and regulatory barriers, where there are such
barriers, but competition is allowed and where the right to conduct forest planning is given only to
one state organization at the legislative level were analyzed. Based on the analysis,
recommendations are proposed in this area for the conditions of Belarus.

4. Analysis of the legislative, economic and administrative possibilities for the formation of
services in the field of forest planning design in Belarus was conducted, in particular an overview of
the legislation of Belarus and the general law of the EAEU (Belarus, Russia, Kazakhstan, Armenia,
Kyrgyzstan) was drawn up, possible scenarios of the economic effect (positive or negative) after the
formation of the market, the administrative barriers to the formation of the market were given.
Based on the presented materials, an opinion on the possibility or impossibility (with a negative
economic effect) of the creation of a market for forest planning services in Belarus was prepared.

5. Analysis of the advantages and disadvantages of the competitive environment in the area
of forest planning in Belarus was presented, and their impact on the quality of forest planning
design and improvement of economic returns were assessed. Based on the analysis,
recommendations on the possibility of creating competition, on the ways of its formation were
prepared taking into account the features of forest planning in Belarus.

6. Draft action plan that reflects the possible optimal terms, methods and process of
transition to a competitive efficient market for forest planning design services was proposed.
Contractors for each stage of work were proposed.

The work was carried out during 2016-2017 by the director of LLC "LesProekt" with direct
technical assistance of the enterprise employees, legal support of the enterprise lawyer and invited
experts. The work involves open and publicly available scientific researches of authoritative
scientists of Russia and Belarus in the field of forest planning, partners of the enterprise, analytical
data of the financial statements of the enterprise and its partners in Russia.

The results of this work can be used by the Ministry of Forestry, Belgosles, and other
agencies as a reference material for improving the system of the forest planning.

In the opinion of the consultant, in order to ensure the integrity and continuity of the results,
a single document has been prepared, its sections correspond to the terms of reference (Introduction
to Report 1, 1.1 to Report 2, 1.2 to Report 3, 2.1 to Report 4, 2.2. to Report 5, 2.3 to Report 6, 3. to
Report 7, 4. to Report 8, 5. to Report 9); 6. to Report 10.).
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1. Conducting analysis and evaluation of the effectiveness of
the existing system of organization of forest planning in the
Republic of Belarus, including collection of field data
necessary for forest planning planning

Summary: This section provides a brief overview and assessment of the effectiveness of the
application of the existing legislative framework for forest planning in Belarus. Summarized
proposals of a recommendatory nature on the improvement of legislation, taking into account the
development of forestry and the practice of conducting forest planning works, are given. The
analysis of the research carried out in terms of the study of the opinion of the forestry enterprises,
SPFE, Belgosles on the expediency of the formation of market relations in the field of forest
planning services in Belarus, the development of a private forest planning model for the
introduction of advanced international forest planning experience in Belarus with the presentation

of relevant results, conclusions and recommendations.

1.1. Analysis of the legislation of the Republic of Belarus, which regulates legal relations in the
field of forest planning

The realization of forest planning in the system of forestry legislation of the Republic of
Belarus has a fundamental role. Conducting forestry and forest exploitation without forest planning
are prohibited.

The legislation of the Republic of Belarus, which regulates legal relations in the field of the
forest planning, is based on the provisions of Chapter 6 of the Forestry Code of the Republic of
Belarus. In accordance with Article 24 of the Forestry Code, forest planning is a system of
inventory and accounting of the forest fund, the design of measures aimed at ensuring rational,
integrated use of the forest fund, improving the efficiency of conducting forestry, preserving the
environment-forming, water protection, protective, sanitary, recreational and other functions of
forests, effective reproduction, security and protection of forest and implementation of a single
scientific and technical policy in forestry.

Thus, forest planning is the basis for ensuring the main principles and objectives of forest
legislation in conducting forestry - ensuring rational and sustainable use of forests, their security,
protection and reproduction, based on the principles of sustainable forest planning and conservation
of biological diversity of forest ecosystems, conservation and strengthening of environment-
forming, water-security, protective, sanitary, recreational and other functions of forests, increasing
their resource potential, satisfying the needs of society in forest resources on the basis of

scientifically based, multipurpose forest planning.
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Article 35 of the Forestry Code identifies the main activities that are carried out during the
forest planning (the definition of the boundaries of forest fund plots, the internal organization of
forest fund territories, the inventory of the forest fund with the definition of forest fund land species,
the species and age composition of forests, their condition, and the definition of qualitative and
quantitative characteristics of forest resources, identification of forest fund plots that need cutting,
forest planning measures, and ways of cutting; specification of areas used for restoration of forests
and forest cultivation; determining the ways of reproduction of forests, determining the size of
spurious forest use, harvesting secondary forest resources, using the forest fund for cultural and
recreational, tourist, other recreational and (or) sports purposes; developing forest planning projects,
author supervision over the implementation of forest planning projects).

According to the results of the carried out forest planning, a forest planning plan for each
forestry enterprise according to which the forestry is conducted is compulsorily developed for a 10-
year period. It is allowed to conduct preschedule forest planning, which is carried out in cases of
massive damage or death of forests as a result of natural disasters or in other cases by the decision
of the Ministry of Forestry. Forest planning plans in accordance with environmental legislation are
subject to environmental review, which is conducted by the bodies of the Ministry of Natural
Resources and Environmental Protection. Expertise gives a competent opinion on the conformity of
the projected forest planning activities, types of forest planning to the requirements of
environmental and forestry legislation and only after receiving a positive conclusion of the state
environmental expertise forest planning plans can be reviewed at the Scientific and Technical
Council of the Ministry of Forestry, approved and accepted for production.

Amendments to forest planning plans during their implementation are also taken by the
decision of the Ministry of Forestry after obtaining a positive conclusion of the state environmental
expertise. Thus, economic activities in the forest can be carried out only in certain areas and within
the limits set at the level of the state administration body.

Until 2017, according to the requirements of Article 26 of the previous Forestry Code, the
forest planning could only be carried out by the state forest planning organization of a specially
authorized republican government body in the field of use, security, protection of the forest fund
and reproduction of forests - the Ministry of Forestry (Republican Unitary Enterprise Belgosles
with its territorial subsidiaries - Vitebsklesproekt and Gomellesproekt).

In the new edition of the Forestry Code of the Republic of Belarus, which became operative
on January 1, 2017, this requirement was abolished. It means that legislators actually lifted the ban
on forest planning by other business entities, except for the state forest planning organization. The
government of the country is given the right to determine the list of organizations that can carry out

forest planning in the country.
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By the Decree of the Council of Ministers of the Republic of Belarus dated November 4,
2016 No. 907 “On measures to implement the Forestry Code of the Republic of Belarus,” the
Government designated the Republican unitary enterprise Belgosles and its subsidiaries to be the
organization to perform forest planning. Actually, the Decree approved an open list of forest
planning enterprises, but no document ensures the procedure for including additional enterprises
into it. The question arises what kind of enterprise, with what potential - personnel, technical,
financial, etc. has the right and the opportunity to enter the list approved by the Government and
carry out forest planning. For example, whether a private Belarusian forest planning enterprise with
a staff of 15 people has the right to be included in the list. And with the volume of taxation works of
200 thousand hectares per year conducted? What should a private enterprise do to get on the list?
What documents should be submitted to the Government for obtaining the right to conduct forest
planning? These issues should be regulated by the Ministry of Forestry or the Council of Ministers
in order to unify the requirements of the Forestry Code and the Government Decree.

With the adoption of the new Forestry Code, other legislative documents regulating the
issues of forest planning have undergone changes. For example, since 2017, unified rules for the
forest planning of the forest fund, established in the Procedure for Conducting Forest Planning of
the Forest Fund, which was approved by the Decree of the Council of Ministers of the Republic of
Belarus dated 12 July 2001 No. 1030, have been discontinued.

Instead of this document, the Decree of the Council of Ministers of the Republic of Belarus
dated November 4, 2016 No. 907 On measures to implement the Forestry Code of the Republic of
Belarus establishes a new Statement on establishing the procedure for forest planning, the
development and approval of a forest planning design, amendments and/or additions thereto. The
document establishes the objective of forest planning (assessment of the state and use of forest
resources, development of forest planning plans that ensure long-term, multi-purpose and rational
(sustainable) use of forest resources and their reproduction, the formation of a database of
information systems on the forest fund, obtaining other information on the forest fund), the objects
of forest planning (the forest fund plots provided to the forestry enterprises for forest planning).

The Decree distinguish the rights and responsibilities of the forestry enterprises and the
forest planning organization arising in the course of the complex of works, establishes the
composition and content of preparatory, field and cameral forest planning works, as well as their
elements. The government granted the right to the Ministry of Forestry to establish technical
requirements for forest planning, the content of forest planning operations, the procedure for their
organization, the composition of forest planning documentation.

All the technological features of forest planning, the composition of forest planning

documentation, a set of other technical requirements for forest planning in accordance with the
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legislation are approved by the Decree of the Ministry of Forestry dated April 11, 2012 No. 5 “On
the approval of the technical code of the established practice No. 377-2012 (02080) Rules for Forest
Inventory Management”.

The rules for carrying out forest planning of the forest fund are established through:

1. General requirements for the conduct and maintenance of forest planning (the
composition of forest planning activities, the technical basis for forest planning);

2. Methods and organizational and technical indicators of forest planning. Forest
planning is carried out using the technologies of basic (periodically repeated) and continuous forest
planning. When carrying out the regular basic forest planning, the continuity of the materials of the
previous forest planning should be maintained, the numbering and boundaries of the forest quarters,
taxation sub-compartments, the main tree species, the type of forest should be preserved (if no
substantiated changes are required).

Changes in the boundaries of taxation sub-compartments are allowed in cases when part of
the plantation in the old boundaries of the taxation sub-compartments has been cut down or
destroyed (as a result of cutting or other reasons), resulting in two taxation sub-compartments and
errors in establishing the boundaries of taxation sub-compartments in the previous forest planning.

The main method of forest planning is the age class method. The primary accounting unit of
the forest fund in forest planning according to the age class method is the taxation sub-
compartments , and the primary unit of account is the prevailing species. In forests with a high
intensity of conducting forestry, a local method of forest planning can be applied with organization
of permanent economic units as primary economic accounting units;

3. Interrelations of the state forest planning organization with customers of forest
planning services and local executive and administrative bodies (rights and responsibilities of
the forest planning organization and customers, local authorities);

4. Technical and forest planning meetings requirements (for the purpose of organization
of forest planning services, discussion of the specifics of their implementation, coordination of the
scope of the planned forest planning activities, technical and forest planning meetings on which
organisational decisions and decisions on the changes to the design are made prior to the approval
of the forest planning project according to the size of the calculated wood cutting area in accordance
with harvest cutting, ways of cutting and volumes of forest planning activities (cleaning cutting,
creation of forest cultures, reconstruction of plantations);

5. Requirements for carrying out preparatory work for forest planning (conducted with
a view to solving organizational and technical issues and implementing specific measures necessary
for better organization and quality of field forest planning, a technical basis for forest planning is

also being prepared - aerospace survey materials used in forest planning operations);



20

6. Requirements for conducting field (forest inventory) forest planning activities
(establishment of boundaries of the forest planning facility, preparation of aerospace images for
taxation, collective training, detachment of taxation allocations, determination of taxation
indicators, design of forest planning activities, types of forest exploitation);

7. Requirements for carrying out table-top (design) activities (processing of primary
taxation data, compilation of forest planning design and cartographic materials, designing forest
categories, analyzing the dynamics of forest fund indicators, analyzing the results of economic
activity for the previous revision period, designing cutting, drawing up the corresponding cutting
lists, designing reforestation activities, forest cultivation, reconstruction of forest plantations and
development of forest seed and forest nurseries, secutity and protection of forests, conservation of
biological diversity, ecological basis of projected forest planning activities);

8. Peculiarities of carrying out forest planning operations depending on the purpose of
the forest (features of forestry activity, restrictions on forest use in the territory of reserves, national
parks and experimental forest-hunting farms, wildlife sanctuaries, forests used for recreational
purposes in water protection zones and coastal forest areas, and in the forests located in zones of
radioactive contamination);

9. Other technical elements of forest planning.

The system of normative and legal base of forest planning is supplemented by the technical
code of the established practice No. 350, which regulates the issues of the author's supervision of
the implementation of forest planning plans into production. The document establishes the timing
and technical features of the supervision of the implementation of projected volumes of forest
planning activities, types of forest planning, as well as forms of accounting data and analytical
information that is prepared following the results of the author's supervision.

Conclusions and recommendations: generally, the legislative base for the functioning of
the forest planning system in Belarus has been formed and allows to carry out forest planning
operations at a high quality and at a high organizational level, however, the existing regulatory
framework does not provide the possibility of developing a forest inventory and does not take into
account the existing practice of forest planning. Some legislative requirements are not taken into
account in production and require the introduction of appropriate amendments. Therefore, it is not
necessary to speak about sufficient effectiveness of forest planning legislation.

In order to fully resolve the issue of the formation of lists of forest planning organizations
that can carry out forest planning, a normative document is required in which it is necessary to
provide a mechanism for granting legal entities the right to conduct forest planning. Step-by-step
regulation of the process of inclusion of the forest planning organizations in the list is required:

what kind of ownership can the organization be, what statutory fund should it have, what staff of
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professional workers with what level of qualifications should the organization have, what taxation
and table-top equipment should be available, the mechanism for filing an application for inclusion
into the list, the time and procedure for its consideration. It is also advisable to provide objective
reasons for which organizations can not be included in the list.

Also, in order to comply with the requirements of the new Forestry Code and the exclusion
of forest planning from the list of activities for which the exclusive right of the state applies,
amendments to the Law of the Republic of Belarus dated July 15, 2010 N0.169-3 "On sites that are
only in the ownership of the state, and the types of activities for which the exclusive right of the
state extends" shoud be made.

During the existence of the Republic of Belarus as an independent state, the organization of
the forest fund in the republic was carried out in accordance with several technical documents: the
forest planning instruction of the USSR (in the first years of independence), the forest planning
instruction of the Republic of Belarus (the instruction on forest planning of the state forest fund,
approved by the Forestry Committee under the Council of Ministers of the Republic of Belarus
dated 23.09.202 No. 12), the technical code of the established practice (TCEP 377 - 2012 (2080),
currently in force.

All these technical documents were based on the principles and experience accumulated in
the construction of the forest fund of the Soviet Union, designed in the form of a forest planning
instruction. In the future, when developing new technical documents, the necessary changes and
additions were made to the instruction, which are more of a cosmetic nature. Normative documents
did not set specific goals for the implementation of forest planning activities, there were no time
limits for their achievement, and the documents themselves were unlimited. Therefore it is
suggested:

1. In cases of the emerging need to implement production activities, to introduce changes
into the statutory and regulatory and technical regulatory legal acts that determine the principles of
forest planning of the forest fund of the Republic of Belarus timely.

2. Clearly define and formulate a list of goals and objectives to be resolved during the
validity period of the technical code that is for one round of forest planning, the period during
which the entire forest fund of the republic will be managed.

It seems advisable to revise permissible technologies, methods of forest planning, and
standards of deviations in determining taxation characteristics, taking into account the development
of forestry and the needs of the industry in the accuracy of the forest fund assessment, to eliminate
initially unrealistic or formal requirements for forest planning or those that are formalized only for

carrying out activities.
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Attention should be paid, for example, to the effectiveness of collective training and survey
work (to exclude formalism or to abolish in all, to oblige the taxator in the first month of the
field to tax selectively and using all the volumes of the reforestation, forest plantations, non-
timber forest resources), technical and forest planning meetings (all issues discussed there
should be prescribed in the regulatory framework with unambiguous understanding), training
of young taxators (only the eye-measuring method with the head of the party, the change in the
monthly rate, the extra charge to the latter), the continuity of materials from the previous round
of the forest planning. Increase the accuracy of taxation by expanding the use of the sampling-
measuring, enumeration methods (an unacceptable height error is greater than +/- 1 meter
instead of +/- 7%, an unreliable determination of the plantation’s completeness). In normative
documents, it is necessary to prescribe what is really done or should be done in the course of forest
planning.

For example, in TCEP 377-2012 (02080) it is stipulated that during the next basic forest
planning, the continuity of the materials of the previous forest planning should be maintained, the
numbering and boundaries of forest quarters, taxation allocations, main tree species, types of forest
should be preserved (if not specially justified). Changes in the boundaries of taxation allocations are
allowed in cases where part of the plantation in the old boundaries of the taxation allocation has
been cut down or destroyed (as a result of cutting or other reasons), resulting in two taxation sub-
compartments and if there were errors in establishing the boundaries of taxation allocations during
previous forest planning. At the same time, the experience of conducting field forest taxation works
and the development of cartography shows that in fact the continuity of the materials of the
previous round of forest planning in the republic is absent. This is due to a number of reasons,
among which the main one is the low quality of carrying out field taxation work in the previous
round of forest planning. Significant impact on the quality of forest planning and especially on the
establishment of the boundaries of taxation allocations was provided by low-quality aerial
photographs. As a rule, it is necessary to use spectrozonal images of scale 1:10000 for high-quality
interpretation of images in the forest planning. However, the last two rounds of forest planning in
Belarus were carried out using color imagery at a scale of 1:15000. The quality of these materials
did not meet the minimum acceptable quality criteria of the Belarusian forest planning.

Another important problem of continuity of materials of the previous round of forest
planning is intensive economic activity. As a result of occurring natural phenomena, shrinking of
plantations and, as a result of forest planning activities in isolated forest areas, as well as the
allocation of certain categories of forests and specially protected areas, fragmentation of species
takes place, taking into account the criteria for their isolation. It is not uncommon, when there are at

least 50 taxation sub-compartments in the quarter, at the same time it is not possible to merge
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similar sub-compartments into one based on the normalized criteria for organization of the
territory. This greatly complicates the process of forest planning, increases the cost of conducting
economic activities in the forest, reduces profitability and economic efficiency of management.
Therefore, the most important element of the strategic planning of the forest fund area, the
continuity of materials of the previous round of forest planning, approaching to the conduction of
forest planning in economic areas (the local method of forest planning) is a fixed boundary of the
taxation sub-compartment and its modification can be allowed only in the following cases:

1. change of boundaries and the area of taxation sub-compartments in the following
cases:

seizure of state forest fund lands;

reorganization of the forestry quarter;

cutting or death of a part of the plantation in the old boundaries of the allotment, as a result
of which two or more allocations are formed,

identification of errors in establishing boundaries of sub-compartments during the previous
forest planning;

the area of the sub-compartment is 3-5 hectares (a small quarterly network), 4-10 hectares
(usual), besides the exceptions - forest cultures, cuttings, etc.,

2. change of boundaries and area of the quarter is allowed in the following cases:

seizure of state forest fund lands;

admission of the territories adjacent to the quarter to the state forest fund;

reorganization of the quarter.

establish that if the boundaries of the quarters are changed, their sizes may deviate not more
than = 50 percent (to exclude unlimited adherence of lands accepted to the state fund).

3. the numbering change of the quarter and the sub-compartment is allowed in the
following cases:

acceptance of additional areas into the composition of the state fund,;

reorganization of the quarter,;

the formation of new sub-compartments in cases when this is permissible (see above).

4. change of the main tree species or forest type is allowed in the following cases:

identification of errors in the previous forest planning;

cutting of the plantation;

transition of plantations from one enterprise to another in consequence of economic activity;

the formation of new taxation sub-compartments in cases when it is permissible.

An integral part of the process of improving legislation is the constant study and tracking of

new inventory and forest planning technologies, the practice of applying digital methods for
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collecting and processing information in developed countries, and the introduction of these
technologies into the process of forest planning in Belarus, securing technologies that have proved

themselves in practice in the legislation.

1.2. A survey (questionnaire) of the forestry enterprises, RUE "'Belgosles', the Ministry of
Forestry, as well as other interested parties in order to identify problematic issues of the
current forest planning system.

In order to identify problematic issues of the current forest planning system, to determine the
ways of development of forest planning in the medium term, the possibility of introducing market
mechanisms in the sphere of forest planning it was suggested by the executor and supported by the
Ministry of Forestry to conduct a questionnaire survey among active workers in the industry
representing sample representativeness. For these purposes, a survey (questionnaire) was prepared
and coordinated with the Ministry of Forestry to conduct a survey (polling, questionnaire) of the
leading employees of the Ministry of Forestry, forestry enterprises, state production forestry
associations, RUE "Belgosles™ and other interested parties. The questionnaire includes both general
and specific creative questions for a competent response, which require a thorough knowledge of
forestry production and practical experience:

1. Specify the list of normative documents (legal and technical), in accordance with which
the regulation of forest planning in the Republic of Belarus is carried out.

2. List the documents in the field of forest administration, forest planning, which need to be
improved taking into account the development of forestry, forest management, forest inventory
operations, modernization of forestry production technologies and techniques, practice of their
application, optimization of technological and management processes in the forestry sector.

3. Describe, with specific examples, the problematic issues of applying in practice the
existing documents on the regulation of forest planning.

4. Give specific wording that you consider necessary to be added to legal and technical
documents regulating forest planning relations or to exclude them. Explain the answer.

5. Identify any problematic issues that you see in the current system of organization of forest
planning.

6. Is the interaction of your forestry establishment with the forest planning organization
sufficiently organized? If not, in which areas is the interaction organized insufficiently?

7. Describe how you see forest planning in the future.

8. In your opinion, is the market of forest planning services necessary in the Republic of
Belarus, if so, how many organizations in this market should work and what type of property should

they be? Explain the answer.
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9. In your opinion, is it possible to carry out forest planning in the republic by private forest
planning organizations?

10. If you are a supporter of the formation of a market for forest planning services in
Belarus, then in what period is it expedient to form it - immediately or gradually, for how many
years?

11. In your opinion, what method of forest planning (age classes or zonal level) is most
suitable for the conditions of Belarus and whether there is an expediency, including economic
changes in the method of forest planning at the present stage of forestry development. Explain the
answer.

12. How do you think it is necessary to improve the quality of forest inventory in the
Republic of Belarus (it means obtaining more accurate forest taxation characteristics of the forest
fund, rather than assigning forestry activities). Explain the answer.

13. Which of the following methods of taxation (approximate, selective-measuring,
enumerative) should be applied in the conditions of Belarus?

14. Which countries' experience in the field of forest planning is most suitable for the
conditions of Belarus? Explain the answer.

15. Describe what specific examples of forest planning and forest inventory you would

propose to implement in our country.

*k*k

During the study more than 100 respondents from almost all forestry enterprises and SPFE ,
Belgosles took part. Therefore, there is no doubt that the sample is representative. Analysis of the
data provided by the forestry enterprises shows that, in general, the work on forest planning in the
republic has been organized quite effectively. According to the questionnaires, the interaction of the
forestry enterprises with the forest planning organization is organized at a high enough level, as
evidenced by the fact that according to Table 1, almost 100% of the respondents favored the

absence of any problem points in this direction.

Table. 1. Is the interaction of your forestry establishment with the forest planning

organization sufficiently organized?

SPFE Yes, % No, % No answer, %
Brest SPFE 100
Vitebsk SPFE 95 5
Gomel SPFE 95 5
Grodno SPFE 90 10
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SPFE Yes, % No, % No answer, %
Minsk SPFE 94 6
Mogilev SPFE 92 8
RUE Belgosles

At the same time, the opinions of the forestry enterprises were divided on the question of the
expediency of the formation of a market for forest planning services in Belarus. According to Table
2 of the 100 respondents, 48 or 48% supported the development of the forest inventory market, 41
respondents, or 41% opposed, 11 respondents were undecided (11%). If the analysis is carried out in
the context of the regional state production forestry enterprises, so the situation is as follows: Brest
SPFE 8 - for, 6 - against, Vitebsk SPFE 6 - for, 11 - against, Gomel SPFE 14 - for, 4 - against,
Grodno SPFE 6 - for, 5 - against, Minsk SPFE 6 - for, 8 - against, Mogilev SPFE 7 - for, 6 - against.

The data presented show that there is no clear understanding of how the system of
organizing and conducting forest planning should develop in the forestry enterprises.

Nevertheless, the main arguments of the forestry enterprises supporting the forest planning
market are:

1. Competition;

2. Improvement of forest planning design quality;

3. Reduction of the cost of forest planning activities;

4. Stimulating the development of new technologies.

Forestry enterprises that are against market mechanisms as arguments usually claim that
there is state ownership of forests in the country and, accordingly, forest planning should be state. A
number of forestry enterprises express concern over the lack of control over the performance of
activities by private entities or responsibility for forest planning materials in case of liquidation of
private companies, there is a fear of "fly-by-night companies”, lack of sufficient knowledge among
private organizations (lvatsevichy, Lyakhovichi, Orsha forestry enterprises). Some forestry
enterprises (Baranovichi, Gantsevichi) support the possibility of the existence of a private forest
planning and at the same time deny the possibility of forming a market for forest planning services
as such. The position of those forestry enterprises that do not support private forest planning, but
they consider it expedient to form a market for forest planning services involving state forestry
enterprises is also interesting.

RUE "Belgosles™ expresses the position that "In itself, the market of forest planning
services is possible and can be useful if the main criterion for selecting organizations for forest
planning is primarily not the price of activities, services (as we do in the vast majority of cases), but
the confirmed quality of work™.

Currently, the decentralization of the market for forest planning services is possible through
the reorganization of RUE "Belgosles”, giving the status of independent legal entities to the existing
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four forest planning expeditions and subsidiaries, changing the functions and status of the central
apparatus. In any case, centralization of conducting forest planning (or coordination) should be

preserved. "

Table. 2. In your opinion, is the market of forest planning services necessary in the
Republic of Belarus and how many organizations in this market should work and what type of

property should they be?

SPFE Yes, % No, % No answer, %
Brest SPFE 57% 42
Vitebsk SPFE 32 58 10
Gomel SPFE 67 19 14
Grodno SPFE 55 45
Minsk SPFE 33 44 33
Mogilev SPFE 53 38 9
RUE Belgosles 100

The ambiguous position of the forestry enterprises is also expressed about the possibility to
carry out forest planning by private forest planning organizations in the republic.

Table 3 shows that out of 100 respondents, 49 or 49% supported the development of the
forest inventory market, 39 respondents or 39% opposed it, 12 respondents (12%) were undecided.
In the context of the regional state production forestry unions, the situation is as follows: Brest
SPFE 9 - for, 5 - against, Vitebsk SPFE 9 - for, 9 - against, Gomel SPFE 13 - for, 4 - against,
Grodno SPFE 6 - for, 5 - against, Minsk SPFE 3 - for, 9 - against, Mogilev SPFE 8 - for, 6 -
against.

The main arguments in favor of private forest planning, as well as the service market, are the
competitive environment (the most efficient one) - the reduction in the cost of the work performed
(the costs of production for private traders and, at the expense of competition, is lower than those of
state-owned enterprises, especially monopoly organizations) as a result - improving the quality of
work performed due to the struggle for the market.

The forestry enterprises that oppose private forest planning are more concerned about the
fact that forest planning materials are developed for a long time, usually up to 10 years, require
maintenance, updating, supervision, and, therefore, the customer does not have guarantees that the
private forest planning company that completed the work today will exist during this time period for
5-10 years.

RUE "Belgosles™” expressed a position that “forest planning is in fact a part of the system of
state forest administration - one of the most important components of state property. Therefore,

forest planning should be carried out by the state organization, taking into account that maintenance
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of the forest planning plan, including author's supervision, and the possibility of making changes
and additions for 10 years should be provided. There are no guarantees that private organizations
will exist for such a period. A unified system for the formation, processing and storage of forest
planning databases should also be provided.

The example of the Russian Federation shows that the thoughtless referring of forest
planning to the sphere of public services actually led to a loss of control over the condition and
exploitation of the state's forest resources. At the same time, the existence of so-called competition
only aggravated this situation. The experience of the Russian Federation does not allow us to
recommend such a perspective. The private forest planning system was not widely used even in
Western and Eastern Europe. Therefore, we believe that forest planning activities should be handled
by highly specialized enterprises controlled by the state."

From the above, it can be concluded that some forestry enterprises and RUE Belgosles are
concerned with the possibility of accompanying the forest planning project developed by the private
company during the entire period of its implementation by the forestry enterprise.

Warranty maintenance of forest planning materials can be carried out at the expense of the
stabilization fund, which is formed by own funds of the forest planning companies, regardless of the
form of ownership, before signing a state contract for the performance of forest planning activities
in the amount of 20% of the total value of the contract. If within five years after the forest planning
implementation the changes and additions related to the poor performance of forest planning
operations have not been made to the forest planning materials, the amount paid to the stabilization
fund by the forest planning company is returned to it in full, or reserved for other objects. If any
warranty works were made, then the amount is returned, minus the cost of guarantee work. It should
be noted that the forestry enterprise itself has the right to choose a forest planning company that will
provide warranty services for forest planning materials. This norm is already being studied with a

view to introducing it into the regulatory framework.

Table. 3. In your opinion, is it possible to carry out forest planning in the republic by

private forest planning organizations?

SPFE Yes, % No, % No answer, %

Brest SPFE 65% 35

Vitebsk SPFE 47 47 6

Gomel SPFE 62 19 19
Grodno SPFE 55 45

Minsk SPFE 17 50 33
Mogilev SPFE 32 38
RUE Belgosles 100
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The opinions of the respondents on the timing of the transition to market mechanisms for the
functioning of the forest planning were also divided.

Table 4 shows that out of 100 respondents, 50 or 50% spoke in favor of immediately moving
to the forest planning market, 24 respondents or 24% opposed, 26 respondents (26%) were
undecided. In the context of the regional state production forestry unions, the situation is as follows:
Brest SPFE 9 - immediately, 5 - gradually, Vitebsk SPFE 13 - immediately, 1 - gradually, Gomel
SPFE 13 - immediately, 3 - gradually, Grodno SPFE 6 - immediately, 1 - gradually, Minsk SPFE
3 - immediately, 10 - gradually, Mogilev SPFE 5 - immediately, 3 - gradually.

The main reason for the gradual transition to a market mechanism for forest planning of
forestry enterprises is the need to form a regulatory and legal framework. RUE "Belgosles” in the
questionnaire indicated that the market of forest planning services in terms of forest planning of the
forest fund is inappropriate. It is possible to form a market for other services close to the profile
of forest planning, for example, by transferring off-bearings and taxation of the cutting fund

to the sphere of services.

Table. 4. If you are a supporter of the formation of a market for forest planning
services in Belarus, at what time should it be expedient to form it - immediately or gradually?

SPFE Yes, % No, % No answer, %
Brest SPFE 65% 35
Vitebsk SPFE 68 5 27
Gomel SPFE 62 14 24
Grodno SPFE 54 10 36
Minsk SPFE 17 55 28
Mogilev SPFE 39 15 46
RUE Belgosles 100

To the question - what countries experience in the field of forest planning is the most
suitable for the conditions of Belarus, the majority of respondents spoke in favor of introducing the
experience of Poland in the Republic of Belarus (46%), for the experience of Finland 28% of the
respondents surveyed, 12% supported the experience of the reforms of the Russian Federation. 14%
of respondents believe that Belarus needs to develop its own model of forest planning and forest
planning.

Conclusions and recommendations: the results of the conducted survey show that the
respondents' opinions on market changes in the area of forest planning are divided roughly equally
despite a slight advantage of the market supporters. This suggests that the forestry enterprises
usually are not ready for such issues, they do not have their own formed position on the
effectiveness of forest planning. Due to the absence of any financial relations with the forest

planning organizations (the forest planning is financed from the republican budget directly to
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Belgosles, and not at the expense of the forestry enterprise), the forestry enterprises do not face the
issues of optimizing the costs of forest planning.

Some forestry enterprises do not see the expediency of any changes, or they do not fully
understand the advantages and disadvantages of the market model, or they do not show any interest
in reforming this sector.

However, the negative consequences of the existence of the current model are considered in
the initial chapter of this study, which sets forth the prerequisites for conducting research and
preparing proposals for improving the forest planning model.

The forest planning market itself is effective, evidence of this with supporting facts will be
given in the following chapters of this work, even the opinion of the interested state forest planning
organization of the monopoly Belgosles supports it — In itself, the market of forest planning
services is possible and can be useful if the main criterion for selecting organizations for forest
planning is primarily not the price of activities, services (as we do in the vast majority of
cases), but the confirmed quality of work.

At the same time, to form a forest planning market, no matter whether it is private or state,
decision makers need to take into account not only its advantages, but also to anticipate and take
into account all possible negative consequences of its formation, to use the experience of other
countries that have already passed this way and here the most useful is the research material of the
forestry enterprises in which they express their concerns on a number of issues:

lack of professional knowledge among employees of private organizations;

the possibility of entering of so-called "fly-by-night companies™ to the market ;

responsibility for forest planning materials in case of liquidation of a private enterprise;

support of the forest planning project throughout the whole period of its implementation by
the forestry enterprise;

control of forest planning.
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2. Development of proposals for improving the system of
organization of forest planning in the Republic of Belarus and
introduction of new technologies, taking into account
international best practices

Summary: This section provides an overview of the best forest planning practices and
applied technologies for assessing forest resources in countries such as Finland, Sweden, the Czech
Republic, Russia, Poland, taking into account national circumstances. The objective reasons of
carrying out the forest planning by the given countries on the two-level organizational model
(national inventory, classical forest planning) are analyzed. Examples of the most common
technologies and measuring instruments for the purpose of forest planning (LIDAR aerial laser
scanning of the surface, unmanned aerial vehicles, automatic photo interpretation, ArcGIS, Field-
Map software packages, technologies of national forest inventory, etc.) are considered; these,
depending on the required forest planning information and its accuracy can be applied in the
conditions of Belarus in a varying degree.

Recommendations for the conditions of the Republic of Belarus on organization and
implementation of forest mangement according to the model of classical forest planning and
conducting research in local sites for national forest inventory have been proposed in order to
compare the data of wood stocks conducted by various methods, and methods of zonal forest
planning, unmanned aerial vehicles technologies, automatic decoding of photos, introduction of
new modern software products upon analog of Field-Map, use of new modern high-precision

measuring instruments in forest taxation.

2.1. Preparation of a desk study of international experience in the field of forest planning
systems and organization (on the example of selected countries, which are leaders in forest
planning, such as Finland, Sweden, the Czech Republic, Russia, Poland); including analysis of
the main achievements of international best practices in forest planning (technologies,
methods, techniques)

In order to study the best practices for organizing and conducting forest planning in
developed European countries, and to avoid possible negative consequences in the reform of the
forest planning sector, that the countries faced, it is suggested to consider the experience of
countries such as Finland, Sweden, Czech Republic, Russia, Poland, which can be applied in
conditions of the Republic of Belarus.

It should be noted that the choice of the countries (Finland, Czech Republic, and Sweden) is

defined by the technical assignment for the work due to the fact that the Government recommended
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to the Ministry of Forestry to introduce the best forestry practices of the Scandinavian countries in
Belarus. The contractor of the works in coordination with the Ministry of Forestry proposed to
consider additionally models of forest planning of neighboring countries the most interesting and
similar for Belarus - Russia and Poland, especially since in the early 1990s, Belarus, Russia and
Poland had practically comparable starting positions of development and a similar arrangement of
forestry. The experience of Poland is also useful because the results of reforms of the forest sector
of this country, conducted since the end of the last century, are highly appreciated by independent
international experts. Russian experience is suggested to be considered as one of the most
controversial. On the one hand, much has been done in the country for the development of the
forestry complex, its transfer to the market type of doing business without transferring forests to
private ownership, and on the other hand, because of the insufficiency of budget financing, low-
income forestry subsectors (segments), for example, forest planning, are affected. It is worth noting
that in the process of forming the Eurasian Economic Union, the legislation of Russia and Belarus,
including the forestry sector, will tend to gradually converge, harmonize and unify in order to create

common business conditions within the borders of the union.

Finland:

The Finnish forest planning system is a two-level system:

the first level is the national forest inventory;

the second level is the actual forest planning or forest planning of forest management
activities on separate territorial units or within the boundaries of land ownership.

The task of the national forest inventory is to obtain information about forests on a national
scale, the task of forest planning is to support the forest owners in making decisions that manage the
productive capacity of forest areas in order to extract the maximum benefit by the forest owner.

Inventory of forest resources:

is carried out by the Forest Research Institute (Metla);

is based on a systematic sampling of experimental sites;

is used to compile calculations for large areas, regions of forest centers;

is carried out by many sources (satellite imagery and other digital materials), calculations at
the level of the administrative district;

result for forest exploitation - calculations on logging/estimated cutting areas.

With the help of forest planning activities, forestry programs are implemented in practice,
based on scientific research and practical experience, forest owners receive advice for activities that

contribute to the realization of their own goals:
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reforestation;

care for young forests and thinning;

harvest cutting;

forest hydromelioration/repair of drainage system;

construction and proper maintenance of forest roads;

fertilizing;

the efficiency of wood procurement and logging, the involvement of logging contractors;

different objects of application of geographic data.

Regional forest planning plans and forest planning plans for individual forestry enterprises
are compiled by forest centers and include the following information:

the owner, the enterprise, the forest planning plan and its originator;

the current state of the forest and the tasks of forestry;

forecasts for the development of forests for the planning period (in case of performing the
recommended works);

key moments of forestry development in this sector;

places of growth on the hills and bogs;

types of wood and development classes;

data on the growing stock according to development classes;

data on the growing stock according to age categories;

destruction of fully stocked wood;

valuable living communities of forest nature;

endangered plants and animals;

cuttings (cuttings, incomes and expenses, cuttings by development classes and methods of
cutting, forecasts of the growing stock development by development classes, forecasts of the
growing stock development by age categories, cutting by sub-compartments + proposed cuttings,
thematic map);

schedule of proposed works on forest planning and their cost;

the possibility of obtaining a state subsidy for forest planning;

thematic maps;

data required for a forest use declaration.

Forest planning and calculations are based on forest planning data. In Finland, this forest
planning data is collected during field work in the forest. The basic unit of forest planning is an sub-
compartment (in most cases, an area from 0.5 to 2.0 hectares) homogeneous in terms of age, soil

fertility, species composition and reclaiming conditions. Enumerative methods of taxation are
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applied. The cross-sectional area of the growing stock on the allotment is taken as the weighted
average of the representative subjectively chosen accounting areas. Trees are counted using a
relascope. Then the forest manager determines the cross-sectional area of the average diameter tree
for each species and for each tier of the growing stock. For this purpose, a diameter at chest height,
height and age are set. Also, the minimum and maximum diameters for each part of the sample can
be measured. In addition, features of the growing stock are recorded (biodiversity, landscape,
recreational value, various damage).

In private forests, the forest planning includes both planning territories (for example, with a
size of 4000 hectares) and sub-compartments (eg 1000 hectares) within the territories. The goal is to
cover the forests around, for example, a certain village, in order to ensure a concentrated marketing
of forest planning services, communication with forest owners and efficiency of work through the
spatial organization of forest planning facilities. Plots (similar to quarters) are an element of
coordinated actions during forest planning. For example, usually one designer is entirely responsible
for forest planning within the sub-compartment. The annual territory of forest planning at an sub-
compartment level throughout Finland is about 1 million hectares.

Forest plans are developed by thirteen forest centers. Although all the forests of the planning
territories are covered by the forest planning at the level of the sub-compartment, only a part of the
forest owners are willing to pay for their forest plans. The cost of the forest plan is about 18 euro/ha.
Half of the cost falls on field work. However, due to state subsidies, the forest owners pay only a
part of the amount. For example, in East Finland, the owner of a plot of 45 hectares of forest must
pay 30 euro + 7.5 euro/ha for a forest plan prepared by a local forest center.

There are other actively developing methods of forest planning. Obviously, in the future,
forest planning data will be collected only on the basis of remote sensing of the earth. With respect
to forest planning, this means that it will be increasingly isolated from the forest managemnent and,
thus, the activity will be focused on planning calculations and on the goals of decision-makers. (1).

Sweden:

In Sweden, the area of forests used for the production of timber and pulpwood is 22.9
million hectares. Half of these forests belong to several large companies, and the second half is
divided into more than 200 thousand private properties. Information on accounting for these forest
resources is in demand at several levels:

governing bodies need summary information on all forest owners;

owners need more detailed information on their forests for compiling forest planning plans;
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at the level of plantations, the information is regularly required on those parts of the forest
where cutting is planned, or the cutting has recently been carried out.

As a matter of fact, the system of organization, methods and technologies of forest planning,
applied in Sweden are the same as in neighboring Finland.

Sweden is the founder of the national forest inventory, this forest accounting technology was
developed in the 20s - 30s last century and was subsequently extended to other countries.

The Swedish National Forest Inventory Program is based on the annual systematic
description of field trial areas throughout Sweden. The goal of the program is to collect reliable
statistics for 31 provinces (or for parts of provinces) using the five-year average results of surveys in
field trial areas. Trial areas are located in groups on the sides of the square, each group consisting of
6 (12) temporary circular areas with a radius of 7 m or 8 permanent circular test areas with a radius
of 10 m. Annually in Sweden, accounting of approximately 5,300 permanent and 3,500 temporary
trial areas is maintained. Constant trial areas are re-examined once every 5-10 years. Since 1996, the
coordinates of the trial areas are determined using GPS, which allows further sharing of plantation
characteristics and pixel characteristics on satellite images.

As a basis for the inventory, public photos of Landsat are taken. Their use gives enough
information about the territory, is not overloaded with small details and is convenient for
deciphering homogeneous forest plantations (such a majority in Sweden). On each trial area,
specialists who have passed competitive selection and special training, collect data characterizing
the landscape, vegetation, soil, species diversity by two hundred parameters. Inventory has a five-
year cycle. This allows to accurately know and closely monitor the state of forest plantations of the
territory and plan forest planning activities.

New remote methods of forest planning and assessment of forest resources are actively
applied.

State forest monitoring using satellite data is carried out using medium-resolution optical
imagery from Landsat or SPOT satellites. This technology has been effectively used in recent years
by the Swedish Forestry Agency and the Swedish State Forest Inventory Program. The Forestry
Agency annually receives satellite images throughout the entire forest area of Sweden. The most
important area of application of images is the control over the use of issued permits for cutting;
since 2003, the boundaries of cutting areas in the area have been monitored according to the
pictures. This work is carried out by local foresters (in about 100 forest districts) using a specially
developed GIS and image processing programs that were developed.

The Forestry Agency analyzes the change detection using relatively calibrated images, where
"forest™ pixels are used as the spectral standards. For the implementation of this monitoring project,
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an annual summer survey of the entire territory of Sweden by SPOT satellites was carried out in
recent years. The snapshot database created in the course of the project can be effectively used to
solve other forestry tasks, for example, for assessing the parameters of plantations by joint analysis
of images and data from land trial areas of the national inventory.

The main part of the research on the use of remote sensing in forestry in Sweden is carried
out at the Laboratory of Remote Sensing of the Swedish Agricultural University (SLU).

Geoinformation systems and remote sensing data of the Earth are widely used for a variety
of purposes - from assessing the spread of forest fires to planning for forest use, placing forest
roads, etc.

In order to assess forest resources, many remote systems are used - optical images of
different resolutions, through which the territory is classified by type of coverage, radar images, and
the LIDAR system for automatic 3D modeling of terrain models, laser scanning used to obtain the
volume model of the growing stock, etc.

For detailed examination of small areas, unmanned aerial vehicles are actively used, which
from a height of up to 250 meters, take pictures with a resolution of several dozens of centimeters.
With the help of a special GIS program, it is possible to build a 3D model of the relief and forest
plantations.

For the purpose of designation and planning of forest planning activities, classical forest

planning is also carried out using the methods used in Finland. (2).

Czech Republic:

There are about 280 thousand forest owners in the Czech Republic, 60% - state forests, 40%
- respectively, private. To provide forest owners with relevant and accurate information on forests, a
two-level forest inventory and forest planning model is used - traditional forest inventory, classical
forest management - forest planning.

The traditional inventory of forests in the Czech Republic has been carried out since 2001 by
the state forest planning organization Brandis nad Labem. By now 3 cycles of the traditional
inventory have already been carried out:

1st cycle - 2001 - 2004,

2nd cycle - 2011 - 2015;

3rd cycle - 2016 - 2020 - is currently performed.

Traditional inventory is conducted on more than 14000 trial areas with a repeatability of 5
years. With each new inventory cycle, the amount of data collected is greatly expanded, and modern
remote methods of accounting - remote sensing of the earth's surface - are being introduced. A
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comprehensive software product used to collect field data on trial areas is the national Field-map
program.

Forest planning is carried out by private forest planning companies on a competitive basis.
Based on the results of forest planning, a forest planning design or a forest planning basis for a
period of 10 years is being developed. The forest planning design is developed for an area from 50
hectares to 20000 hectares, a forest planning foundation for an area of up to 50 hectares. The
principal difference between the forest planning design and the forest planning foundation is that the
forest planning foundation is given out to the forest owners to ensure rational and efficient forest
planning, but if the forest owner does not conduct any forest planning activities in his forest, he may
not receive a forest planning foundation in the local government. The forest planning design is a
binding document that the forest owner orders and pays for in the forest planning organization for
the implementation of forest planning and conducting forestry. The volumes of economic activities
are indicated in the forest planning design - cleaning cutting, volumes, a list of forest species that
need to be restored on cutting sites, volumes of fire fighting, forest protection and other measures.

In addition to the forest planning design and the forest planning foundation the state forestry
enterprise Brandis nad Labem develops territorial development plans for the forests throughout the
Czech Republic, which, in effect, regulate the basics of forest planning and conducting forestry,
depending on climatic, terrritorial, forest typological and other factors. Since the influence of these
factors on forests has a long-term period of time, the implementation period for such plans is up to
20 years.

Methods of forest planning are similar, as in other countries:

a continuous count of the trees on the sub-compartment;

laying of relascopic platforms;

eye estimation of plantation taxonomic indices.

The cost of forest planning works, depending on the methods of forest planning, varies from
5 to 15 euro/ha.

To collect field forest planning data, the most common software is Field-map, but many

private forest planning companies use other programs.

Russian Federation:
In accordance with the Forestry Code of the Russian Federation dated December 4, 2006 No.

200-FZ, forest planning and forest mangemnt of the Russian Federation is in fact a two-level
system:

1st level - state inventory of forests of the Russian Federation;
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2nd level - forest planning in local facilities, with observance of all state standards and
norms.

According to Article 90 of the Forestry Code, the state forest inventory is a measure to verify
the condition of forests, their quantitative and qualitative characteristics, and is carried out in order
to:

timely detect and predict the development of processes that have a negative impact on
forests;

assess the effectiveness of measures for the security, protection, reproduction of forests;

information management of the use, security, protection, reproduction of forests, as well as
in the field of federal state forestry supervision (forest service).

The state forest inventory is carried out by the authorized federal executive authority in
respect of forests located on the lands of the forest fund and lands of other categories by terrestrial
and aerospace methods.

The procedure for conducting state forest inventory is established by the federal executive
body authorized by the Government of the Russian Federation.

The State Forest Inventory of the Russian Federation is carried out in the following areas:

determination of quantitative and qualitative characteristics of forests;

assessment of the effectiveness of measures to secure, protect, reproduce forests and use
forests by terrestrial methods;

remote monitoring of forest use;

formation of federal information resources.

According to Internet sources, the order of carrying out, processing of registration data, the
purpose of the State Forest Inventory collides with a lot of criticism from scientists, practitioners,
leading foresters of the country. Features of GIL of the Russian Federation are as follows:

the first cycle is conducted in accordance with the long-term program, designed for 15 years;

it is based on the laying of a network of permanent trial areas;

the data of the latest forest inventory and stratification of forests is used to determine the
volumes of the land sampling and its location;

the authors of setting tasks and algorithms for data processing are still unknown;

in inaccessible areas, the representativeness of the ground sample is usually not ensured;

is performed by FSBI "Roslesinforg™ in accordance with the State order;

is financed from the Federal budget;

the current GIL technology is being sharply criticized by scientific and public organizations,
its results do not find practical application.
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The main problems of the State Forest Inventory of the Russian Federation:

the absence of the approved by the Russian Federation Government GIL Procedure (Article
90 point 5 of the Forestry Code of the Russian Federation), the current procedure is approved by the
order of the Federal Forestry Agency No. 207 dated 06.06.2011,

earlier the GIL was carried out in accordance with the Resolution of the Government of the
Russian Federation No. 407 dated 26.06.2007 "On Conducting the State Forest Inventory™ and the
Provisional Rules for Conducting Field Work on State Forest Inventory approved in 2007 by the
Director General of FGUP "Roslesinforg™" V.G. Cresnov;

imperfection of the current Methodological recommendations for the conduct of GIL,
approved by the order of Rosleskhoz No. 472 dated 10.11.2011;

design of GIL for forest areas, implementation of activities of the federal GIL project
consistently for the subjects of the Russian Federation, data aging;

excessive requirements for the accuracy of the definition of timber reserves;

modern remote sensing methods in combination with ground-based measurements on trial
areas are not used,;

there is no rational method of forest inventory in hard-to-reach areas;

trial areas: overloaded with secondary measurements (117 indicators), all constants (i.e. in
the next cycle GIL measurements will be on the same points) are not clustered (excessive waste of
time and effort);

during statistical processing of the primary data of trial areas, non-traditional methods and
software of Czech production are used,;

for the calculation of taxation characteristics, a tree-based approach is used, not the
calculations of the taxation characteristics of plantations;

methodological methods that are not used in national practice and are based on not quite
clear concepts, such as "representative tree area”, "normalized average stock", "virtual trees" are
used;

as a result, the final data for calculating the quantitative and qualitative characteristics of
plantations can have significant distortions in the real picture and can not be compared with data, for
example, from the State Forest Registry.

Actually, forest planning is carried out on the lands of the forest fund, as well as on the lands
of defense and security, the lands of settlements, on specially protected natural areas where forests
(or urban forests) are located in accordance with the Rules for Conducting Forest Inventory, which
are established by a forest planning instruction approved by the authorized federal executive body.

In accordance with Article 68 of the Forest Code, forest planning includes:
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design of forest districts and forest parks (their boundaries are established, the division of
forest districts, forest parks into zonal forest districts, the definition of a quarterly network);

the design of operational forests, protective forests, reserve forests, as well as specially
protected forest areas (carried out for the purpose of subdividing forests into species for their
intended purpose and allocating specially protected forest areas, the boundaries of operational
forests, protective forests and reserve forests are established by quarterly clearings, forest quarters
boundaries and forest taxation taking into account the natural boundaries of forest districts, forest
parks, the design of specially protected forest areas in operational forests, protective forests and
reserve forests are carried out in order to identify areas of forests that are important for coastal
protection, soil protection and other functions. The boundaries of such forest areas are set according
to quarterly clearings and boundaries of forest areas, taking into account natural boundaries, as well
as forest taxation divisions);

design of forest plots (the preparation of design documentation on location, boundaries, area
and other quantitative and qualitative characteristics of forest areas is carried out, the location,
boundaries and area of forest areas are determined respectively by forest quarters and/or forest
taxation areas, parts of forest taxation sub-compartments, their boundaries and area);

fixing the boundaries of forest districts, forest parks, operational forests, protective forests,
stand-by forests, especially protective areas of forests and forest areas on the terrain;

forest taxation (carried out to identify, account and assess the quantitative and qualitative
characteristics of forest resources, with the taxation of forests conducted within the boundaries of
forest areas, forest districts and forest parks, the boundaries of forest taxation are established, the
prevailing and associated tree species are identified, the diameter, height and volume of timber,
forest conditions, the state of natural renewal of tree species and underbrush, as well as other
characteristics of forest resources);

design of measures for the security, protection, reproduction of forests.

In accordance with Article 70 of the Forestry Code, the performance of work, forest
planning services are carried out in accordance with civil law. Bodies of state power or bodies of
local self-government shall purchase activities, services for forest planning in accordance with the
procedure established by the legislation of the Russian Federation on the contract system in the
sphere of procurement of goods, works, services to ensure state and municipal needs.

Just like the State Forest Inventory, the forest planning of the Russian Federation is criticized
by practitioners and scholars of Russia for a number of reasons:

forest planning is not based on a long-term program and is mostly unsystematic, mosaic and

shallow-contour nature;
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old obsolete technologies are used that do not take into account the latest achievements of
science and technology in the field of remote sensing;

annual scope of work is insufficient to meet market needs;

Is carried out by the winners of competitive and auction procedures, as well as by direct
agreements with tenants of forest areas;

financed by subventions from the federal budget and tenants of forest areas.

Poland:
The organization of the forest inventory of Poland is similar to the countries discussed

above.

For a reliable assessment of forest resources on a countrywide scale, since 2005, the Polish
Forest Inventory and Forest Geodesy Bureau has been carrying out a national forest inventory. The
national inventory is carried out on the network of permanent test areas for monitoring the Pan-
European ICP FOREST network 16 x 16 km (individual trial areas are designed according to the
network scheme of 4 x 4 km tracts).

Trial areas, like in the Czech Republic, are noted in a hidden way, they are used to record
and assess the state of growing stock, tree and shrubbery vegetation, estimate the amount of forest
use (actual and projected by the forest planning for the forthcoming period), volumes of dead and
fallen wood are measured, as well as the other indicators. The national forest inventory is carried
out with a cycle of 5 years; the second inventory cycle has now been completed.

For planning and designation of forest planning activities in order to achieve a balanced and
rational forest planning in Poland, a forest inventory is organized according to classical schemes.
The forest planning design is developed for a period of up to 10 years and must comply with the
requirements of environmental, forest legislation, and provide an economically sound approach to
the organization of forestry. The forest planning plan may be amended in agreement with the
Ministry of Environmental Protection (for state forests) or voivode (in other cases).

The forest inventory plan includes:

a general description of the forests of subforests district;

analysis of economic activity;

taxation description of allotments;

a list of all forest planning measures, their volumes, which are required to be carried out
during the audit period;

volume of cutting of main and intermediate use for the revision period;

forecast of the impact of forestry activities on the environment;

a program for the security and protection of the environment;
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economic calculations of activities and forest use;

justification of subsidies, which must be received by a forestry establishment for the
implementation of projected forest planning activities;

cartographic basis.

For forests that are not state forests, a simplified forest planning design is prepared that
contains a brief description of forests, forest lands designated for reproduction and management of
forestry, and a short list of activities designed to ensure rational and sustainable forest planning.

Methods of forest planning used in Poland:

laying of relascopic platforms.

At the present time, in the process of forest planning, aerial photographs and satellite
imagery are used in practice, as well as orthophotos produced on their basis. Everywhere, GPS
receivers, electronic diameter measurement systems, recorders and digital cards with the
appropriate software are used. In addition, Polish forest managers are directly involved in research
forest works, the introduction of new technologies, for example, in improving the principles of
accounting for wood resources, laser aeroscanning and other technologies.

The Forest Inventory and Forest Geodesy Bureau has established a Forest Data Bank which
contains information on all Polish forests irrespective of their form of ownership.

The forest data bank consists of the following portals:

accounting portal,

reporting portal;

Internet portal.

The Data Bank accumulates information about the forest fund, obtained from various
sources - state forestry organizations, scientific organizations, private entities, individuals,
environmental communities, and other sources. Information about forests from the Data Bank is
available from the GIS. Cartographic information is stored in the ArcView coverage format and is

linked to a topographic basis. (3).

Conclusions and recommendations: an analysis of the features of the organization and
implementation of forest planning in Finland, Sweden, the Czech Republic, Russia and Poland
shows that in almost all the countries under consideration a practically similar two-level
organizational model of forest planning is used:

national forest inventory;

forest planning (classical forest planning).
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In forest planning, well-known methods of taxation (eye, continuous counting, laying of
relascopic sites) are applied, depending on the required accuracy.

For all countries, including Belarus local application of elements of remote methods for
characterizing forests is common, geoinformation systems are widely implemented and modern
electronic equipment is used - GPS receivers, electronic altimeters and diameter measurement
systems, recorders and digital maps with appropriate software. Based on the results of the forest
planning, forest planning plans are being developed in which the volumes of the main forest
planning activities and cutting are given, differing in different countries and regions, as a rule, by
the target set of data, sheets, etc. necessary for the particular forest owner.

Multilevel organization of the system of forest planning with the national inventory can be
considered more as a forced measure in countries with a large number of forest owners, including
private ones. For example, in Sweden the number of forest owners is more than 200 thousand, in the
Czech Republic - more than 280 thousand. According to the legislation of European countries, in
the absence of any planned economic activity, forest owners are not obliged to carry out forest
planning, accordingly, there will be no information on forests in such cases. Thus, in order to obtain
up-to-date, reliable information about the state of the country's forest fund, the efficiency of forest
planning, the provision of this information by authorities and the formation of information
resources, the governments of the countries resort to the statistical method of accounting for forest
resources.

In Russia, the situation is different because, due to the large area of forests and the lack of
budget financing, forest planning with land-based elements of taxation is not actually conducted on
the entire forest fund area. Information on the area of the forest fund on which forest inventory was
conducted during the last revision period (10 years) with entering each sub-compartment in
different sources varies significantly. Reliable data can not be maned even by leading forestry
experts of the Russian Federation. For example, on the official website of the Union of Foresters of
St. Petersburg, the leading forestry scientist of Russian Federation R.F. Treyfeld in the article
"Between the Forest Planning and the GIL" indicates that the share of legitimate, non-overdue
forest planning materials today does not exceed 10% of the total forest area of the intensive forest
use zone according to Roslesinfog - 24%, but this together with cameral actualization, which is not
a full-fledged forest planning) (16). In addition, despite the state ownership of forests in Russia, and
de jure the forest ownership of state forestries, a large part of the forest has been leased to a number
of private forest users. In the forest fund of Russia there are about 9.3 thousand administrative and

economic units - objects of forest inventory (1.8 thousand forestries, former forestry enterprises,
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and 7.5 thousand zonal forest districts). l.e. here the factor of plurality of forest owners is triggered
too.

In Belarus, there are no so many forest owners as in the countries under consideration, and
forest planning according to the classical scheme is carried out throughout the entire forest fund
every 10 years with a visit to each sub-compartment. Of course, from the date of approval of the
forest planning plan, the relevance of the data is reduced, but it can be concluded that no matter how
representative the sample was, accounting of forest resources in the scale of the country, with a visit
to each sub-compartment, is the most accurate way for Belarus. Currently, the question of assessing
forest resources in Belarus is not urgent. Therefore, carrying out a national forest inventory in the
country today will not give a proper positive economic effect.

The Belarusian state forestry enterprise Belgosles confirms “that the so-called "national
forest inventory”, once approved by RUE" Belgosles™ in the forest fund of the republic in 1998 in
the forestry enterprises of the Grodno SPFE, by laying a certain system of permanent radius areas
and determining the taxation characteristics on them, turned out to be inappropriate in the system of
high-level forest registration, design and mapping.”

Today, the national forest inventory for the conditions of the Republic of Belarus is of more
interest for scientific purposes. Indeed, according to Internet sources, the forest fund indicators on a
national scale, calculated from the data of statistical studies and materials of forest planning, differ
to a large extent (discrepancies in individual indicators are up to 50% or more, and as a rule, the
statistical method increases the value of the indicator) and it would be useful from a scientific point
of view to compare the data on the stocks of tree species obtained by different methods (statistical
method and forest inventory).

Since the statistical method can increase the estimated timber reserves in the country, the
positive economic effect in this situation can be achieved in the foreseeable future after the
ratification of the Paris Agreement on Climate and the Assessment of the Potential of Belarusian
Forests for the Absorption of Greenhouse Gases by International Climate Funds.

With regard to the use of modern geo-information systems, GPS receivers, electronic
altimeters, diameter measurement systems, recorders, digital maps with the appropriate software,
unmanned aerial vehicles in the countries under consideration, it can be noted that such
technologies have been successfully introduced in Belarus, and the expansion of their use will be is

considered in Section 2.3. of this work.
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2.2. Preparation of proposals for improving the quality of forest planning design, including
the use of new technologies for collecting field data (sampling method and field measurement
of areas); the use of various available data sources (such as satellite imagery, both from free
access and commercial, digital aerial photographs, LIDAR, digital surface models, GIS
systems and databases, etc.), and data storage and processing systems, software (comparing
open source software and proprietary software), and the dissemination of information
through web portals

The experience of European countries shows that with the development of space
technologies, remote sensing of land, digital systems for data collection and processing, forest
planning technologies have also undergone significant changes. Today in the developed western
countries and in Russia various new technologies of forest inventory, collection of taxation
information are applied. In this section, in accordance with the terms of reference, examples of the
most common technologies and means of forest planning (LIDAR aerial laser scanning of the
surface, unmanned aerial vehicles, automatic photo interpretation, ArcGIS software
packages, Field-Map, technologies of national forest inventory, etc.) are considered. Depending
on the required forest planning information and its accuracyi, it is possible to apply it to some extent

in the conditions of Belarus (17).

1. LIDAR aerial laser scanning of the earth's surface allows obtaining three-dimensional data
containing complete spatial-geometric information about the terrain, forest and vegetation cover,
hydrography. This technology allows monitoring of forests and biomass. Space (for example, GLAS
- Geoscience Laser Altimeter System) and aviation lidars allow to determine the height of the forest
cover. Thus, with the application of the technology under consideration, it becomes possible to
clarify the distribution and area of forests, calculate their taxation parameters (wood stock,

completeness, height of the main forest canopy) and monitor the dynamics of the forest fund.
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Figure 1. LIDAR aerilr laser scanning of the earth’s surface

The technology of laser scanning has been spreading since 1991 in the Scandinavian
countries (Finland, Sweden, Norway) in the inventory of forests. Two main forest inventory
methods based on laser scanning have been developed. Using laser data of low registration density
(about 1 laser pulse per square meter), it is possible to reveal statistical relationships between
measurements in field areas and the characteristics of data obtained from the laser. Thus, the
revealed patterns of the statistical distribution of tree heights can then be used in all plantations
where laser scanning was performed. This method provides estimating of the stock of trunks with
standard uncertainty of 10-15% (4). Commercial use of laser measurements for forest inventory was
first carried out in Norway. The first industrial test in Sweden was conducted in 2003, when a 5000
hectare area was surveyed with a laser (5). The standard uncertainty at the stand level was 14% for
barrel volume, 5% for tree height and 9% for average diameter.

A fundamentally different approach is laser scanning with a density sufficient to produce a
set of laser pulses per tree to determine individual trees, which requires a density of about 5 pulses
per square meter or more. At present, such data is mainly obtained from scientific research from a
helicopter, but the technical developments that allow obtaining data from a very high-density laser
sensor from fixed-wing aircraft are a very promising option for subsequent forest surveys
nationwide. The contribution to this development is the evolving technology of using a video
converter, which uses many sensor elements to record the return signal from each laser pulse output.

One such study was conducted in Sweden in a forest with a predominance of coniferous species.
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Using a high-density laser sensor, it was possible to identify more than 70% of all trees, which
totaled more than 90% of the stock of trunks. The height of the trees and the diameter of the crowns
were also determined automatically, both indicators being accurate to 0.6 m. Using the
characteristics of tree crowns, automatically obtained from laser scanning data, it is possible to
divide pine and spruce with an accuracy of 95%. Laser data used in conjunction with optical
imagery allows more accurate determination of tree species, evaluation of barrel diameter
distribution using a high-density laser sensor, and segmentation of plantations in photographs.

Equipment for laser scanning consists of:

scanning unit - receiving and transmitting device of laser pulses;

the navigation complex, including the Global Positioning System GPS or Glonass, the IMU
inertial system, which in joint operation gives synchronization to the operation of the scanning unit
and obtaining the exact coordinates of each laser reflection point along the XYZ axes;

baseline ground stations for precise positioning of GPS-GLONASS;

software.

Figure 2. Equipment for laser scanning

The high-precision air laser scanner Leica ALS-50-I1 is able to efficiently operate both at
small and large shooting heights, while ensuring consistently high accuracy of laser data and a high
density of points. The innovative Multi Pulse In Air (MPiA) technology in the scanner ensures
simultaneous presence of two laser pulses in the air, which doubles the performance of the scanning
system.

Aerial laser scanner Leica ALS-50-11 provides obtaining the densest cloud of points on the
earth's surface with high accuracy of geospatial coordinates up to 10-12 centimeters. This laser
scanner has the capability of lidar shooting both from low altitudes up to 200 meters, and from great

heights - up to 6000 meters, which provides a fairly wide range of use of this equipment.
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Advantages of Leica ALS-50-I1 air scanner

The main advantages of the Leica ALS-50-11 air laser scanner are the following:

a wide range of possible laser scanning angles;

the possibility of shooting from high altitudes - up to 6000 meters;

high planned accuracy of position determination of laser reflection points;

high accuracy of determining the heights of laser reflection points even at high flight
altitudes;

the presence of MPiA (Multiple Pulses in Air) technology, which allows obtaining a high
density of laser reflection points even at high survey heights.

It is not possible to bring the full cost of the equipment under consideration for carrying out
forest measurements and software to it, due to the exclusivity and specificity of the request for its
target production and program development. This issue can be solved through negotiations with the
software manufacturer and developer. It is enough to say that these are very complex measuring and
software modules, stuffed with electronics and extremely expensive. Nevertheless, with their
effective use, the cost is justified by high accuracy, productivity and efficiency in operation.

Conclusions and recommendations: the technology of air laser scanning with the use of
lidars allows you to accurately determine the taxation characteristics and stocks of plantations with
an error of up to 15%, which is a permissible level for the conditions of Belarus. Its main
advantages are high productivity, reduced labor costs, work time, high quality and accuracy in large
and hard-to-reach areas (the accuracy of materials is up to 15 cm when working from a height of
1500 m and 5 cm from 500 m). On the other hand, the technology is quite expensive and requires
significant financial costs, especially at the initial stage for the purchase of equipment, software
packages, and personnel training. According to Belgosles, a similar "method of laser scanning with
a three-dimensional image and multispectral orthophotography has already been presented in
Belarus by the Latvian company METRUM and is useful for obtaining point information, but not

for application for the purpose of assessing forest resources on large areas." As for the profitability
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of the technology, according to Internet sources: "The exceptional profitability of air laser scanning
begins when working in flat areas with an area of 5 sq. km. Naturally, like aerial photography, air
laser scanning with increasing area becomes more cost-effective in linear dependence.

The economic effectiveness of air laser scanning is not only in fairly short terms of
execution, but also in obtaining data beyond the designated boundaries of the object, which, when
making changes to the existing design and project documentation, will not affect the increase in cost
from remote methods. Obtaining data for the topographic base is done without fieldwork in full.”
(12).

As a rule, in forestry, laser scanning is used in carrying out national forest inventories.
Therefore, in modern conditions of Belarus, with the coverage of 100% of the forest fund by
classical land-based forest planning technology, the use of laser scanning technology is not
economically justified. In case of development of elements of the national forest inventory, if such
necessity arises, it is possible to consider laser scanning as one of the means of forest inventory. In
this case, in order to obtain a synergistic effect and optimize costs, it is most advisable to carry out
works jointly with geodesic organizations, land management services, agricultural organizations for
which the scanning of the earth's surface is of no less interest.

2. Unmanned aerial vehicles. The technology of unmanned aerial vehicles makes it
possible to significantly simplify the work when conducting a survey of forest resources, forest
inventory on significant areas damaged by natural factors, fires, forest diseases. The use of such
technologies has recently become quite promising and is gaining increasing popularity, particularly
in the forests of the Baltics and Russia. For the conditions of Belarus, the use of quadrocopters has a
positive economic effect, since the cost of one quadrocopter averages about $ 1,000, and the
software product for processing averages about $ 2,000, especially since it has already been
developed by the domestic company. In general, taking into account the above, the use of unmanned
aerial vehicles in Belarus is promising.

Figure 4. Unmanned aerial vehicle (quadrocopter)
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Figure 5. Unmanned aerial vehicle (quadrocopter)

Figure 7. Unmanned aerial vehicle
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Aviation method of forest planning is one of the most attractive, combining high
productivity and accuracy of work, their targeting, low cost of work.

Radio-controlled unmanned aerial vehicles equipped with a photo and video camera with the
required resolution and technical characteristics can provide automation of a number of works
related to forest planning:

operational survey of cutting sites and other economic activities in forests (in the mode of
photo or video documentation); these works can be carried out by the forest planning organization,
forestry enterprises, forestries;

forest-pathological taxation of the state of forest fund plots (in the mode of photo or video
documentation) in order to identify diseases and lesions of plantations;

planned aerial photography of large areas of forest stands for forest planning;

targeted aerial photography of small forest areas on the order of the forestry enterprise for
making changes to the forest management plans ;

local aerial photography of forest areas commissioned by the forestry enterprise for the
purpose of establishing forest sites damaged as a result of natural phenomena, fires, forest diseases.

Figure 8 shows Image of plantation and logging area from the camera of an unmanned aerial
vehicle

Figure 8. Image of plantation and logging area from the camera of an unmanned aerial

vehicle
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Today, the market offers, depending on the size, required specifications, equipment, a wide

range of unmanned aerial vehicle modifications, and their cost starts from several thousand dollars

to dozens and hundreds of thousands.

For the purposes of forestry, it is necessary to use apparatuses specialized for aerial

photography that meet the following technical characteristics:

flight time - not less than 90 min;

the speed of the flight - 65-120 km/h;

the radius of the radio link - at least 6 km;

the maximum flight range - not less than 100 km;
the mass of the aircraft - not more than 4.5 kg;
the wing span of the aircraft - 1.6 m;

working altitude of the flight - 50-500 m;

the deployment time of the complex - 10 minutes;

Operating conditions (wind up to 15 m/s, ambient air temperature from -30°C to + 30 °C,

moderate rain and snow);

take-off - with the help of an elastic or mechanical catapult;
landing - on a parachute in automatic or semi-automatic mode;
platform for take-off and landing - 100x100 m;

flight modes - flight in automatic or semi-automatic mode.

The characteristics of a digital camera:

the total number of pixels of the matrix is not less than 10 million;
sensitivity (1ISO) Auto, 100-1600;
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focal length 28 mm;

exposure 30 - 1/4000 s;

type of memory card - SD;

image format - JPEG,;

USB 2.0 interfaces;

built-in image stabilizer.

The software must provide the planning of the flight (route), automatical calculation of the
length of the flight path, the time on the route, check the flight task for compliance with the
operating limitations of this device with the specified parameters:

object type - area or extended object;

specified speed of the vehicle;

required overlapping of pictures - shooting frequency;

altitude above ground level,

the angle of the aperture of the camera lens.

Conclusions and recommendations: in Belarus for the purposes of forest planning,
assessment of the state of the forest fund, the use of various modifications of unmanned aerial
vehicles is a promising direction. It is most advisable to apply these technologies for local
assessment of forest resources, damaged by natural phenomena, fires, forest diseases, windfalls,
blowdowns in an area of several dozen hectares or more. The forestry enterprises can use the
technology to monitor fire hazards. Based on the data obtained, it is possible to plan forest planning
activities, prepare a cartographic basis for making changes to forest planning projects. Also,
provided that the camera is equipped with a high-resolution camera, this technology may be of
interest for obtaining aerial photography for the purpose of basic forest planning.

The use of this technology assumes a positive economic effect due to the affordable cost of
the device, the ease of its management and maintenance, excluding the costs of conducting a ground
survey of the forest fund. At the initial stage of the use of aircraft, it is most economically profitable
and efficient to rent them or order services for surveying the territory.

3. Automatic decoding of aerial photographs is based on the "template matching method"
developed by Richard Pollock in Canada (Pollock, 1996). This method is based on the creation of
synthetic tree patterns, which are then analyzed taking into account possible viewing angles and
corresponding lighting at different positions in the picture. Further, the template trees are compared
with the potential trees in the image using the correlation method. By using the "method of
standards" the activities were carried out in the coniferous forests of Sweden, and it turned out that it
is possible to identify and position approximately two thirds of the trees in the picture. In the future,
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using the brightness of pixels of certain kinds on a digital photo (identified by the standard method),
it is possible to divide spruce, pine and deciduous trees in 90% of all detected trees.

Currently, the method of deciphering in forest planning using various software products is
quite widespread in a number of countries, including Russia.

The technology of stereoscopic forest taxation is proposed to be considered using the
example of the special program module Photomod Stereo Measure, especially since this method of
photogrammetry is also widespread in European countries.

At the first stage, an aerial or cosmic stereoscopic survey is performed, orthophotomaps are
created, tied to a cartographic basis.

At the second stage, a digital cartographic base is created on which stereoscopic contour,
analytical and measurement interpretation is performed using the Photomod Stereo Measure
module.

At the third stage, a geoinformation system (GIS) is formed - the introduction of electronic
taxation cards based on the already deciphered branches, the formation of a geo-information
database, the printing of forest maps, map-boards, orthophotos, taxation descriptions.

At the fourth stage, the volume indicators are calculated according to the types of forest
planning activities, forest exploitation, and a forest planning project is being developed on their
basis.

The technology of stereoscopic taxation is most interesting for the conditions of the Republic
of Belarus. With the use of this technology, it is advisable to carry out taxation in forests with a low
intensity of forest planning and forest exploitation located in hard-to-reach areas of the forest fund,
in bogs, in forests of specially protected natural areas, territories exposed to radioactive

contamination.
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Figure 9. The main stages of work with stereoscopic forest taxation
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To develop a method for deciphering the taxation characteristics of forest plantations using

modern materials for aerial and space stereoscopic surveys, it is necessary:

to analyze the information capabilities of the aerial and space images available in the
republic (digital, stereoscopic) for the purpose of obtaining the taxation characteristics of forest
plantations or to focus on the purchase of an imported survey;

choose the optimal software product for the purposes of stereoscopic interpretation of the
taxation characteristics of forest plantations that meets the following criteria:

- formation of stereopairs of digital images of remote sensing data;

- work with stereo images (analysis of materials of multispectral surveys using
special equipment);

- the ability to perform analysis of the features of forest decoding, including the
stereotyping of heights, tree crown sizes, gaps between them and other geometric and
morphological taxation and deciphering indices of trees and canopy);

- creation of vector layers when working in stereo mode (with the ability to import and
export to popular GIS formats);
- the possibility of line work;
to prepare the necessary legal and regulatory framework;
to develop a method for contour, analytical and measurement forest interpretation based on

digital aerial and space stereoscopic images in an automated (interactive) mode;
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to develop a practical manual for the taxificator-decryptor.

Conclusions and recommendations: the technology of automatic image decoding today is
one of the most promising directions for the development of modern forest planning and inventory
of forests in the world, including the conditions of the Republic of Belarus. Belarus, according to
Belgosles, despite full coverage of the forest fund with land-based survey methods, is also
considering the introduction of the decryption method into production - the decoding technology for
the Belarusian forest inventory is being developed as part of research work commissioned by the
Ministry of Forestry.

Modern ground scanning technologies allow obtaining sufficiently accurate high-quality
images that exceed the required resolution for forest inventory purposes. Accordingly, the cost of
such a survey is quite high. Therefore, in order to optimize the correlation of price - the required
accuracy of taxation, it is necessary to determine which pictures to use at the initial stage of the
scientific work being carried out. The results of studies conducted by Russian scientists show that
digital aerial photographs with a resolution of 30 cm, and especially with a resolution of 10 cm,
allow getting very detailed interpretation. In other words, from pictures with a resolution of 30 and
10 cm, it is possible to clearly discern forest plantations and tree species and to carry out
deciphering with a high degree of accuracy and reliability.

In the European Union countries, where field research was conducted on this issue and 30
and 10 cm photographs were also used, the cost of deciphering for 1 ha is comparable to the ground
field works, and due to the additional purchase of expensive decoding equipment at the initial stage
works often exceed them (one example of the research carried out in Croatia will be discussed in the
next section).

The economic efficiency of the deciphering method in Belarus should be ensured by an
optimal correlation between the required quality of the taxation and the costs of its implementation,
taking into account the purchase of an expensive forest planning basis. In our opinion, taking into
account the fact that in Belarus the area where economic activities are conducted are taxed by land-
based methods of taxation, and the cost of images occupies a rather high share in the total cost of
inventories by deciphering method, it is most expedient to use a survey with a resolution of 30 cm
and lower without significant loss quality.

4. Field-Map software package is a technology for collecting forest data in the field and for
processing data. The technology was developed in the Czech Republic, patented and is already
being used in 30 countries of the world to collect primary forest data for forest planning and forest
inventory. Field-Map combines a flexible real-time GIS program and electronic measuring

instruments for mapping and dendrometric measurements. With the help of wireless
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communication, the data from the measuring devices are fed into the electronic taxation card
(without special data entry) and accumulated in the database. The software package allows:

to carry out a full range of forest inventory work;

to analyze the stock and quality of the standing wood;

to collect and analyze data for the purpose of forest planning activities, forest exploitation

to perform mapping of forests and landscape elements.

Figure 10. Fiel ge
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The idea behind Field-Map for NFIs is a continuous development of the software product, which is flexible enough to cover all requirements of various NFI
methodologies. Such a solution is significantly more efficient than costly development and maintenance of a specific solution in individual countries.

Another very important aspect of Field-Map is the support of multiple field teams. The largest project is represented by the National Forest Inventory of Russian
Federation with nearly 300 field teams.

Practical information
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The advantage of Field-Map technology is that it allows to transfer measurement data from
electronic and laser measuring instruments directly to the database of the field computer and display
them on the screen in the GIS.

Databases and electronic maps created in the field are then easily transferred to the central
GIS without additional preparation and processing.

Field-Map technology is a flexible system that allows to easily change the structure of the
database: the user has the ability to select and assign parameters and indicators that will be
displayed on the map or recorded in the database. In this case, the types of measured indicators and
the structure of databases can be changed by the Field-Map user depending on the survey tasks, new
indicators for measurement can be added directly in the field (by selecting them from the list or
creating completely new types of indicators). It is important that to do this , the user does not need

to be a database specialist or a programmer - the creation of databases is based on the principle of
templates and step-by-step actions.
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Figure 11. Mapping by using the Field-Map software pack
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Special Field-Map functions allow to:

measure tree heights;

map projections and measure the shape of tree crowns;

calculate the surface area and the volume of the crown;

measure the diameters of tree trunks at any height and automatically calculate the volumes of
tree trunks;

automatically calculate line lengths, perimeters and polygon areas;

verify the reliability of the collected information and monitor the completeness of databases
during field work;

visualize measured objects in three-dimensional graphic space;

create digital terrain models, and also solve many other tasks related to the processing of
databases and GIS in the field.

To process the data received, you can use a special Field-Map application - DENDRO, you
can also export data from Field-Map (maps and databases) to other programs. Because Field-Map
uses ESRI format as a data format, data can be processed without problems by many GIS programs.

Conclusions and recommendations: today the software package considered is the most
progressive program for the implementation of a complex of forest planning and forestry activities,
which has spread in many developed countries of the world and is proposed for use in the conditions
of the Republic of Belarus. However, this does not mean that only this program should be used. In
accordance with the terms of reference, the Field-Map examines all the necessary components for
conducting surveys in the forest - from input of primary taxation data to an electronic taxation card
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prior to forest mapping. The application of such a program in the Belarusian forest planning will
significantly reduce the process of processing taxation cards, mapping of forests and developing a
forest planning project in the end. Due to the automation of these processes, the development of the
cartographic basis of the object of forest inventory can be completed already in the year of field
work. The number of table-top services that process data in the post-field period can be significantly
reduced, which will result in a significant positive economic effect and a reduction in the cost of
forest planning in general.

5. The ArcGIS software package is the most common software product that allows
processing of the received primary forest planning data (the family of geoinformation software
products of the American company ESRI, which is used for land cadastres, for the task of land
management, forest planning).

ArcGIS is a system for building GIS of any level and makes it easy to create data, maps and
models in desktop software products, then publish them and use them in desktop applications, in
web browsers and in the field, via mobile devices. For developers, ArcGIS provides all the tools
they need to create their own applications.

Figure 12. Mapping by using the Field-Map software
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The geodatabase is an ESRI model that defines the structure and rules for storing different
types of data - vector and raster, address points and many others.

The technology allows effectively storing heterogeneous data and ensuring their use. In the
geodatabase, users can define rules and relationships within the depository that define the behavior
of spatially interconnected geographic objects and object classes and ensure the integrity of the data.

The geodatabase allows editing both in multi-user mode and in stand-alone mode, with the

option of synchronizing versions.
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Exporting a geodatabase to XML format allows transferring the entire geodatabase or its
individual elements (for example, tables, domains, topology rules) into the format that is available
for other applications.

The program allows producing high-quality cartographic products with all the necessary
elements of border break, using transparency, own or ready-made standard symbols, hatches, graded
symbols, cartograms and diagrams. Automatic generation of network object diagrams,
representation of time-varying data, and the possibility of 3D visualization, extending the scope of
GIS applications, is available.

In ArcGIS, you can quickly create a realistic virtual 3D scene based on spatial data, both
locally and regionally, using digital terrain models, space and aerial photographs, any vector data
and photorealistic object models.

You can work with 3D objects in the same way as with standard GIS-layers - to make
sampling, to receive attributive information, to design scenes in accordance with the tasks assigned.

ArcPAD allows the on-line collection, offline editing of spatial data in the field using GPS
receivers, digital cameras and other devices. ArcPAD is integrated with ArcGIS desktop products
(ArcView, ArcEditor, Arcinfo), works on mobile devices under the control of Windows CE, Pocket
PC.

Conclusions and recommendations