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Abstract

Under conditions of aridization in humid zone of Russia and Belarus there is a practical need to restore part of previously drained marsh
landscapes for the ecological sustainability of the territory and the restoration of biotopes, improving fire safety and reducing greenhouse gas emissions.
Rational nature management in peat bogs should be based on a scientific approach, with an assessment of the dynamics of modern natural processes
in peat bog systems, both in their natural state and under anthropogenic impact. It is necessary to consider the totality of all wetland complexes used
for various purposes and unused. In order to carry out works on reclamation arrangement of bogs and their use in agricultural production, it is necessary
to develop rational methods for assessing the safety of peat soil and its durability. The article presents theoretical aspects of protection and rational use
of peat bogs based on their ecological restoration. The issue of restoration of depleted peat bogs and scientifically substantiated prospects for studying
peat bogs in national economic and ecological aspects in modern conditions are also considered. The rational use of peat bogs should be based
on the type of water supply of the bogs, determining the nature of the peat deposit, types and methods of nature conservation and reclamation
measures. The water regime is determined by the conditions of surface and groundwater runoff of watershed landscapes. In this regard, the direction
of their use in industrial, agricultural and nature conservation areas is determined.
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WCCNENOBAHUA U PEHOBALINA TOP®AHBIX BONOT LEHTPA POCCUKX U BENOPYCCKOI'O NONECHA

10. A. Maxanckui, I1. H. TeptmaH

Pedepar

B ycrioBusix apuamsaumM rymmgHOM 30HbI Poccun M bemapycs BO3HMKaeT npakTideckasi HEoOXOAMMOCTb BOCCTAHOBNIEHWS 4YacTW paHee
OCYLUEHHbIX BOMOTHBIX NaHAWadToB ANsi obecneyeHns KONMOTMYECKON YCTOMYMBOCTM TEPPUTOPUM W BOCCTAHOBNEHWS GUOTOMOB, MOBbILIEHMS
noxapHol 6e30MacHOCTU U CHIWKEHUS! BbIGPOCOB MAPHWKOBbLIX ra3oB. PauuoHanbHOe MPUPOAONONb30BaHWME HA TakUX TEPPUTOPUSX  LOMKHO
6asmpoBaThCs Ha Hay4YHOM MOAXOAE, KOTOPbIN CBS3aH C OLEHKON AMHAMMUKM COBPEMEHHBIX MPUPOAHBIX MPOLECCOB B TOPsiHBIX BONOTHBIX cUcCTEMaX
KaK B €CTECTBEHHOM COCTOAHWM, TaK 1 B YCNOBUAX aHTPOMOreHHoro BO$,E|,6I7ICTBVIFI. H806XOAMMO paccmaTpuBaTb COBOKYMHOCTb BCEX BOﬂHO-ﬁOJ‘IOTHbIX
KOMMIIEKCOB, WCMOMb3yEMbIX B PA3NMyHbIX LensX, a Takke Heucrnonb3yembix. [ns npoBeaeHuns pabot no menmopatuBHOMY 00ycTpoicTBy 6omnot
W BO3MOXHOMY naaneVlwemy MCMNOMb30BaHUO MX ANA PasnuyHbIX L;ene|7|, B TOM YUCNE B CENbCKOXO3ANCTBEHHOM npoun3BoAcCTBe, H006XO,D,VIMa
pa3paboTka pauuoHanbHbIX METOAOB OLEHKM COXPAHHOCTU TOPQISIHOM MOYBbLI U ee AOMrOBEYHOCTW. B cTaTbe M3NOXeHbl TEOPETUYECKNE acnekTbl
OXpaHbl W paLyMoHamnbHOro UCMoNb3oBaHus TopdsiHbIX GONOT Ha OCHOBE WX 3KOMOTMYECKoN peabunutaumu. PaccMoTpeHbl BOMPOCH! BOCCTaHOBMEHNS
BbIpaboTaHHbIX TOPsHLIX BONOT M HayyHO OBOCHOBaHHLIE MEPCMEKTUBLI U3YYeHUs N UCMOMb30BaHUS TOPSHBIX BONMOT B pasnuuHbIX CexkTopax
9KOHOMMKM, C Y4ETOM 3KOMOTMYECKUX AcreKTOB, B COBPEMEHHBIX YCIOBMSX, @ Takke C YY4ETOM BO3MOXHOI TpaHC(OpMaLMN TEPPUTOPUN B YCIIOBUSIX
U3MeHsIOLLErocs knumata. PaumoHanbHoe ucnonb3oBaHue TopdsHbIX BOMOT [OMKHO Y4MTbIBATb TUM BOGHOMO MUTaHWs GOMOT, OMpeaensioLiem
XapakTep TOPQsSHON 3anexw, Bugbl U MeTOAbl MPOBOAMMBIX MPUPOAOOXPAHHBIX W MENMOPATUBHBIX MEponpuATUIA. BoaHbi pexum onpepensertcs
YCNnoBMAMM NOBEPXHOCTHOIrO W rPYHTOBOrO CTOKa BOAOPa3AenbHbIX J'IaH,EI,UJa(*)TOB, B CBA3W C YeMm onpependeTcd HanpasneHue WX MCNorb30BaHUA
B NMPOMbILLUNEHHbIX, CeNbCKOX03SNCTBEHHbIX U NPUPOA0OXPaHHbIX Lienax.

KntoueBble cnoBa: TopdsiHble Bonora, menuopauua, paumMoHanbHoe UCnonb3oBaHne, NpUpoaooXpaHHbie MEPONPUATUA, BOCCTaHOBNEHWUE.

Introduction

Peat bogs are natural formations that play an important role in the
Earth's biosphere, preserving large reserves of fresh water and thereby
determining the hydrological regime of the territory.

In Belarus, the goals and directions of swamp rehabilitation are regu-
lated by such fundamental documents as the Strategy for the Conserva-
tion and Rational (Sustainable) Use of Peatlands [1] and the Scheme for
the Distribution of Peatlands by Target Designation for the Period up to
2030 [2]. According to these documents, by 2030 it is planned to restore
approximately 75,000 hectares of disturbed peatlands — depleted areas of
peat deposits, degraded lands with peat soils, and swamps that have not
been effectively drained by forest reclamation.

In the last 10 years with the support of international organizations
such as the UN Development Programme (UNDP), Belarus has been
restored to a water regime of 60,000 hectares of disturbed and inefficient-
ly drained swamps [3]. There are a number of approaches for the effec-

tive rehabilitation of such territories [4-8]. For example, Belarus is testing
methods for controlled winter burning of dry vegetation as well as sowing
of swamp plants. The ecological rehabilitation of disturbed upper marshes
is being successfully implemented through the construction of hydraulic
engineering structures (jumpers, dams, locks) in order to control the
groundwater level of drained peatlands.

To determine the most effective watering scheme (project) rationally
use mathematical (numerical) modeling of the flood processes of drained
wetlands during spring floods, which are the main sources of watershed
water supply (70-90 % of total discharge) [9, 10].

Purpose and methodology of the research

The purpose of the work is to provide scientific foundations for the
protection and rational use of natural resources of bogs. The methodolog-
ical basis is a systems approach, analysis, and synthesis of current requ-
latory documents [11-13], the authors' practices [14-18], and scientific
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research [19-20]. Today the main Belarussion ruls for rehabilitation of
disturbed peatlands are seted out in TKP 17.12-02-2008 "Procedure
and Rules for Conducting Work on the Environmental Rehabilitation of
Depleted Peat Deposits and Other Disturbed Bogs and the Prevention
of Disturbances to the Hydrological Regime of Natural Ecosystems Dur-
ing Reclamation Work" [13]. In accordance with the requirements of this
regulatory document, a scientific justification for the environmental reha-
bilitation of the site and an environmental impact assessment are initially
conducted, and only then are the necessary design and survey work
carried out. This workflow does not allow for a full assessment of the
feasibility, appropriateness, and results of the measures. On examples of
some projects developed for sites in Russia, the possibility and necessity
of using an integrated approach to planning the rehabilitation of depleted
peat deposits is demonstrated, based on surveys and modeling of the
existing and potential changes to the site's hydrological regime [14, 18].

Materials and methods

What is the difference between ecological restoration and traditional
recultivation or so-called "flooding" measures as fire prevention measures
or recultivation.

The main goal of ecological restoration is to restore the original eco-
system, which will be maintained by natural processes. Methods of eco-
logical restoration are not only the restoration of the ecosystem structure,
but also the main processes in ecosystems and ecosystem functions.
The result of the work at the initial stage is not the final ecosystem, but
the conditions for its formation later. Optimal ecological (abiotic and bio-
tic) parameters must be set, they can then lead to the target ecosystem
due to natural processes. In modern practice of nature management
in many countries, this direction is often called — "working with nature”
or "green engineering".

Table 1 - Methodology of ecological restoration of drained peat bogs

Methodology of ecological restoration of drained peat bogs is in the Table 1.

A natural ecosystem can be the object of recultivation in the Russian
Federation and in the Republic of Belarus, for example, for greenhouse
gas emissions. In this case, recultivation can be aimed at implementing
climate-efficient solutions. Traditionally, this is planting forests on dry
lands. In the case of drained bogs, afforestation leads to an increase
in greenhouse gas emissions. The only possible approach in the case
of peat bogs is the cultivation of crops on waterlogged lands or dual regu-
lation systems of the hydrological regime. For example, a voluntary car-
bon market, or an ecosystem services market, or part of a business's
social environmental or corporate responsibility program.

Like most projects, ecological restoration projects involve the steps
shown in the figure, which are also part of the adaptive management
cycle, since the results of the monitoring-based assessment may lead to
further project adjustments. The adaptive management cycle has not
been fully integrated into domestic nature management practices yet.
The main stages of ecological and reclamation restoration of swamps
recultivation project ends with an acceptance certificate, and at best,
specific recommendations are given for maintaining the site for several
years. Adaptive management does not exclude changes to the original
project based on the results of monitoring data analysis.

The main stages of ecological restoration of swamps are shown
in Figure 1.

Ecological restoration is based on comprehensive information about
the current situation in three areas at each stage: information about the
state of ecosystems — ecological and biotic parameters; information about
the socio-economic situation; information about the legal basis for the
implementation of the project.

The Table 2 provides an approximate list of information for each
of the three blocks that is required at each stage.

Ecological restoration

Recultivation, including
climate-efficient technologies

Fire prevention measures

cal processes or functions of a natural
bogs ecosystem

Purpose Restoration of the natural ecosystem Creation of an artificial ecosystem with | Creation of conditions for re-
specified economic and ecological | ducing fire risk andfor fire
characteristics? suppression infrastructure

Indicators Complex indicators/parameters of ecologi- | Structural and functional characteris- | Frequency of fires

tics of agricultural land, forest area or
water body

Maintaining the state
of the ecosystem

Mainly due to natural processes

Management during usage Continuous target manage-

ment

Costs of maintaining
sites

No regular costs, limited costs possible
when succession scenario changes, or for
monitoring if the site is part of a special
program that includes regular reporting?

The costs are mostly covered by the
price of the produced products

High annual costs

The use of natural materials, technical so-
lutions are based on modeling and fore-
casting of processes to achieve target indi-
cators of abiotic and biotic characteristics

Principles of tech-
nical solutions

Construction work on the cre-
ation of dual control systems,
fire reservoirs and roads, cre-
ation of an artificial ecosystem

Traditional methods of recultivation to
create conditions for the growth of for-
est or agricultural crops, including fish
farming, functioning of a water body

research on
the
implementa
tion of the
concept

baseline

concept of

assessment restoration

design of
measures

evaluation of
results and
adjustment
monitoring
results

implement
ation of
measures

Figure 1 — The main stages of ecological restoration of swamps
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Table 2 — Information for the stages of wetland restoration

Stages of work/result

Tasks and content of stages

Ecological block

Social and economic block

Legal block

Baseline
Study / Baseline
Study Report

Data on the state of abiotic and bi-
otic ecosystem characteristics of
the disturbed and background ar-
ea. Definition of target parameters
of the ecosystem

Additionally — data on the types of
disturbances and their impact on
the main characteristics

Estimation of ecosystem service
losses in the disturbed area com-
pared to the background one.
Therole of the site in the economy
and social life. The attitude of dif-
ferent groups to restoration

Information about the lands of the site.
Land category, owner, user, nature of the
relationship between the user and the own-
er, existing encumbrances and easements,
rules for the use of natural resources based
on the land category, encumbrances,
easements, conditions of the owner and
user

Concept (Project
Concept) or pre-
project solutions

Forecasting and modeling pro-
cesses to achieve ecosystem tar-
gets ldentifying structural parame-
ters that will facilitate these pro-
cesses

Forecasting the attitude of the
population to various scenarios,
the potential of the territory for the
socio-economic situation

Checking proposed solutions for compli-
ance with regulations and legislation

Engineering survey /
Survey report

Identification of conditions for
technical implementation of pre-
design solutions

Study of the possibility of involving
the population in the performance
of work as volunteer assistance,
prevention of counteraction, de-
velopment of measures to support
the conduct of research

Assistance in concluding contracts

Design (Development
of engineering de-

Alignment of models and technical
solutions. Step-by-step planning

Informing the public about design
solutions, public hearings together

Checking proposed solutions for compli-
ance with regulations and legislation. Assis-

tion/ Work execution
protocol and ac-
ceptance certificate

Record-keeping

plementation of the project — plant-
ing trees, etc.

sign)/project (Desing) | and budgeting of works. Writing a | with events to support design solu- | tance in concluding contracts
project based on the concept and | tions
research, including a description of
the monitoring scheme
Project implementa- | Supervision of implementation. | Involving the population in the im- | Supervision of compliance with standards.

Legal basis for further management of the
territory

Preparation of acceptance and/or transfer
acts

Monitoring the state
of ecosystems

Defining parameters for monitor-
ing, implementing a monitoring
scheme

Involvement of the population in
monitoring, publication of monitor-
ing data

Legal status of information, degree of
openness, authorship, legal possibility of
wide distribution

Evaluation of project

Evaluation of the progress of pro-

Evaluation of the population's atti-

Evaluation of the legality of the measures

results cesses and the degree of
achievement of target indicators,
identification of deviations from

processes

tude to the implemented project

and grounds for further work

Recommendations for
project adjustments

If necessary, set new intermediate
target parameters

Taking into account the opinions of
different population groups

Checking proposed solutions for compli-
ance with regulations and legislation

Theoretical research results

The work on the development of swamps has begun in the 50s of the
last century with the aim of using waterlogged lands in agriculture.
The following areas have been defined: drainage network parameters
have been developed; peat soil drainage modes have been studied;
a system of farming on drained peat soil has been developed; peat sedi-
mentation and depletion processes have been studied; the effect of bogs
drainage on the adjacent territory has been studied.

The reclamation condition of drained peat lands has significantly
worsened due to the lack of proper maintenance of the drainage network
and its repair. Work on the reconstruction of drainage systems has also
been completely stopped, which has led to the abandonment of previous-
ly used peat soil in agricultural production.

The rational use of peat bogs should be based on the type of water
supply of the bogs, determining the nature of the peat deposit, types and
methods of nature conservation and reclamation measures. The water
regime is determined by the conditions of surface and groundwater runoff
of watershed landscapes. In this regard, the direction of their use in in-
dustrial, agricultural and nature conservation areas is determined. It is
necessary to develop: recommendations for the formation and implemen-
tation of agroecological monitoring of reclaimed agricultural landscapes;
new technical and technological solutions aimed at rational measures to
preserve the fertility of residual peat soil; measures for the environmental
protection of peat bogs from the intensive production load of their use;
hydrological and agro-meliorative measures for the recultivation of ex-

hausted and depleted peat lands or the return of the bog ecosystem to its
original state (their restoration).

Restoration of exhausted and depleted bogs of the Meshcherskaya
lowland and Belarusian Polesie. Restoration of bogs is carried out in
stages. There are the following stages of restoration: initial situation
(bog after use of peat extraction or in agriculture); over-watering (resto-
ration of the hydrological regime — 10 years); renaturalization (restora-
tion of natural vegetation — 10-100 years) and regeneration (the process
of peat accumulation over 100 years).

The process of waterlogging is considered as the primary stage of
bogs restoration, which is characterized by an increase in the water level
almost at the surface for 3-5 years until it stabilizes.

The second stage (renaturalization) consists of the restoration of the
natural bog vegetation cover and is defined as a technically controlled
measure, after which the regeneration of the peat bog begins. In general,
bog regeneration is understood as a set of natural processes and artificial
technical measures that affect the renewal of bog formation and peat
accumulation processes.

It should be noted that the regenerated bog develops thanks to spe-
cial measures much faster than natural development.

The stage of over-wetting is the most critical moment in the restora-
tion of the bog, since the increase in the water level to the surface of the
developed peat will increase the level of groundwater in the adjacent
territories. In this regard, it is necessary to study the impact of bog flood-
ing on the ecology of the adjacent territories.
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Conclusion
It is necessary to conduct a patent search for technologies and tech-

nological solutions that can be used in modern conditions, a comprehen-
sive reconnaissance survey of all bogs, their quantity, area, efficiency of
use, types of bogs, water-physical and agrochemical properties of peat
and mineral adjacent soil, and also to evaluate the work of reclamation
systems.

Nature restoration work to return to the environment must be carried

out according to specially developed projects, taking into account the
recommendations and methodology outlined in this article. This will make
it possible to resume peat accumulation and habitat for the animal and
plant world of wetlands. This is shown by the existing experience in the
center of Russia and the Belarusian Polesie.
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