
Franziska Tanneberger & Wendelin Wichtmann (eds.)

Carbon credits from 
  peatland rewetting

Schweizerbart 
Science Publishers E

  Climate – biodiversity – land use

eschweizerbart_XXX

Sam
ple

 pa
ge

s



I

F. Tanneberger & W. Wichtmann (eds.)

Carbon credits from peatland rewetting

Belarus-Buch-en.indb   I 05.09.11   10:16

eschweizerbart_XXX

Sam
ple

 pa
ge

s



III

Franziska Tanneberger & Wendelin Wichtmann (eds.)

Carbon credits from 
peatland rewetting

Climate – biodiversity – land use

Science, policy, implementation and recommendations of 
a pilot project in Belarus

with 44 contributions (see list of contributors on page 217)

Schweizerbart Science Publishers • Stuttgart, 2011

Belarus-Buch-en.indb   III 05.09.11   10:16

eschweizerbart_XXX

Sam
ple

 pa
ge

s



Carbon credits from peatland rewetting

Climate – biodiversity – land use

Science, policy, implementation and recommendations of a pilot project in Belarus

Editors: Franziska Tanneberger & Wendelin Wichtmann
 Michael Succow Stiftung 
 Ellernholzstraße 1/3 
 17489 Greifswald
 Germany
 info@succow-stiftung.de

The project ‘Restoring peatlands and applying concepts for sustainable management in Belarus – climate change 
mitigation with economic and biodiversity benefi ts‘ is fi nanced by the Federal Republic of Germany through KfW 
Entwicklungsbank in the framework of the International Climate Initiative of the German Federal Ministry for the 
Environment, Nature Conservation and Nuclear Safety (BMU). It is co-ordinated by the Royal Society for the Pro-
tection of Birds, UK, in collaboration with APB – BirdLife Belarus and the Michael Succow Foundation, Germany. It 
is carried out with support of the United Nations Development Programme (UNDP) in Belarus and the Ministry of 
Natural Resources and Environmental Protection of the Republic of Belarus.

Disclaimer: The authors take full responsibility for the technical and scientifi c content in this publication, and opin-
ions expressed are attributed to the authors alone, and not to the institutions or personages supporting the publica-
tion.

ISBN 978-3-510-65271-6
Information on the English title: www.schweizerbart.com/9783510652716

This title is also available in Russian, information on the Russian title: 
www.schweizerbart.com/9783510652723

© 2011 E. Schweizerbart‘sche Verlagsbuchhandlung (Nägele u. Obermiller), Stuttgart, Germany

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in 
any form or by any means, electronic, mechanical photocopying, recording, or otherwise, without the prior written 
permission of E. Schweizerbart‘sche Verlagsbuchhandlung, Stuttgart.

Publisher: E. Schweizerbart’sche Verlagsbuchhandlung (Nägele u. Obermiller)
 Johannesstr. 3A, 70176 Stuttgart, Germany
 mail@schweizerbart.de
 www.schweizerbart.de

� Printed on permanent paper conforming to ISO 9706-1994

Cover: Photo by Annett Thiele

Layout: DTP + TEXT Eva Burri, Stuttgart
Printed in Germany by Gulde Druck, Tübingen

Belarus-Buch-en.indb   IV 05.09.11   10:16

eschweizerbart_XXX

Sam
ple

 pa
ge

s



   V

with Economic and Biodiversity Benefi ts’, and 
draws on the results of the UNDP/GEF funded 
project ‘Renaturalization and Sustainable Ma-
nagement of Peatlands in Belarus to Combat 
Land Degradation, Ensure Conservation of Glo-
bally Valuable Biodiversity and Mitigate Climate 
Change’, and the UNEP/GEF global programme 
on ‘Integrated Management of Peatlands for Bio-
diversity and Climate Change’. 

In addition to developing rewetting and ma-
nagement techniques and applying them on 
36,000 ha of drained peatland, these initiatives 
describe a new peatland standard for the global 
voluntary carbon market, which makes approp-
riate methodologies available for monitoring and 
assessing peatland emissions and biodiversity, 
working out the juridical technicalities for trading 
carbon credits from rewetted peatland, and con-
tributing to bringing peatlands on the agenda of 
the Kyoto Protocol.

The experiences gained will support similar 
initiatives, in Belarus, in the region, and beyond 
and furthermore help to strengthen the political 
agenda to effectively utilize the cost effective cli-
mate change mitigation options peatlands have 
to offer. 

Achim Steiner 
United Nations Under-Secretary-General 
Executive Director, UNEP 

Foreword by the United Nations Environment Programme 
Since the UN Climate Conference in Bali in 2007, 
the global community has become increasingly 
aware of the important role of peatlands in regula-
ting atmospheric greenhouse gas concentrations. 
Covering only 3% of the land surface, they store 
in their peat twice as much carbon as the total 
forest biomass of the world. The ‘time bomb’ cha-
racter of this concentrated below-ground stock is 
illustrated by the fact that drained and degraded 
peatlands (covering less than 0.5% of the land 
surface) are responsible for a disproportional 6% 
of the global anthropogenic CO2 emissions. 

The main source of peatland emissions 
is Southeast Asia, where recent and continu-
ing peat swamp conversion leads to enormous 
greenhouse gas emissions (GHG) from microbial 
peat oxidation and peat fi res. The second, less 
well-known hotspot is in temperate Europe. Here 
the majority of peatlands have been drained and 
converted decades ago and the GHG emissions 
continue to date. Within Europe, Belarus has a 
special position as a small country with a large 
peatland area and belongs to the world’s top 10 
with respect to peatland CO2 emissions, and even 
to the top three with respect to peatland emis-
sions per unit land area. It is therefore laudable 
that Belarus has been exploring the opportunity 
for mitigating and adapting to climate change by 
peatland rewetting. 

This best practice guidebook reports the di-
verse outcomes of the ‘Restoring Peatlands and 
applying Concepts for Sustainable Management 
in Belarus, a Climate Change Mitigation Project 
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VII

Foreword by the Minister of Natural Resources and 
Environmental Protection of the Republic of Belarus 

Belarusian mires are unique natural ecosystems 
having high value for biological diversity, climate 
regulation and man’s well-being. 

In the ‘National Strategy of Sustainable So-
cial and Economic Development of the Republic 
of Belarus up to 2020’ restoration of degraded 
lands and natural ecosystems is recognized as 
an important task for the country. In order to res-
tore natural and economic potential of damaged 
lands, the Strategy foresees implementation of a 
complex of re-cultivation activities. In the years 
2011–2020 it is expected that the area of restored 
lands will reach up to 15–17% of the total area of 
damaged lands. The Strategy also states that it 
is important to conserve untouched natural mire 
ecosystems through implementation of a complex 
of measures on rational utilization, restoration 
and protection of mires and peatlands, as well as 
implementation of international agreements sig-
ned by our country. 

Mires are the most important long-term de-
positories for carbon. The idea for fi nancing the 
restoration of mires and their management in or-
der to preserve biodiversity and climate protection 
through the sale of carbon credits was announced 
for the fi rst time at the 3rd International Conference 
of the Michael Otto Foundation held in June 2007 
in Minsk. 

Large-scale drainage in the middle of the 20th 
century resulted in the reduction or even comple-
te destruction of a whole range of representatives 
of mire fl ora and fauna. Restoration of depleted 
peat deposits facilitates recovery of habitats of 
mire fl ora and fauna. 

The Ministry of Natural Resources and Envi-
ronmental Protection of the Republic of Belarus 
evaluates highly implementation of the project 
‘Restoring Peatlands and Applying Concepts for 
Sustainable Management in Belarus – Climate 
Change Mitigation with Economic and Biodiversi-
ty Benefi ts’ aimed at the restoration of previously 
drained mires, their effective management with re-
gard to economics and biodiversity, and also the 
development of a scheme of sustainable fi nancing 
for rewetting projects within the possibilities and 
fi nancial mechanisms of the world carbon market. 

Signifi cant tasks of the project required the joint 
efforts of local participants, national ministries 
and institutions and international organisations, 
such as United Nations Development Programme 
(UNDP), Global Environmental Facility (GEF), the 
RSPB (Royal Society for the Protection of Birds 
(Great Britain)), Michael Succow Foundation 
(Germany), Kreditanstalt für Wiederaufbau (KfW) 
Entwicklungsbank (Germany), APB-BirdLife Bela-
rus. In many respects this cooperation was one 
of the key factors in successful project implemen-
tation and in the recognition of the importance of 
practical results achieved for the Republic of Bela-
rus as well as for the world community. 

Based on national and international experi-
ence the project made it possible: to test methods 
for rehabilitation of damaged mires and depleted 
peat deposits; to demonstrate the potential for 
management of degraded peatlands; to globally 
achieve valuable results. It also increased under-
standing of rewetting practices as an effective 
mechanism for sustainable management and uti-
lization of land resources by local land users and 
authorities at different levels. 

The practical experience, on rewetting of de-
pleted peatlands and rehabilitation of damaged 
mires, gained during the implementation of this 
international project is very valuable to Belarus. It 
could be used in the countries of Western Europe 
where the restoration of similar territories is also a 
real issue. Furthermore, restoration of the project 
sites allows evaluation of the practical role of peat-
lands for climate change mitigation and analysis 
of the possibilities for the utilization of greenhouse 
gas emission reductions within the Kyoto Protocol, 
which the Republic of Belarus joined in 2005, and 
further international climatic agreements. 

V. G. Tsalko
Minister of Natural Resources and Environmental 
Protection of the Republic of Belarus
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Foreword by the Michael Otto Foundation

of action was drawn up in close cooperation with 
the Belarusian Ministry of the Environment. The 
second conference in 2003 led to an international 
agreement on the protection of the Aquatic Warb-
ler in its natural habitat, while the third conference 
resulted in plans on rewetting up to 500,000 ha 
drained peatland – thereby preventing the release 
of damaging greenhouse gases. The conference 
outcome laid the foundation of the project ‘Resto-
ring peatlands and applying concepts for sustai-
nable management in Belarus’ and is outlined in 
this publication.

By trading the generated carbon credits on 
international markets, new income for water ma-
nagement and biodiversity conservation as well 
as local economic benefi ts are created and harm-
ful peat fi res are reduced. The project thus rests 
on a fi nancially sustainable basis, indicating that 
business, biodiversity and climate mitigation are 
no contradictory issues.

The Otto Foundation strongly believes that 
designing and implementing best practices like 
the project outlined here will motivate further ex-
emplary initiatives, ultimately leading to the fulfi l-
ment of the goal of preserving the environment for 
future generations. 

Johannes Merck
Chair of the Michael Otto Foundation for Environ-
mental Protection

The protection of our most valuable benefi t – bio-
diversity – is a complex issue. A healthy biodiver-
sity delivers ecosystem services that are indis-
pensable for human well being and is the basis of 
all economic activity. Notwithstanding the impor-
tance of ecosystems, nature protection is all too 
often leading to confl icts between environmenta-
lists and business interests. 

To arbitrate this diffi cult dialogue and thereby 
to protect and conserve the vital natural resource 
of water and its underlying ecosystems, Dr. Mi-
chael Otto founded the Michael Otto Foundation 
for Environmental Protection in 1993, an organi-
sation that comes from trade and industry while 
having a sense of responsibility for the environ-
ment. The foundation intends to help achieve a 
breakthrough for decisions which are right for the 
protection of nature, and which are balanced for 
trade and industry.

In doing so, the Otto Foundation also has a 
long record of cooperation in nature conservati-
on in Belarus. In 1995 we received the report of 
a Belarusian/German expedition to the Prypiac 
Floodplains and Lowland Mires. It contained an 
impressive description of the rich resources of 
nature, especially of the large number of Aquatic 
Warblers breeding there. But it also indicated that 
this unique natural environment was endangered. 
Widespread projects on land reclamation and 
peat cutting were threatening the most valuable 
riverine meadows, wetland meadows and riversi-
de moorlands of Europe. Rapid help was needed, 
since intact peatlands are of outmost importance 
as a carbon sink and as a habitat for various fl ag-
ship species such as the Aquatic Warbler.

The foundation thus supported three Interna-
tional Prypiac Conferences. In 1997 a joint plan 
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1 Introduction

Peatland rewetting; carbon emission reductions; 
establishment of a peatland carbon standard; de-
velopment of a methodology; facilitation of emis-
sion trading; habitat restoration; stimulating biodi-
versity; dialogue enforcement; capacity building; 
and promotion of paludiculture. Visions of a dec-
ade long programme? 

This publication presents all of the above, as 
an outcome of a three year project: ‘Restoring 
peatlands and applying concepts for sustainable 
management in Belarus – climate change miti-
gation with economic and biodiversity benefi ts’, 
conducted in the framework of the International 
Climate Initiative (ICI) of the German Federal 
Ministry for the Environment, Nature Conserva-
tion and Nuclear Safety (BMU).

For the project team, mires and peatlands 
are an extremely valuable habitat to work in. 
None of the team members ever had the com-
mon negative image of an inaccessible place 
full of myth, danger, and mosquitoes. In recent 
years, a positive impression of peatlands as fas-
cinating ecosystems has spread among a wider 
audience. The importance of their functions, in-
cluding groundwater recharge, cooling, storage 
of carbon, as habitat for a wide diversity of spe-
cies, as water reservoir (to name only a few) are 
now largely understood. Particularly the role of 
peatlands in the global carbon cycle has become 
apparent. Peatlands cover only about 3% of the 
world’s land surface, but store c. 550 Gt of carbon. 
Peatland drainage leads to fast mineralization of 
the carbon and nitrogen stocks in the peat, which 
transforms the peatland from a sink to a poten-
tially very strong carbon and nitrogen source. Re-
wetting of peatlands is a very promising option to 
combat climate change. 

In Europe, over the last centuries (culminat-
ing in the 1970s), the perceived mystical danger 
of peatlands was challenged. Peatlands were 
drained, and land was claimed for agriculture 
and forestry and for the extraction of peat as a 
heating material. As a consequence, the drained 
peatlands of temperate Europe (especially in 
Germany, Poland, Belarus, Ukraine, and Euro-
pean Russia) now constitute an important source 

of greenhouse gas emissions and are (after 
Southeast Asia) the second most important glo-
bal hotspot in this respect (chapter 3.2). Belarus, 
the country with the highest proportion of peat-
lands in Europe (almost 15% of the country’s land 
area), has a global responsibility for the protec-
tion of mires and for reducing peatland related 
emissions. At present, c. 1.5 million ha (7% of the 
country’s land area) have been drained for agri-
culture, forestry, and peat extraction (chapter 2.2).

The aim of the project was to demonstrate 
reduction of greenhouse gas emissions and en-
hancement of biodiversity values through the 
restoration and sustainable management of large 
areas of currently degraded peatland in Belarus 
and to develop a scheme for the sale of carbon 
credits to secure further peatland rewetting activi-
ties over the longer-term.

In 2008, the BMU-ICI project was developed 
by the initiative of the Michael Succow Founda-
tion (MSF), Germany, in partnership with the 
Royal Society for the Protection of Birds (RSPB), 
UK and with APB-BirdLife Belarus (‘Achova ptu-
sak Backauscyny’). Funding was granted by BMU 
through Kreditanstalt für Wiederaufbau (KfW) 
Ent wicklungsbank and the project received sup-
port from a number of partners and related insti-
tutions:
• United Nations Development Programme 

(UNDP) in Belarus; 
• The Ministry of Natural Resources and Envi-

ronmental Protection and the Ministry of For-
estry of the Republic of Belarus;

• Scientifi c organisations such as the University 
of Greifswald and the Leibniz-Centre for Agri-
cultural Landscape Research (ZALF) Münche-
berg (both Germany) and the National Acad-
emy of Sciences of Belarus;

• The German Centre for International Migration 
and Development (CIM);

• Companies such as TerraCarbon (USA) and 
Silvestrum (Netherlands), and Climate Focus 
(Netherlands).

This publication will not only pick up all the is-
sues mentioned above and present the results 
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2 1 Introduction

and lessons learnt of very ambitious project but 
it will also present state of the art knowledge on 
peatland rewetting and conservation. After an in-
troduction into peatlands in Belarus (chapter 2), 
the importance of peatlands with respect to cli-
mate and particularly greenhouse gas emissions 
is explained (chapter 3), followed by a chapter on 
biodiversity aspects (chapter 4). The driving forc-
es and funding options for peatland restoration 
are presented in chapter 5 and a particular focus 
is given to sustainable land use options (chap-
ter 6). The approach and outcomes of the BMU-
ICI project are presented in detail in chapter 7, 
enabling the reader to gain an insight into the 
project, its results and the lessons learnt. Chap-
ter 8 provides information on practical rewetting 
examples in Belarus, accompanied by detailed 

maps, site descriptions, and pictures of rewetting 
measures. At the end of the book, an outlook on 
recommended research and monitoring in rewet-
ted peatlands (chapter 9) is provided. 

The project partners are very grateful to have 
the opportunity to release this best practice guide-
book within the BMU-ICI project and to make it 
available to a wide audience, from stakeholders 
involved in peatland rewetting (engineers, scien-
tists, land owners etc.), to individuals and compa-
nies interested in carbon offsetting, and last but 
not least to universities and research institutions.

Viktar Fenchuk 
(chief executive of APB-BirdLife Belarus), 
Mike Clarke (chief executive of the RSPB) & 
Sebastian Schmidt (chief executive of the MSF)
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3

and hydrological network. Due to large variation in 
these factors, amount and types of peatlands are 
not equally distributed within Belarus. Five peat-
land districts and three peatland regions have 
been described (Fig. 1 Colour plates I; Pidopli-
chko 1961, Tanovitskiy 1980, Bambalov 2005).

2.1.2 Conditions of mire formation

Mire formation in Belarus has been closely re-
lated to the development of the climate through-
out the Holocene with peat formation intensifying 
when the climate became wetter. When climate 
conditions are favourable for paludifi cation and 
peat formation, other factors, above all relief and 
hydrogeological conditions, exert large infl uence. 
This infl uence is illustrated by the differences in 
mean peat thickness of 2.5 m in Viciebsk region 
in the north and only 1.4 m in Brest region in the 
south of Belarus. In Viciebsk region and the north 
of Minsk region, initial peat formation was related 
to overgrowth and terrestrialization of lakes, i.e. of 
deep basins (Tanovitskaya & Ratnikova 2010a), 
whereas the fl at or slightly undulating relief in Pal-
iessie favoured extensive peatland development 
by paludifi cation. Furthermore the Belarusian 
peatland zonation refl ects the geomorphologi-
cal and hydrogeological diversity of the country 
(Pidoplichko 1961, Bambalov & Dubovets 1990). 
The overall area of fens in Belarus is 2,103,800 ha 
(82% of all peatland area), that of transitional 
peatlands 106,200 ha (3%), and that of bogs 
333,700 ha (15%; Bambalov 2005).

2.1.3 Peatland districts and regions

Based on physical-geographical conditions of 
peat formation and geobotanical and geomor-
phological characteristics, Belarusian peatlands 
can be allocated to fi ve peatland districts (Fig. 1, 
Table 1; Pidoplichko 1961):
• District I is the northernmost and comprises 

bogs with thick peat layers (frequently accu-
mulated over lake sediments; cf. Fig. 2 Colour 
plates I) and fens with rather steep slopes. Ge-
omorphologically, this district is characterised 

2 Peatlands in Belarus

Belarus is one of Europe’s key peatland countries. 
Its mires used to cover about 15% of the country’s 
area. No other country holds such a high-quality 
collection of peatland types representative for 
temperate lowland Europe. Extent, distribution, 
and the impressive variety of peatlands in Belarus 
are explained in chapter 2.1. Here, also important 
defi nitions and concepts with regard to peat and 
peatlands are presented. Chapter 2.2 details the 
history of peatland investigation and drainage. 
The use of peatlands and peat in Belarus is de-
scribed in chapter 2.3. 

Peatland drainage leads to fast mineraliza-
tion of the carbon (C) and nitrogen (N) stocks in 
the peat, which transforms the peatland from a C 
and N sink to a potentially very strong C and N 
source. Since the beginning of the 1990s, socio-
economic changes and soil degradation have led 
to a declining use of drained peatlands in Central 
Europe. Thanks to the strong dedication of the 
Belarusian government and the successful pre-
paratory work of several European non-govern-
mental organisations, extensive peatland rewet-
ting projects have been carried out (chapter 2.4). 
The two largest being: a project with core funding 
by the United Nations Development Programme 
(UNDP) and the Global Environmental Facility 
(GEF), realised on 28,000 ha in 2006–2010; and 
the BMU-ICI project (see chapter 7).

2.1 Extent and types of mires and 
peatlands in Belarus

Nina Tanovitskaya

2.1.1 Extent and distribution of peatlands

Belarus (207,600 km2) is located in the geo-
graphic centre of Europe. Before drainage and 
peat extraction started, peatlands (see box 1) 
covered 2,939,000 ha which equals 14.2% of the 
total land area (Bambalov et al. 1992). Despite its 
small size, the country comprises a wide variety 
of peatland types depending on factors important 
for peat formation such as climate, bedrock, relief, 
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3 Peatlands and climate

Climate is the most important determinant of the 
distribution and character of peatlands. It deter-
mines the location and biodiversity of peatlands 
throughout the world. Past climate changes have 
led to expansion and contraction of peatland. The 
strong relationship between climate and peatland 
distribution suggests that future climate change 
(causing e.g. rising temperatures or changes in 
the amount, intensity, and seasonal distribution of 
rainfall) will exert a strong infl uence on peatlands.

Peatlands, in return, affect climate via a se-
ries of feedback mechanisms including the se-
questration and release of carbon dioxide and 
methane, changes in albedo and alteration of the 
micro- and mesoclimate. Peatlands are some of 
the most important carbon stores in the world and 
infl uence the global balance of three main green-
house gases (GHG) – carbon dioxide, methane, 
and nitrous oxide (CO2, CH4, and N2O).

This section introduces basic information on 
the relationship of peatlands and GHGs (chap-
ter 3.1) and presents key fi gures on the extent 
and distribution of global CO2 emissions from 
peatlands (chapter 3.2). It further establishes how 
GHG fl uxes in peatlands can be measured (chap-
ter 3.3). In rewetting projects aiming at generating 
‘carbon credits’, it is particularly important to as-
sess GHG emissions from peatlands over large, 
diverse areas and throughout a project period. 
Chapter 3.4 describes why and how vegetation 
can be used as a proxy for assessing GHG emis-
sions. Finally, chapter 3.5 offers guidance on how 
to predict vegetation development in peatlands in 
response to changes in water level after rewet-
ting.

3.1 Peatlands and greenhouse gases 

Jürgen Augustin, John Couwenberg & 
Merten Minke 

3.1.1 Relevant gases, source-sink function, 
and climate impact 

Numerous gaseous compounds are involved in 
the cycling of matter in peatlands:
• C-cycle: CO2 (carbon dioxide), CO (carbon 

monoxide), O2 (oxygen), CH4 (methane), non-
methane-hydrocarbons (NMHCs, like isoprene, 
terpene, alcohols, ethers and esters);

• N-cycle: N2O (nitrous oxide), N2 (nitrogen), NO 
and NO2 (nitric and nitrogen oxide), NH3 (am-
monia);

• S-cycle: inorganic sulphides like H2S (hydrogen 
sulphide) and COS (carbonyl sulphide), organ-
ic sulphides like (CH3)2S (dimethyl sulphide) or 
(CH3)2SO (DMSO or dimethyl sulphoxide), thi-
ols like CH3SH (methanethiol), disulphides like 
CS2 (carbon disulphide);

• P-cycle: PH3 (phosphine)

In addition, molecular hydrogen (H2) has been 
demonstrated to occur in the peat body (Shotyk 
1989, Chanton & Whiting 1995, Reddy & Delaune 
2008). 

In principle, the exchange of gases between 
a peatland and the atmosphere can occur in both 
directions. When gas fl ux into the peatland domi-
nates over a prolonged period of time, e.g. one 
year, the peatland is a sink. In the opposite case, 
the peatland is a source. Depending on whether 
the peatland or the atmosphere is chosen as ref-
erence, gas fl uxes are expressed using a plus 
or a minus sign. By convention, climate science 
takes the atmosphere as reference and express-
es fl ux ‘as the atmosphere sees it’. Gas fl uxes 
into the atmosphere are expressed as positive, 
gas fl uxes into the peatland as negative fl uxes (cf. 
chapter 3.3).

With the exception of nitrogen and oxygen, 
the two most important components of the Earth’s 
atmosphere (78% and 21% by volume, respec-
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14 3 Peatlands and climate

tively), all other gases involved in matter cycling in 
peatlands belong to the so-called trace gases. In 
ambient air the total fraction of trace gases rarely 
exceeds 0.04%. After entering the atmosphere, 
the majority of trace gases are immediately in-
volved in chemical conversion (e.g. CO, NMHC, 
NO, COS, DMSO) or taken up by plants or ab-
sorbed by the soil (e.g. NH3, NO) (Bliefert 1995). 
Only relatively inert trace gases with high transfer 
rates like CO2, CH4 and N2O are exchanged in 
notable volumes on a permanent basis between 
peat soils and the higher atmosphere (Fig. 20). 

CO2, CH4 and N2O are among the most im-
portant climate relevant trace gases (greenhouse 
gases, GHG) that affect the radiative forcing of the 
atmosphere and contribute to the ‘greenhouse ef-
fect’ (Table 3). Since the middle of the 18th cen-
tury, atmospheric concentrations of these trace 
gases have increased strongly. Until the present, 
atmospheric carbon dioxide (CO2) concentration 
has increased from 280 to 388 ppm, atmospheric 
methane (CH4) concentration from 715 to 1800 
ppb and nitrous oxide (N2O) from 270 to 323 ppb 
(IPCC 2007, NOAA 2010; cf. Table 3). This fast 
rise in atmospheric concentration caused absorp-
tion of heat radiated from the Earth surface and in 
all likelihood contributed signifi cantly to the 0.6°C 
increase of mean global temperatures (IPCC 

2007, Table 3). The increase in atmospheric con-
centration of GHGs is the main cause of anthro-
pogenic climate change. The contribution of CO2 
to the anthropogenic greenhouse effect is 63%, 
that of CH4 18%, and that of N2O 6%. The cli-
mate effect of the latter two gas species is mainly 
because of their much higher global warming 
potential (GWP) compared to CO2 (IPCC 2007; 
Table 3). 

To assure comparability over longer periods 
of time, the national inventory reports on green-
house gases to the United Nations Framework 
Convention on Climate Change (UNFCCC) use 
the GWP values published by IPCC in 1996 
(Houghton et al. 1996). These values depart 
slightly from the more recent values listed in Ta-
ble 3, which are used here to convert fl ux values 
of CH4 and N2O to CO2 equivalents in order to 
calculate the total GWP of a peatland site (see 
chapter 3.3 and 3.4). If the total GWP is negative, 
the peatland acts as a sink that has a ‘cooling ef-
fect’ on the climate. If the total GWP is positive, 
the peatland acts as a source that has a ‘warm-
ing effect’. The GWP of trace gases changes with 
time. This change makes it essential that a fi xed 
reference period is chosen to compare the cli-
mate effect of different gas species. As a rule, the 
choice of international conventions like the Kyoto 

Fig: 20: Simplifi ed carbon cycling between the atmosphere and a peatland with an oxic upper part and an anoxic 
layer beneath. Encircled symbols represent gases and dashed arrows show microbial processes. GPP is gross pri-
mary production; DOC is dissolved organic carbon leaching out from both the oxic and anoxic layers of the peatland 
via the groundwater (After Rydin & Jeglum 2006 and Parish et al. 2008).
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3.2 The global peatland CO2 picture 29

land and emissions are no longer accounted for 
(Barthelmes et al. 2009). Without rewetting, drain-
age related emissions will remain as high as 
when these lands were still used as cropland or 
grazing land, however.

Box 3

Where is Belarus?

Hans Joosten

Belarus is one of the more important peatland 
countries in the world (see also chapter 2.1). 
With a total peatland area of 22,352 km2 Be-
larus ranks 15th among all countries of the 
world, with respect to peatland proportion 

(% of the country) it ranks 20th and with re-
spect to actual carbon stock 21st. Much higher 
is the score of Belarus with respect to peatland 
emissions; with 41 Mt CO2 year-1 Belarus is the 
8th most important country in the world (see 
Table 5a, Fig. 26 Colour plates II). In terms 
of total emissions per unit land area, Belarus 
ends up third after Indonesia and Estonia with 
1.99 t ha-1 (Table 5b, Fig. 27 Colour plates II). 

Table 5a: The countries/areas with the largest total 
emissions from degrading peatland in 2008. Emissions 
from fi re and extracted peat are excluded.

Country/area Emissions from degrading 
peatland in 2008 
(Mt CO2 year-1)

Indonesia 500

European Union 174

Russia – European part 139

China 77

USA (lower 48) 67

Finland 50

Malaysia 48

Mongolia 45

Belarus 41

Germany 32

Poland 24

Russia – Asian part 22

Uganda 20

Papua New Guinea 20

Iceland 18

Sweden 15

Brazil 12

United Kingdom 10

Estonia 10

Ireland 8

Lithuania 6

Netherlands 6

Norway 6

Vietnam 5

Ukraine 5

Zambia 5

Japan 5

Canada 5

Latvia 4

Table 5b: Countries (with a land area > 1,000 km2 and 
peatland CO2 emissions >1 Mt) with the largest emis-
sions from degrading peatland per unit national land 
area in 2008. Emissions from fi re and extracted peat 
are excluded.

Country/area Peatland 
CO2 emissions 
in 2008 (t ha-1)

Indonesia 2.63

Estonia 2.11

Belarus 1.99

Iceland 1.70

Finland 1.48

Malaysia 1.46

Netherlands 1.39

Ireland 1.17

Brunei 1.09

Lithuania 0.93

Germany 0.90

Uganda 0.83

Poland 0.75

Latvia 0.66

Denmark 0.64

Papua New Guinea 0.43

Russia – European part 0.40

United Kingdom 0.39

Sweden 0.32

Mongolia 0.29
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30 3 Peatlands and climate

3.2.4 Conclusions

Total CO2 emissions from the worldwide 
500,000 km2 of degraded peatland amount to 2 
Gt. Even when taking into account that only part 
of this area is available for rewetting and that a 
part of the CO2 emissions reduction may be an-
nihilated by increased CH4 emissions, peatland 
rewetting may globally reduce greenhouse gas 
emissions with several hundred Mt CO2-eq. year-1. 
The inventory highlights that the perspectives of 
better peatland management for climate change 
mitigation are global and not limited to a few se-
lected countries. Large reduction opportunities ex-
ist for both Annex 1 (developed) and non-Annex 1 
(developing) countries. The countries that require 
priority action (emissions hotspots) are presented 
in Table 5a (Fig. 26 Colour plates II; with respect to 
total peatland CO2 emissions) and Table 5b (Fig. 
27 Colour plates II; with respect to peatland CO2 
emission density). 

3.3 Measuring GHG emissions from 
peatlands 

Merten Minke, Hanna Chuvashova, 
Andrei Burlo, Tatsiana Yarmashuk & 
Jürgen Augustin

3.3.1 Introduction

Measuring the full GHG balance of peatlands 
requires techniques that allow for accurate and 
continuous monitoring of the net exchange of all 
relevant trace gases (carbon dioxide CO2, meth-
ane CH4, and nitrous oxide N2O) over prolonged 
periods of time. To assess daily, seasonal and 
interannual variability observations over multiple 
years are necessary. Covering the net exchange 
of CO2 is challenging, considering the net CO2 
exchange between ecosystem and atmosphere 
is the result of two opposite fl uxes: CO2 uptake 
by plants during photosynthesis and CO2 release 
by respiration of plants, microbes, and animals 
(Chapin III et al. 2002, cf. chapter 3.1). Measure-
ment techniques need to work under different 
weather conditions to provide a high temporal and 
spatial resolution and because of the remoteness 
of most peatlands, they need to be largely inde-
pendent from power sources (Drösler et al. 2008). 
The most appropriate and widely used techniques 
are closed chambers and the ground based eddy 
covariance method (Byrne et al. 2004). 

In the closed chamber approach gas ex-
change is calculated as a function of concentra-
tion changes over time in an enclosed air volume. 
Closed chambers cover a small area of soil (typi-
cally less than 1 m2) and allow for assessing the 
spatial variability of GHG sources or for the study 
of different site types in parallel. The temporal 
resolution of closed chamber measurements is 
limited, however, particularly in case of manually 
operated chambers. The eddy covariance meth-
od is a direct micrometeorological technique that 
quantifi es trace gas exchange rates by measuring 
fl uxes within the lower atmospheric boundary lay-
er; air is sampled as it fl ows past a sampling point 
determining its vertical wind speed and direction 
and its gas concentration (Lenschow 1995, Mon-
crieff et al. 1997). The eddy covariance method 
allows for continuous measurements but provides 
only a low spatial resolution as the different small 
scale sources are integrated over a larger area.

3.3.2 The closed chamber technique

Closed chambers are placed airtight on the soil 
and restrict the volume of air available for gas 
exchange (Fig. 28 Colour plates II). Across the 
covered surface any net emission or uptake of 
the enclosed gases (the headspace) can be 
measured as a concentration change (Living-
ston & Hutchinson 1995). Fluxes of N2O and CH4 
are usually measured with opaque, static closed 
chambers (Rochette & Eriksen-Hamel 2008). In 
static closed chambers a series of air samples 
from the headspace is taken with syringes or 
evacuated gas-tight fl asks and their gas concen-
tration is measured later in the laboratory using a 
gas chromatograph. Gas fl uxes are derived from 
concentration changes in this series of samples. 
Sample series are taken during short enclosure 
times (typically 15 to 60 minutes) and repeated 
every two to three weeks, sometimes more of-
ten. In between measurements the chambers are 
removed from their permanent collars which are 
placed airtight on the soil. 

Natural gas dispersion in response to tem-
perature gradients or pressure fl uctuations within 
the headspace of the chamber is mostly suffi cient 
to ensure uniform headspace mixing (Livingston 
et al. 2006). No signifi cant difference between 
measured fl uxes was found when a fan was oper-
ated or not, both for N2O (Matthias et al. 1980) 
and CH4 (M. Drösler pers. comm.). A test of static 
chambers against a reference CH4 fl ux (Pihla-
tie et al. in prep.) produced mixed results: static 
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38 3 Peatlands and climate

Box 6

The ‘vegetation form’ concept

John Couwenberg

The ‘vegetation form’ concept is a classifi cation 
approach that integrates fl oristic and environ-
mental parameters. It departs from the obser-
vation that in an environmental gradient (e.g. 
from dry to wet) some plant species occur to-
gether, whereas others exclude each other (see 
Fig. 34). The combined occurrence of specifi c 
species groups, as well as their mutual exclu-
sion, provides a much sharper indication of site 
parameters than individual plant species (e.g. 
the well known Ellenberg indicator values). The 
amplitudes of various species groups allow the 
differentiation of factor classes (see Table 8).

Vegetation forms are named by the combina-
tion of names of characteristic plant species 
and a term referring to physiognomy and/
or type of land use (e.g. Caltha-Filipendula-
forbs). They can be rapidly identifi ed in the fi eld 
by checking the presence and/or absence of 
species groups.

 

 

 
 1

1 2 
2 

3 4 5 
1 2

site factor gradient

species groups

site factor classes
subunits

Fig. 34: Co-occurrence of species groups along a 
site factor gradient (modifi ed after Koska et al. 2001). 

Table 8: Major peatland site factor classes used in the vegetation form approach (modifi ed after Koska et al. 
2001). WLw: long-term median water level wet season; WLd: long term median water level dry season; WD: 
water supply defi ciency; C/N: carbon/nitrogen-ratio in the topsoil measured with Kjeldahl; pHkts: pH of topsoil 
measured in KCl-solution.

Factor and description Classes Characteristics

Water level/supply

water supply: 
+: wetlands and aquatic 
habitats
-: non-hydric terrestrial 
habitats 

7+ upper sublitoral WLw/WLd: +250 to +140 cm 

6+ lower eulitoral WLw: +150 to +10 cm; WLd: +140 to +0 cm

5+ wet (upper eulitoral) WLw: +10 to -5 cm; WLd: +0 to -10 cm

4+ very moist WLw: -5 to -15 cm; WLd: -10 to -20 cm

3+ moist WLw: -15 to -35 cm; WLd: -20 to -45 cm

2+ moderately moist WLw: -35 to -70 cm; WLd: -45 to -85 cm

2- moderately dry WD: <60 l/m²

3- dry WD: 60–100 l/m²

4- very dry WD: 100–140 l/m²

5- extremely dry WD: >140 l/m²

Seasonally alternating wetness is indicated by a combination of different water level classes, e.g. 5+/4+ refers to a 
WLw within 5+ range and a WLd within 4+ range. Strongly alternating wetness is indicated by a tilde-sign, e.g. 3~ 
refers to a WLw within 4+ range and a WLd within 2+ range.

Nutrient availability 

availability of main nutrients 
(especially N, P, K, resp. the 
limiting element), crucial for 
bioproductivity
Used proxy: soil C/N relation

o-vp oligotrophic – very poor C/N >40

o-p oligotrophic – poor C/N 33–40

m-lm mesotrophic – rather poor C/N 26–33

m-hm mesotrophic – medium C/N 20–26

e-mr eutrophic – moderately rich C/N 13–20

e-r eutrophic – rich C/N 10–13

p-vr polytrophic – very rich C/N <10

Base richness (pH)
Used proxy: pHKCl of soil

ac acid pHkts <4.8

sub subneutral pHkts 4.8–6.4

alk alkaline pHkts >6.4
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3.4 Vegetation as a proxy for greenhouse gas fl uxes – the GEST approach  39

Table 9: Vegetation types in Astrauskoje and Vyhanascanskaje with associated fl ux measurements and their stan-
dard deviations and best estimates of global warming potential (GWP) (from Couwenberg et al. 2011).

Vegetation 
type

CO2 emissions
(CO2-eq. ha-1 yr-1)

CH4 emissions
(CO2-eq. ha-1 yr-1)

GWP esti-
mate

(CO2-eq. 
ha-1 yr-1)

Remarks

Astrauskoje

Bare peat 7.0 (±2.6) for active 
extraction sites (n 
= 12) / 7.4 (±0.9) 
for abandoned 
extraction sites (n = 
3); Maljanen et al. 
(2010)

0.4 (±0.6) for 
active extraction 
sites (n = 13) / 
0.06 (±0.0) for 
abandoned extrac-
tion sites (n = 2); 
Maljanen et al. 
(2010)

7.5  

Calluna as ‘moist bog heath’ 12.5 Drier than ‘bare peat’

Eriophorum 3.3 (±2.1) (n = 8); 
Tuittila et al. (1999), 
Maljanen et al. 
(2010)

0.3 (±0.1) (n = 
8); Tuittila et al. 
(2000), Maljanen 
et al. (2010)

3.5 Litter accumulation of Eriophorum vaginatum 
counteracts carbon losses from degrading peat

Polytrichum as ‘bare peat’ 7.5 Mosses lack roots (cf. [very] moist bog heath)

Dry grassland as ‘moderately moist forb meadows’ 20 Direct measurements from dry bogs are lack-
ing, but water level fl uctuations are expected 
to be similar to those in moderately moist forb 
meadows

Moist bog heath 12.6 (±4.0) (n = 3); 
Drösler (2005)

negligible; Drösler 
(2005)

12.5 With the same water levels emissions are 
higher than from bare peat because plant roots 
change the water regime, improve aeration 
and add labile organic compounds in the form 
of recently dead roots and root exudates that 
stimulate the decomposition of the more recal-
citrant peat (Kuzyakov 2006).

Very moist bog 
heath

9; Drösler (2005) 0.7; Drösler (2005) 10

Moderately 
wet Sphagnum 
hummocks

neglected 0.7 (±0.2) (n = 4); 
Bortoluzzi et al. 
(2006)

0.5 CH4 emissions increase with higher water 
levels. CH4 emissions from wet bog sites in 
boreal regions are much lower than the values 
cited here (Couwenberg 2009b). Shannon 
& White (1994) found similar CH4 fl uxes at 
comparable sites in temperate South-Michigan 
bogs. Whereas net emissions of CO2 have 
been reported from rewetted bog sites (Drösler 
2005), published measurements generally 
show uptake of CO2 (Tuittila et al. 1999, 2004, 
Bortoluzzi et al. 2006, Maljanen et al. 2010). 
Carbon sequestration is overestimated when 
water-borne carbon losses are not taken into 
account (Roulet et al. 2007, Nilsson et al. 
2008). Water borne carbon export is generally 
larger before rewetting (Holden et al. 2004) and 
this fl ux can thus conservatively be neglected. 
As a strictly conservative approach potential 
carbon sequestration is discarded and zero 
CO2 flux is assumed for rewetted sites.

Wet Sphagnum 
lawn

neglected 5.2 (±3.2) (n = 5); 
Drösler (2005)

5

Very wet 
Sphagnum 
hollows

neglected 12.8; Drösler 
(2005)

12.5
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Colour plates, Part II 53

Fig. 19: Regulator pipe for active regulation of the water level at Barcianicha peatland (photo: Olga Chabrouskaya).

Fig. 28: Closed chamber measurements in Raznianskaje balota. In the foreground: measuring net ecosystem CO2 
exchange with transparent dynamic closed chambers that allow for photosynthesis of the enclosed vegetation to 
continue. Note the blue cooling packs and the air fans. A sensor for measuring photosynthetic active radiation is 
mounted on a pole nearby. In the background: measuring CH4 and N2O exchange with opaque static closed cham-
bers. Note the glass fl asks used for taking air samples from the chamber atmosphere (photo: Merten Minke).
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4 Peatlands and biodiversity 

are still in near-natural condition (Kozulin & Tano-
vitskaya 2010). This large area of not, or slightly, 
disturbed wetlands is home to a variety of habi-
tats and species that have a high European con-
servation status. 

This chapter details the importance of peat-
lands for birds in Belarus, provides background 
information on the national Aquatic Warbler 
breeding population and describes the avifauna 
of two near-natural sites – Zvaniec zakaznik and 
Biarezinski zapaviednik.

4.1.2 Birds

In order to identify sites of key importance for bird 
conservation, APB-BirdLife Belarus has been im-
plementing a programme of designation of Impor-
tant Bird Areas (IBAs), as part of the international 
IBA programme initiated by BirdLife International. 
In early 2011, there were 49 IBAs in Belarus. 
These are located mostly in the northern Poozerie 
and southern Paliessie regions of Belarus, which 
are characterised by substantial areas of bogs 
and fens, respectively. Of the 49 IBAs, 84% are 
wetlands and include natural or slightly disturbed 
peatlands. The majority of peatland IBAs have 
been designated according to criterion A, i.e. they 
are of global importance. 

Five bird species globally recognized as ‘vul-
nerable’ (VU) according to the IUCN Red List 
occur in Belarus. Two are breeding birds – the 
Aquatic Warbler Acrocephalus paludicola (see 
box 8 and Fig. 44 Colour plates II) and the Great-
er Spotted Eagle Aquila clanga (Fig. 45 Colour 
plates II) – and peatland specialists. The Aquatic 
Warbler is an indicator species of open fen mires 
and the Greater Spotted Eagle is confi ned almost 
exclusively to large undisturbed mire and forest 
complexes. Recent research shows a sharp de-
cline of Greater Spotted Eagle at sites, affected 
by drainage (Dombrovsky 2010).

Another ten species are classifi ed as ‘near 
threatened (NT)’, including fi ve breeding species, 
such as peatland specialists Great Snipe Gall-
inago media, Black-tailed Godwit Limosa limosa, 
and Eurasian Curlew Numenius arquata.

Peatlands exhibit highly characteristic ecological 
traits and are unique, complex ecosystems. They 
are of global importance for biodiversity conser-
vation at genetic, species, and ecosystem levels.

This section introduces biodiversity values of 
Belarusian peatlands, including those of famous 
protected areas such as Zvaniec and Biarezin-
ski zapaviednik and the ‘national bird species’ 
the Aquatic Warbler Acrocephalus paludicola, a 
species characteristic for fen mires (chapter 4.1). 
Chapter 4.2 further establishes the relationship 
between peatland condition and biodiversity val-
ues, discusses restoration of Aquatic Warbler 
habitats, and presents data from peatlands rewet-
ted after the Chernobyl accident as well as in a re-
cent rewetting project in Belarus. Considerations 
for the selection of target and indicator species 
are provided in chapter 4.3. The long-term man-
agement of rewetted sites is described in chap-
ter 4.4, which is accompanied by a case study in 
Belarus.

4.1 Biodiversity values of Belarusian 
peatlands 

Viktar Fenchuk & Norbert Schäffer

4.1.1 Introduction

Peatlands are of key importance for biodiversity 
and comprise a wide spectrum of rare, threat-
ened and endangered habitats, plants, and ani-
mals (see also chapter 4.2). Due to the narrow 
range of environmental conditions, many spe-
cies are peatland specialists and therefore have 
restricted distribution. The avifauna of bogs and 
fens, for example, has a high conservation value 
at the European level and is especially sensitive 
to changing environmental conditions (Anderson 
et al. 2010). 

Although more than half of all Belarusian 
peatlands have been drained during the large-
scale drainage campaigns in the middle of the 
20th century, and a substantial part has suffered 
from adjacent drainage, more than 800,000 ha 
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66 4 Peatlands and biodiversity

Box 9

How Belarusians value the biodiversity of 
their peatlands – a case study 

Sviataslau Valasiuk, Marek Giergiczny &
Tomasz Zylicz

Unfavourable habitat changes triggered by 
massive drainage and almost complete ces-
sation of traditional low intensity use of fen 
mires, grazing and hay making, have occurred 
at Zvaniec (see main text) during the last dec-
ades. This has negatively affected both the 
Belarusian and the world populations of the 
globally threatened Aquatic Warbler (see box 
8). A biomass management programme could 
prevent or mitigate these undesirable conse-
quences.

A biodiversity valuation study was conduct-
ed to estimate the willingness of Belarusians 
to pay for a complex conservation programme. 
300 ordinary Belarusians (from Minsk, Brest, 

Hrodna, and Viciebsk, district towns and in rural 
areas) were proposed to participate in a choice 
experiment (CE) study in order to declare their 
preferences for different site conservation pro-
grammes. These programmes varied in their 
costs and the degree to which they meet the 
habitat requirements of the Aquatic Warbler 
and wider conservation needs (Table 19). 

Each respondent was asked to rank their 
choices from most to least favoured. The re-
sults suggested that Belarusians are not only 
willing to pay for the protection of Zvaniec, but 
that they prefer scything (the best management 
for habitat conservation) over other cheaper 
management options. Furthermore, these re-
sults agree with other studies from Central and 
Eastern Europe that indicate that active con-
servation is an economically effi cient spatial 
management option, where total benefi ts (in-
cluding ‘willingness to pay’) exceed total project 
costs within a wide range of costs levels (for 
instance, see Markowska & Zylicz 1999).

Table 19: Attributes and levels used in the choice experiment. BAU: Business-As-Usual.

Attribute Description Levels

Method of removing 
shrubs

Four different methods contemplated by reserve 
management team and biologists were accounted 
for. Respondents were informed about pros and 
cons of each technique. BAU*= none

1) Manual (hand scything)
2) Mechanical mowing by site-adapted 
machinery (e.g. ‘ratrac’)
3) Controlled burning in winter
4) Using herbicides

Area Annual area over which the shrubs would be 
removed (ha/year). BAU = 0

1) 1,000
2) 2,000

3) 3,000
4) 4,000

Reserve Enlarging protection level of the reserve from the 
current 10,000 ha. BAU = 0

1) 0
2) +2,000 ha

3) +4,000 ha
4) +6,000 ha

Cost Annual cost per person (2010 prices). BAU = 0 1) 30,000 BYR
2) 70,000 BYR

3) 110,000 BYR
4) 150,000 BYR

 Table 18: Number of birds per km2 of selected bird species in different peatland types in Biarezinski zapaviednik 
(from Byshnew et al. 1996).

Species Birds/km2 Biotope type

English name Scientifi c name

Mallard Anas platyrhynchos 1.8–2.6 open fens

Teal Anas crecca 2.5 open bogs and transitional mires, pine forests

Black Grouse Tetrao tetrix 2–4 open bogs

Black Grouse Tetrao tetrix 2–8 marshy pine forests
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5 Driving forces and funding options

framework for voluntary carbon projects in Bela-
rus is explained in chapter 5.5.

5.1 Legal obligations for the 
restoration of degraded 
peatlands in Belarus 

Nina Tanovitskaya

5.1.1 Legal sources

In Belarus, landowners are legally bound to recul-
tivate depleted and other degraded peatlands, i.e. 
to transform them into a condition suitable for af-
ter use in line with conditions agreed upon when 
the land was granted. The legal basis is given by: 
• The Act ‘On environmental protection’ of 26th 

November 1992; 
• The ‘Regulations on the recultivation of land, 

degraded as a result of the extraction of min-
erals and peat, of geological, construction and 
other works’ (1997);

• Two state standards (GOST 17.5.1.02 and 
17.5.3.04); and 

• Presidential Decree No 667 ‘On distraint and 
granting of land’ of 27 December 2007; 

• A technical code ‘Rules and order of determi-
nation and change of the designation of land 
use of depleted and other types of degraded 
peatlands’ (TKP 17.12-01-2008).

5.1.2 Types of recultivation

Until 1997 three types of land use after  peat  ex-
traction were permitted in Belarus: agriculture, 
forestry, and as water body. The ‘Regulations on 
the recultivation of land, degraded as a result of 
the extraction of minerals and peat, of geological, 
construction and other works’ (1997) increased 
this number to seven approved types of after-use 
for all landowners, land users (including tenants) 
and other entities engaged in the surfi cial and 
subsurface extraction of minerals and peat, any 
construction works (e.g. industry, railway, other 
transport, energy, water management), and any 

A wide range of drivers and funding options ex-
ists for rewetting degraded peatlands in Belarus 
and elsewhere. Legally, peat extraction compa-
nies in Belarus are currently obliged to restore 
peatlands after peat extraction has fi nished (see 
chapter 5.1). For various reasons, however, these 
restoration measures are usually insuffi cient.

Recently, the acknowledgement of peatlands 
in international conventions has grown substan-
tially. The long road to sensitizing global conven-
tions for climate change mitigation by peatlands 
is presented in chapter 5.2. Already in periods 
when peatland rewetting was still largely fame-
less, rewetting measures were implemented 
with funding from governmental and non-gov-
ernmental grants. Examples from Belarus – e.g. 
the large rewetting project of the United Nations 
Development Programme (UNDP) and the Be-
larusian Ministry of Forestry mainly funded by 
the Global Environment Facility (GEF) – are pre-
sented in chapter 2.4. Along with the increasing 
recognition of peatlands in international conven-
tions, opportunities for project-based funding of 
rewetting projects have improved. It also opened 
the way to ‘carbon funding’: Selling the emission 
reduction from rewetting peatlands (see chap-
ter 3.4 for an emission monitoring tool) either on 
the voluntary carbon market (chapter 5.3) or on 
the compliance market (chapter 5.4) may yield 
revenues that can be used for managing rewet-
ted peatlands (to enhance climate and biodiver-
sity benefi ts) and/or for further peatland rewet-
ting. 

The legal framework for such carbon projects 
may differ substantially between countries. Bela-
rus is listed under Annex I to the United Nations 
Framework Convention on Climate Change (UN-
FCCC) but was not listed under Annex B to the 
Kyoto Protocol when it was originally negotiated 
in 1997. Belarus was added to Annex B in 2006, 
but for this amendment to take effect three quar-
ters of the Parties to the Kyoto Protocol have to 
ratify it. This has not happened yet. Selling emis-
sion reductions from peatland rewetting in Bela-
rus is therefore – for the time being – only pos-
sible on the voluntary carbon market. The legal 
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5.3 Selling peatland rewetting on the voluntary carbon market 95

(i.e., ‘exchanges’). Whereas the exchange market 
has been signifi cant in past years, it collapsed 
with the Chicago Climate Exchange (CCX) in 
2010 (Linacre et al. 2011).

Corporate social responsibility and public 
relations, i.e. the wish to compensate inevitable 
emissions on a voluntary basis, are leading mo-
tivations to buy carbon credits on the voluntary 
market (44%). Other motives are resale invest-
ment (22%) and anticipation of future regulations 
(20%). Private fi rms are the predominant buyers 
next to governments, NGOs and individuals. 
The majority of buyers were located in Europe 
in 2010 (41%) followed by the US (37%), Latin 
America (5%) and Asia (4%) (Peters-Stanley et 
al. 2011). 

5.3.2 Volume and prices

The voluntary market grew rapidly up to the time 
of the global fi nancial crisis in 2009. It has started 
to recover in 2010, but is still (mid-2011) signifi -
cantly less than its 2008 high (Table 31). While 
market value is not insignifi cant, it is dwarfed by 
the compliance market that was valued at US$ 
142 billion in 2010 (Linacre et al. 2011). 

In 2010 an estimated 128 million carbon cred-
its were transacted on the otc market, up from 55 
million in 2009 (Peters-Stanley et al. 2011) and 
54 million in 2008. Credits from terrestrial carbon 
(forestry and agriculture) have grown in signifi -
cance in recent years. In 2010 credits from for-
est protection projects (Reducing Emissions from 
Deforestation and forest Degradation (REDD)) re-
presented 29%, from other forestry projects 13%, 
and from agricultural soils 5% (Peters-Stanley et 
al. 2011). This is a big increase compared to 2008 
when terrestrial carbon credits made up only 
5.6 million credits or 11% (Hamilton et al. 2009). 
Wetland projects were until now completely ab-
sent from the market, which was primarily due to 
voluntary market standards only being recently 
recognizing wetland projects as being eligible to 
create carbon credits.

Market wide the (volume-weighted) average 
price paid for carbon credits on the voluntary 
market has declined over the last few years. In 
2008 it was US$ 7.34 per credit (Hamilton et al. 
2009). This dropped to US$ 6.5 in 2009 and US$ 
6.0 in 2010 (Peters-Stanley et al. 2011). Concrete 
prices are, however, strongly variable depend-
ing inter alia on the buyer, the type of project, 
the co-benefi ts it may have, the standards cho-
sen for the project, whether the credits are sold 
wholesale or retail, the volume of credits sold, 
and the contractual terms under which the credits 
are sold (e.g. whether it is a payment on delivery 
contract, pre-payment etc.). No transactions of 
carbon credits from peatland or wetland projects 
have been recorded to date, but other terres-
trial carbon projects can provide an idea of the 
price ranges. For example, the highest recorded 
price for credits in the entire voluntary market in 
2010 came from improved forest management 
(US$ 136 per credit), whereas the average price 
from this project type was around US$D 6 per 
credit. REDD also showed signifi cant variation 
with some smaller volumes transacting for close 
to US$ 24 per credit, but high volume sales at 
a low price brought the average for REDD down 
to around US$ 5 per credit, and also depressed 
overall market averages.

 

5.3.3 Carbon credit sales

Options for structuring the sale of carbon credits 
include forward sales, spot sales, option sales, or 
a combination of these. 

Forward sales involve signing a contract to 
sell carbon credits before they have been gener-
ated. Payments are normally made upon delivery 
of the credits, though advance payments for not 
yet delivered credits are also sometimes possible. 
Smaller payments to cover some project devel-
opment costs such as validation may be made 
in advance without providing security, but larger 
payments associated with project implementation 
typically need to be secured. Forward sales typi-

Table 31: Value of voluntary carbon market (US$ million). 2007 and 2008 data from Hamilton et al. 2009, 2009, and 
2010 data for World Bank estimates from Linacre et al. (2011), for Ecosystem Marketplace estimates from Peters-
Stanley et al. (2011), respectively.

2007 2008 2009 2010 

World Bank Ecosystem Marketplace World Bank Ecosystem Marketplace

335.3 704.8 357.8 415 393.5 424
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5.4 Selling peatland rewetting on the compliance carbon market 101

other LULUCF activities and the other sectors in 
the Kyoto Protocol. Whereas all others use ‘net-
net accounting’, i.e. compare the emissions in the 
commitment period 2008–2012 with those in the 
reference year 1990, the Kyoto forest world uses 
‘gross-net accounting’, i.e. only looks at emission 
changes within the commitment period itself. As 
a result of this double standard, the forestry sec-
tor seems to perform much better than it does in 
reality (‘as the atmosphere sees it’). It generates 
carbon credits that are counted as equal to those 
from other activities and sectors, but in reality are 
inferior. Forest accounting thus unrightfully makes 
countries richer than they are. 

5.4.4 Peatlands under a future Kyoto Protocol

If peatland rewetting wants to become attractive 
for climate change mitigation, the rules of the 
Kyoto game have to be changed. Peatland rewet-
ting on cropland and grassland has little chance 
as long as the activities ‘cropland management’ 
and ‘grazing land management’ are only volun-
tary. Peatland rewetting on forest land does not 
give credit as long as the emissions from drained 
forest soils are neglected. Rewetting ‘wetlands’ 
(i.e. the land category under which also peat ex-
traction sites are classifi ed) is even completely 
discouraged as no activities (except ‘revegeta-
tion’) are eligible for ‘wetlands’. 

There are three major options to facilitate 
peatland rewetting under a future Kyoto Proto-
col:
• Adopting a land-based approach: Land-based 

accounting is the full accounting of all GHG 

Table 33: Choice (for the fi rst commitment period) of art. 3.4 activities by Annex I countries with a signifi cant extent 
of peatlands (FM= forest management, CM= cropland management, GM= grazing land management, RV= reveg-
etation).

Country FM CM GM RV

Belarus Not elected Not elected Not elected Not elected

Canada Not elected Elected Not elected Not elected

Denmark Elected Elected Elected Not elected

Estonia Not elected Not elected Not elected Not elected

Finland Elected Not elected Not elected Not elected

France Elected Not elected Not elected Not elected

Germany Elected Not elected Not elected Not elected

Iceland Not elected Not elected Not elected Elected

Ireland Not elected Not elected Not elected Not elected

Latvia Not elected Not elected Not elected Not elected

Lithuania Elected Not elected Not elected Not elected

Netherlands Not elected Not elected Not elected Not elected

Norway Elected Not elected Not elected Not elected

Poland Elected Not elected Not elected Not elected

Romania Elected Not elected Not elected Elected

Russian Federation Elected Not elected Not elected Not elected

Sweden Elected Not elected Not elected Not elected

UK Elected Not elected Not elected Not elected

Ukraine Elected Not elected Not elected Not elected

Belarus-Buch-en.indb   101 05.09.11   10:17

eschweizerbart_XXX

Sam
ple

 pa
ge

s



Colour plates, Part III 119

Fig. 62: Ratrak mowing machine with a trailer, each based on a snowcat, developed for mowing in the Biebrza peat-
lands, Poland (photo: Lars Lachmann).

Fig. 59: Bar mower cutting device mounted on a Kässbohrer snowcat, constructed for use in the Peene Valley peat-
lands (photo: Achim Schäfer).
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124 Colour plates, Part III

Fig. 75: The burnt area with dwarf shrubs before rewetting of Dalbeniski (2010; photo: Annett Thiele).

Fig. 76: Very moist bog heath in the central area of Dalbeniski before rewetting (2010; photo: Annett Thiele).
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7.4 Biodiversity actions 145

7.4 Biodiversity actions 

Franziska Tanneberger & Rob Field 

7.4.1 Introduction

The main areas of biodiversity-related work in the 
BMU-ICI project included:
• Monitoring of fl ora and fauna before and after 

rewetting at project sites (including the devel-
opment of a monitoring protocol);

• Literature studies;
• Preparations for a Climate, Community and 

Biodiversity Alliance (CCBA) validation; 
• A demonstration project on biomass use from 

wet peatlands.

7.4.2 Monitoring

Monitoring of fl ora and fauna was carried out once 
before (mainly in 2009/2010) and once after rewet-
ting (mainly in 2011). It comprised monitoring of :
• Vegetation (via greenhouse gas emission site 

type (GEST) mapping, see chapter 3.4 and 
7.3);

• Birds;
• Invertebrates (ground beetles).

At two sites (the bog Dalbeniski and the fen Vyha-
nascanskaje), the bird communities at non-rewet-
ted control sites were monitored in the baseline 
situation (S. Levy pers. comm.).

Vegetation monitoring was not conducted on 
its own, but as part of GESTs monitoring (see 
chapter 7.3). Plant species number, diversity and 
the occurrence of target species were recorded 
from vegetation relevés conducted for the identifi -
cation of GESTs. A list of potential target species 
was provided and fi eld workers were asked to pay 
particular attention to these (partly inconspicu-
ous) species.

Bird monitoring included:
• An early morning transect survey based on 

standard Breeding Bird Survey methods al-
ready used in Belarus (with a transect of at 
least 2 km length and recording the location of 
birds in distance bands from the route of the 
transect; the distance bands were (i) within 25 
m of the transect, (ii) between 25 and 100 m 
of the transect, and (iii) over 100 m from the 
transect; all birds, including those fl ying, were 
recorded);

• A mid-day raptor survey (to monitor, for exam-
ple, Greater Spotted Eagle Aquila clanga);

• An evening survey for crepuscular species 
(e.g. Corncrake Crex crex, Rails Porzana spp., 
Little Bittern Ixobrychus minutus, Bittern Bo-
taurus stellaris, Great Snipe Gallinago media)
and possibly Aquatic Warbler Acrocephalus 
paludicola.

The distance of transect walked was adjusted to 
account for site area. On sites up to 2,500 ha, a 
single transect of around 2 km was walked. Moni-
toring at larger sites required additional transects 
(selected at the same area:length ratio) to be 
walked in order to achieve a reasonable repre-
sentation of the site. In such cases, the locations 
of sampling units were determined using a sub-
sampling protocol (i.e. over-laying a 4 km2 grid 
onto each site and selecting at random, two 4 km2 
grid cells to be the sampling units for starting the 
two transects). For consistency, the grid cells im-
mediately southwest and immediately northeast 
of the central 4 km2 grid cell were used, unless 
impossible due to logistical constraints. Transect 
routes were identifi ed on maps using Global Po-
sitioning System (GPS) so that future visits could 
be made to exactly the same locations. Two vis-
its were performed, the fi rst in the second half of 
May and the second visit in the fi rst half of June, 
but at least two weeks apart. 

Invertebrate monitoring used a stratifi ed 
sampling design according to vegetation types 
mapped in the course of GEST mapping. Moni-
toring began in 2010 on seven sites and included 
all major vegetation types recorded before rewet-
ting. Invertebrates were caught in pitfall (Barber) 
traps with 15 traps per plot, used at least once 
between May and September for 100 trap-days. A 
particular focus was given to Carabid beetles, as 
these species are a good indication of changes in 
water conditions, and are well-studied in Belarus.

To date, it is only possible to draw prelimi-
nary conclusions about the effects of rewetting 
from the project sites Obal and Hrycyna-Star-
obinskaje, which were rewetted in 2009 by the 
Global Environment Facility (GEF) project (see 
also chapter 2.4 and 4.2). Based on data from the 
GEF project and after-rewetting data sampled in 
2010 within the BMU-ICI project, some initial con-
clusions can be drawn: Whilst vegetation com-
position on rewetted areas changed in favour of 
species indicating wet conditions, it remained rel-
atively stable in non-rewetted areas. On bird mon-
itoring transects on rewetted sites, the number of 
bird species typical for peatlands and shore and 
water conditions increased between 2008 and 
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146 7 The BMU-ICI project

2010 and those typical of forests and dry open 
areas decreased. It is expected that a trend to-
wards wetland species will increase in the future. 
Since such developments take time, it is aimed 
at continuing the monitoring after the end of the 
BMU-ICI project.

One of the planned outcomes of the project 
was that characteristic wetland species, e.g. the 
globally threatened Aquatic Warbler Acrocephalus 
paludicola (see box 8 in chapter 4.1) and Greater 
Spotted Eagle Aquila clanga, would increase. Due 
to logistic and legal constraints, it was not possible 
to rewet a large area of drained fen, and only three 
of the eleven project sites were fens: 
• Horeuskaje (198 ha, overall area 20,000 ha) 

has a potential for both species since it is lo-
cated close to Aquatic Warbler breeding sites 
Dzikoje and the Jasielda fl oodplain and to 
Greater Spotted Eagle breeding sites);

• Hrycyna-Starobinskaje (3,505 ha) has a poten-
tial for both species since it is located within 
30–50 km from the nearest Aquatic Warbler 
breeding site and as Greater Spotted Eagles 
could build their nests on the mineral islands, 
if they are not disturbed, their nearest breeding 
sites would be 11 km to the West and 25 km to 
the South; and 

• Poplau Moch (415 ha) has no potential for 
Aquatic Warblers (outside the distribution 
range in Belarus) and only small potential for 
Greater Spotted Eagles (and only if wet small-
leaved forest occurs and human disturbance 
is low; the nearest breeding site being only in 
Biarezinski zapaviednik at > 150 km distance).

While the concrete project outcome for the target 
species is rather small, there are two further as-
pects why the BMU-ICI project benefi ts the target 
species indirectly:
• Building on the efforts of the GEF project, the 

precedent of peatland restoration and sustain-
able management in Belarus has been set (by 
two new state standards on the ecological resto-
ration of peatlands: the development of methodi-
cal guidelines on the ecological restoration of 
degraded peatlands (Kozulin et al. 2010a); and 
the development of national documents on the 
sale of emission reductions from rewetted peat-
lands on the voluntary carbon market), which 
will hopefully open the door to the rewetting of a 
much greater number of fen sites in the future;

• By implementing the biomass pilot activities in 
Sporava, the project will demonstrate the feasi-
bility of using biomass from wet peatlands, thus 

aiding the reintroduction of mowing and veg-
etation management at Aquatic Warbler sites, 
which are currently declining in suitability due 
to abandonment and increased eutrophication 
(see below and chapter 6.5).

Lessons learnt from biodiversity monitoring in-
clude that:
• Understanding of the potential of restoration to 

deliver priority habitats and species (literature 
review) is crucial for selecting rewetting sites, 
assessing potential project benefi ts, and de-
signing a monitoring scheme;

• All biodiversity monitoring activities should aim 
at spatial coherence between biodiversity mon-
itoring areas and GEST monitoring areas (i.e. 
locations of hydrological measurement devices 
and of vegetation assessment);

• On a country-wide scale, non-representative 
and biased site selection is less likely to benefi t 
target species and habitats.

7.4.3 Literature studies

Since rewetting of peatland is a new concept in 
Belarus, an international literature survey (Tan-
neberger 2011) was undertaken to describe the 
long-term effects of rewetting on peatland biodi-
versity. A database of information on the study 
region: peatland type and condition before re-
wetting; treatment; studied taxa; number of years 
since treatment; and whether control sites have 
been included in the study design or not, was de-
veloped. It contains details of 100 studies, with 
most (94) focusing on plants, far less on animals 
(e.g. 10 studies on birds; see also chapter 4.2). 
The search also yielded a greater number of stud-
ies from bogs than from fens. Few studies include 
control sites, and the bulk of literature describes 
effects after less than 10 years rewetting. Find-
ings from the literature study were used to derive 
management recommendations for the project 
sites (see chapter 8.2–8.7).

7.4.4 CCBA validation 

The Climate, Community & Biodiversity (CCB) 
Standards of the Climate, Community & Biodiver-
sity Alliance (CCBA) identify land-based projects 
that are designed to deliver robust and credible 
greenhouse gas reductions whilst also deliver-
ing net positive benefi ts to local communities and 
biodiversity. Use of the CCB Standards requires 
that independent, accredited auditors determine 
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8 Practical rewetting examples 

the discharging rainwater. The success of rewet-
ting is only visible after some years and strongly 
dependent on the amount of precipitation in the 
following seasons.

Poplau Moch is a fen peatland, with some bur-
ied bog peat, located in the same region as Za-
dzienauski Moch. It was subject to peat extraction 
from the 1950s until the 1990s. The entire site cov-
ers 414.6 ha, of which 350 ha have been exploited 
by peat extraction (milling). It lay abandoned after 
the 1990s and was prone to fi re until the rewetting 
activity started. During the ongoing succession, ar-
eas became overgrown by birches. Approximately 
78% of the peatland area is now covered by young 
birch forest. Already before rewetting, the drainage 
system partly collapsed or the beaver helped to 
keep part of the area wet. After rewetting numer-
ous soil dams blocking the side channels hinder 
run off to the main channel and maintain wet con-
ditions in large parts of the site. 

Obal is a bog peatland that is also located in 
the Poozerie in Viciebsk oblast. The territory cov-
ers 2,555 ha in total and 1,097 ha of it have been 
rewetted in the frame of the project. The peat ex-
traction activities started in 1922 and are still con-
tinuing on 122 ha outside of the project territory. 
The extraction was performed by milling and exca-
vating, which left a very inhomogeneous surface. 
Since the rewetting in winter 2008/2009 via nu-
merous soil dams and one stone-gravel overfl ow 
dam a diverse mosaic of birch forests, pine for-
est, mixed forest, fl ooded bare peat with emerging 
reeds and regenerating hummock-hollow com-
plexes on the excavated sites are developing.

The fen peatland Horeuskaje is located in the 
valley mire regions of the Jasielda River, close to 
the famous conservation site Sporauski zakaznik 
and covers 190.51 ha. It underwent drainage in 
the 1970s which was followed by peat extraction. 
As there remained a substantial peat layer the 
area was given over to the local kolkhoz. Today 
it is an abandoned agricultural site with a sparse 
cover of young birch forest, bare peat and plants 
indicating dry conditions. Rewetting will be done 
by closing the channels with soil dams in the sur-
rounding area.

8.1 Introduction

Franziska Tanneberger & Annett Thiele

The BMU-ICI project comprises nine project sites 
(see Table 38 and Fig. 66 in chapter 7.2). Five of 
them are described in detail in chapters 8.2–8.6: 
The bogs Dalbeniski, Zada, and Daukudauskaje 
and the fens Hrycyna-Starobinskaje and Scar-
binski Moch. Dalbeniski and Zada are large 
bogs in the north of Belarus that have been re-
wetted using soil dams. The rewetting approach 
of Dakudauskaje, located in central Belarus, in-
cludes the construction of an anti-leakage dam 
between the rewetting site and the active peat 
extraction site. The two fens, one located in the 
south and one in the north, feature soil dams and 
modifi ed sluices and soil dams only for rewetting, 
respectively. As a sixth practical rewetting exam-
ple, the famous Jelnia mire (chapter 8.7) is includ-
ed and related rewetting activities are presented. 

The four project sites not described in detail 
are Zadzienauski Moch, Poplau Moch (see also 
box 14 in chapter 4.4), Obal, and Horeuskaje. 
These sites are briefl y described here:

The project site Zadzenauski Moch is located 
in the Poozerie, a huge ground moraine region 
with thousands of lakes and peatlands in the 
north of Belarus, in Viciebsk oblast. It is a partly 
forested, partly open raised bog of 753.3 ha that 
was drained in the 1950s and was subject to peat 
milling until the 1990s. Due to that the northern 
part of the territory is severely degraded. Areas 
with bare peat or sparse moss-vegetation cov-
er have lain abandoned for 20 years. The sur-
rounding not-extracted parts show intensifi ed 
pine and birch growth. Nevertheless the former 
hummock-hollow-lawn complex structures have 
remained but species composition has shifted to 
drier types, than is typical for such structures. The 
southern part of the peatland, reaching into the 
territory of the Russian Federation, has remained 
wet and open. Rewetting was performed by clos-
ing the channels with soil dams in the centre of 
the extraction site. Several bigger soil dams were 
installed in the surrounding channels to collect 
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170 8 Practical rewetting examples

8.2 Dalbeniski

Irina Voitekhovitch, Olga Chabrouskaya, Annett Thiele & Franziska Tanneberger

8.2.1 Site characteristics

Location Viciebsk region, Sarkauscyna district (Fig. 72). 

Coordinates 55°18'905"N, 27°11'812"E.

Total area 5,501 ha.

Area of restoration site 5,501 ha.

Peatland type Bog (with a steep slope of c. 9 m height difference).

Peat depth Average: 4.2 m; maximum: 8.0 m. 

Water supply and discharge Precipitation; drainage system includes a main channel (2.5 m deep), 
levee channels (7–8 m wide, 2–2.5 m deep), and ditches (every 20 m, 
up to 1.5 deep) in the extraction site and drains to rivers Dzisna and 
Janka.

Land use history In the early 1990s (until 1994) peat extraction in the central part of the 
bog for Sarkauscyna agro-chemical factory, about 0.5 m of peat was 
removed over 180 ha and another 200 ha were prepared for peat ex-
traction (drained, trees removed); surrounding lands are used for cattle 
grazing, hay-making and crop farming.

Land use before rewetting Belonged to the State Forest Enterprise ‘Pastavi Forestry’, main land 
use is forestry, hunting, and recreational fi shing; a blueberry plantation 
is run by the Forest Enterprise on the former peat extraction site.

Vegetation before rewetting Severely infl uenced by fi re a huge mono-dominant ‘desert’ of heather 
(Fig. 75 Colour plates III) had developed in the centre, around the lake 
(Fig. 73 Colour plates III), and at the higher parts of the raised bog. The 
single standing pine trees have been burnt and single standing birch 
trees have colonized the area. The northern part was partly spared 
from the fi res and hummock-hollow-lawn-complexes remained. In the 
southern part the fi res were very severe. These areas are overgrown 
by poplar and birch thickets, with the moss Polytrichum spec. in the un-
derstorey over large parts of the area that have been fl ooded by beaver. 
Due to beaver activities and other regeneration processes (see also 
Fig. 74 Colour plates III) peat moss and sedge reeds have developed.

Fire hazard before rewetting Fire hazard before rewetting.

the peatland is projected. Suffi cient dams have to 
be installed to guarantee that water level differ-
ences over the dams do not exceed 30–40 cm. 
The initial dams must be 50–70 cm higher than 
the upper edges of the ditch to ensure that water 
bypassing the dams is distributed widely over the 
bog surface. The position of the dams has been 
planned in the process of development of engi-
neering documentation on the basis of a linear 
survey of the drainage network along the main 
channels with cross-section measurements every 
200 meters.

8.2.2 Restoration approach

Restoration measures aim at decreasing dis-
charge of precipitation water from the peatland. 
This discharge occurs by channels and ditches 
that drain the former peat extraction site and 
also Lake Asviata (which had already reduced 
one third in size), and from forestry ditches in 
the marginal zone of the peatland (Kozulin et al. 
2010c). The rewetting activities will concentrate 
on the former extraction site. According to the 
engineering plan, the construction of 30 dams in 
the ditches and in the collector channel around 
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9 Recommended research and monitoring activities in 
rewetted peatlands

in case of bare sites, treed sites, and sites ex-
periencing disturbance such as fl ooding or fi res. 
This chapter focuses on how to further develop 
the GEST approach and recommends research 
activities in the following six modules (H. Joosten 
& J. Couwenberg pers. comm.): 
• GEST-HERB: using equilibrium herbaceous 

vegetation as a proxy for GHG fl uxes;
• GEST-WATER: using mean annual water level 

as a proxy for GHG fl uxes;
• GEST-FOREST: using biomass data as a proxy 

for CO2 sequestration in forests and shrubs; 
• GEST-TRANSIENT: using initial biomass qual-

ity and quantity as a proxy for GHG emissions 
in non-equilibrium (‘transient’) situations after 
rewetting;

• GEST-FIRE: using fi re scars and vegetation as 
a proxy for GHG emissions from peat fi re;

• GEST-PREDICT: using vegetation develop-
ment models for assessing with-project GHG 
emission reductions.

The GEST-HERB module can be regarded as 
basic module of the GEST approach (see chap-
ter 3.4) and is currently improved within the BMU-
ICI project and other projects by calibration and 
complementation (‘gap fi lling’) of the existing data 
on vegetation types and GHG emissions (see box 
5 in chapter 3.3). Simultaneous assessment of 
GHG emission characteristics, vegetation com-
position, and abiotic parameters from study sites 
in the project region that are identical or similar 
to sites for which emissions data are published is 
necessary to calibrate emission values for given 
vegetation types. Vegetation forms (see box 6 in 
chapter 3.4) recently studied in northeastern Ger-
many have been identifi ed as good indicators of 
site parameters (e.g. water level) and can therefore 
be used to directly assign GESTs for project sites 
(Couwenberg et al. 2008). Other types of vegeta-
tion classifi cation based on species composition 
require further elaboration with regard to their in-
dicative value prior to their interpretation in terms 
of GESTs. This can, for example, be done using 
Ellenberg moisture indicator values (Ellenberg et 

9.1 Recommended research 
activities

Susanne Bärisch & 
Franziska Tanneberger

9.1.1 Introduction

Successful restoration of peatlands relies on the 
availability of relevant knowledge derived from 
targeted and effective research and monitoring. 
Research is done in projects of limited duration 
at selected study sites, specifi cally designed 
to gather information of general importance, be 
it fundamental facts on greenhouse gas (GHG) 
emissions, vegetation development, or determin-
ing the success of management activities. Re-
search projects are often characterized by inno-
vative approaches either concerning the methods 
applied or the objects under investigation (e.g. 
specifi c species or habitats). Research results 
can be used to develop model-based (and thus 
more cost-effective) methods to be applied with-
in monitoring activities (see chapter 9.2) and to 
guide restoration activities. 

Key areas of research related to peatland re-
wetting for climate and biodiversity benefi ts are:
• The assessment of GHG emissions from peat-

lands via proxies;
• The assessment of vegetation development af-

ter rewetting;
• The assessment of biodiversity before and af-

ter rewetting.

9.1.2 Assessment of GHG emissions from 
peatlands via proxies

Targeted analysis of literature data on GHG emis-
sions from peatlands enabled the development of 
the Greenhouse gas Emission Site Type (GEST) 
approach (see chapter 3.4). Although vegeta-
tion has been identifi ed to be generally a valu-
able proxy for assessing GHG emissions from 
peatlands, other parameters have to be taken 
into account in emission assessments, especially 
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Carbon credits from peatland rewetting
The idea is good, but how to put it into practice?

Drained peatlands account for only 0.3% of the global land area. At 
the same time, they are the source of a disproportional 6% of total 
anthropogenic CO2 emissions; a problem that needs to be addressed. 
The ‘hotspots’ are well known: Southeast Asia, Central and Eastern 
Europe, parts of the United States and Northeast China. The solution 
is obvious: Restore high water levels in peatlands. But many ques-
tions remain.

How does rewetting affect greenhouse gas � uxes? What about 
 methane? Are the emissions measurable, reportable and veri� able? 
Are emission reductions from peatland rewetting creditable towards 
Kyoto Protocol commitments? Can they be sold on the voluntary car-
bon market? How does rewetting in� uence biodiversity? And, may re-
wetted peatlands still be used productively? 

Belarus ranks 8th among the world’s countries in terms of peatland 
CO2 emissions and occupies 3rd place in emissions per unit land area. 
In recent years, tens of thousands of hectares of drained peatlands in 
Belarus have been rewetted.

This volume provides a synthesis of the challenges encountered and 
solutions adopted in a pilot project conducted in Belarus between 
2008 and 2011. It presents data and conclusions from the project and 
relates basic principles to advanced applications, integrating science 
and politics, ecology and economy. The experiences and recommen-
dations set forth in this volume will inspire practitioners, scientists and 
politicians alike.

ISBN 978-3-510-65271-6
www.schweizerbart.com

The project ‘Restoring peatlands and applying concepts for sustainable management in Be-
larus – climate change mitigation with economic and biodiversity bene� ts’ is � nanced by the 
Federal Republic of Germany through KfW Entwicklungsbank in the framework of the Inter-
national Climate Initiative of the German Federal Ministry for the Environment, Nature Con-
servation and Nuclear Safety (BMU). It is co-ordinated by the Royal Society for the Protection 
of Birds, UK, in collaboration with APB – BirdLife Belarus and the Michael Succow Founda-
tion, Germany. It is carried out with support of the United Nations Development Programme 
(UNDP) in Belarus and the Ministry of Natural Resources and Environmental Protection of 
the Republic of Belarus.
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Franziska Tanneberger & Wendelin Wichtmann (eds.) 

Carbon credits from peatland rewetting
Climate – biodiversity – land use
Science, policy, implementation and recommendations of a pilot project in Belarus

2011. XII, 223 pp., 100 mostly coloured � gures, 41 tables, 30 info boxes, 28 x 21 cm.
ISBN 978-3-510-65271-6 hardcover € 39.80
Information on the English title: www.schweizerbart.com/9783510652716

Carbon credits from peatland rewetting – The idea is good, but how to put it into practice?
Drained peatlands account for only 0.3% of the global land area. 
At the same time, they are the source of a disproportional 6% 
of total anthropogenic CO2 emissions; a problem that needs to 
be addressed. The ‘hotspots’ are well known: South east Asia, 
Central and Eastern Europe, parts of the United States and 
Northeast China. The solution is obvi-
ous: Restore high water levels in peat-
lands. But many questions remain.
How does rewetting affect green-
house gas � uxes? What about meth-
ane? Are the emissions measurable, 
reportable and veri� able? Are emis-
sion reductions from peatland rewet-
ting creditable towards Kyoto Protocol 
commit ments? Can they be sold on 
the voluntary carbon market? How 
does rewetting in� uence biodiversity? 
And, may rewetted peatlands still be 
used productively? 
Belarus ranks 8th among the world’s 
countries in terms of peatland CO2 
emissions and occupies 3rd place in 
emissions per unit land area. In recent 
years, tens of thousands of hectares 
of drained peatlands in Belarus have been rewetted.
This volume provides a synthesis of the challenges encoun-
tered and solutions adopted in a pilot project conducted in Be-
larus between 2008 and 2011. It presents data and conclusions 

from the project and relates basic principles to advanced appli-
cations, integrating science and politics, ecology and economy. 
The experiences and recommendations set forth in this volume 
will inspire practitioners, scientists and politicians alike.
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