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Introduction

Peatlands cover ca. 3,7 million km? = ca. 2,5% of the Earth’s land, gathering approx. 25
— 30% of the resources of carbon accumulated in the ecosystems (lInicki 2002, Oleszczuk
2012), which corresponds to an estimate of 60 — 75% of carbon resources in the atmosphere
and twice the carbon resources accumulated through forests. Live peatlands accumulate
carbon resources by accumulating biomass in the form of peat. The degradation of peatlands,
i.e. its drainage, causes peat’s decomposition and decay as well as the release of carbon
dioxide. On a general level it is thus quite obvious that the accumulation and emission of
carbon from peatlands is significant for the global carbon balance. In order to prevent the
emission of CO; to the atmosphere it is essential to prevent the release of carbon accumulated
in already existing peatlands as well as to capture and accumulate by peatlands the carbon
from the atmosphere in the future.

According to Wetlands International estimations, the global CO, emission from
degraded peatlands worldwide is approx.2x10° tones per year (in other sources one may
encounter the estimations of 1.3 — 5x10° tons per year, however, there is a consensus
regarding the magnitude), with a growth trend by ca. 2% per year. The area of degraded and
requiring restoration peatlands is estimated as at least 0,5 million km?. Emission of the carbon
dioxide from anthropogenically degraded peatlands is estimated as ca. 5-6% of the total
anthropogenic emission of this gas and ca. 30% of the emission resulting from the land use
and land-use related changes. Natural emissions are not included within these estimations.

The area of fens in Poland is estimated to be 1211 thousand ha. (=12,11 thousand km?).
Czaplak and Dembek (2000) estimated that of approx. 817 thousand ha of peatlands used as
grasslands the emission that occurs annually is of 14,5 million tons of CO2 which is equal to ca.
4% of the Polish annual emission of carbon dioxide from the combustion of fossil fuel. Jurczuk
(2012) estimates the current emission of the carbon dioxide from Polish peatlands meliorated
for the agricultural use as 6,7 Mt which would constitute 2% of the emission of the combustion
of fossil fuels. Nevertheless, these calculations do not take into account other types of fens,
i.e. forested peatlands. Joosten (2010), on the basis of the areas of forested and agriculturally
used peatlands and average emission factors, estimates the annual CO, emission from
degraded peatlands in Poland as 25,8 million tons, or as 7,5% in comparison to the emission
from the combustion of fossil fuels. This would place Poland in a group of 10 world’s biggest
emitters of CO; from the degraded peatlands’ areas.

In certain countries the role of fens in the greenhouse gases balance, and
consequently, in preventing climate changes, is generally strongly emphasized. For example,
in strongly peatlands covered Scotland protecting and reconstructing peatlands is thought to
be an essential action that prevents climate changes. There are attempts of taking that aspect
into consideration in terms of assessing the impact of certain actions on the environment.



Sometimes it significantly alters the evaluation of, i.e. the impact of wind farms on the
environment; located on “useless” bogged areas they turn out to be “net emitters” of the
carbon dioxide because the estimated CO; emission that stems from degradation of peatlands
connected with construction of windmills appears to be bigger than emission savings in the
production of wind energy, rather than from burning coal (Madsen and Ebmeier 2012 and
works there cited). It is also estimated how the restoration of peatlands may affect the carbon
balance (i.e. Artz and others 2012 assume that it is effect between 0,6 and 8,3 tons of CO;
equivalent per hectare of reconstituted peatlands annually).

In reality, however, the mechanism of interactions between fens and their condition
and the balance of so called greenhouse gases and, consequently, possible climate changes
are not as simple as it is often assumed. In particular::

— The carbon balance of a specific fen is individual and highly dependent on the
ecohydrology of an individual object (et. Worall et al. 2011). It is very doubtful
whether averaged estimates derived from studies carried on random peatlands, and
this is the only available kind of scientific data, may be the basis of such generalized
estimates. It is rather certain that they cannot be referred to objects other than those
which were surveyed, and it is certain that basing on the “standard, averaged
parameters” there is no possibility, even a rough one, of estimating the
emission/capture of the carbon dioxide for a particular peatland.

— Carbon dioxide emitted from peatlands occurs not only directly, but also indirectly: by
leaching of organic components and so called dissolved carbon substances which
decompose into carbon dioxide in streams and other waters beyond the peatland.
Those mechanisms are poorly known, even though their role may be more important
than the role of the direct emission.

— Apart from the participation in the carbon cycle, peatlands emit methane and nitrous
oxide which are also classified as greenhouse gases and, in addition, their impact on
the climate is estimated respectively as 20-25 and 300-350 more powerful than
carbon dioxide. The methane emission processes are typical for natural, well-hydrated
peatlands and, unlike the carbon dioxide emission, are inhibited on over-dried and
degraded peatlands.

— The mechanisms responsible for the emission of greenhouse gases and the carbon
sequestration by peatlands’ ecosystems are definitely non-linear, which means that
to a large extent they have the nature of a “switch off” system, i.e. associated with
starting and stopping the biochemical activity of enzymes or with other, not known
yet mechanisms (i.e. Fenner & Freeman 2011). It means that the use of linear
mathematical models used for estimating emission from peatlands is, in general,
methodically incorrect.

— Undoubtedly, there may exist feedbacks between climate changes (warming, local
cooling, the increase in the frequency and the depth of dry periods, or even a direct
increase of the concentration of carbon dioxide) and the carbon accumulation in



peatlands, but we do not have the knowledge about them and most likely we will not
have one other than post factum. There also exist some theories, supported by
scientific data, that climate changes will cause a sharp increase of the emission of
greenhouse gases from peatlands (a positive feedback; cf. i.e. Freeman, Ostlen, Kang
2001, Fenner & Freeman 2011), as well as that the climate warming may increase
carbon capture from the atmosphere by peatlands (cf. i.e. Blodau, Siems & Beer 2011,
Charman & others 2013). In reality, the exact character of expected climate changes
is not even known and predicting how they may affect the functioning of peatlands’
geosystems is very doubtful.

Even if we assume that peatlands in a natural state are practically absorbers of greenhouse
gases whereas degraded fens are their emitters, it does not necessarily mean that the
renaturalization of fens will positively influence the balance of those gases. The concept of
renaturalization of peatlands is mostly understood as their rehydration. However, ecologic
systems created this way are not and will never be identical with an untouched peatland. The
knowledge of the emission and the absorption of carbon dioxide, methane and nitrous oxide
cannot be exploited in terms of renaturalized peatland. Actual data referring to emission and
absorption of greenhouse gases by rehydrated peatlands are very limited, and the results are
not obvious (i.e. Beyer & Hoper, 2014)..



Attempts and declarations of peatlands’ inclusion in greenhouse
gases balances

Despite the aforementioned methodical doubts, postulates for peatlands’ inclusion in
global and national greenhouse gas balances, and eventually in emissions trading schemes,
have been formulated for several years. First guidelines about how this inclusion should be
carried out formed part of the guide of the International Climate Panel to create national
greenhouse gases balance from 2006 (IPCC 2006). Subsequently, the suggested emission
factors were the topic of a discussion for several years (check Couwenberg 2009).

During the climate conference in Durban (2011) the declaration (decision 2/CMP.7)
concerning the possibility of inclusion of greenhouse gases emission resulting from land-use,
changes of land-use and forestry to national emission balances was accepted. In balances, the
anthropogenic emission is, as a standard, taken into consideration, which comes from
exploited peatlands. However, emissions from natural and unmanaged peatlands are omitted.
In the autumn of 2013 the Wetlands Supplement (IPCC 2013) to the methodic guidelines of
the International Climate Panel, referring to estimating the emission coming from those
sources, was published.

The current guidelines (IPCC 2013) recommend as a primary estimation method (so
called Tier 1 — level 1) the adoption of typical factors of emission from drained organic soils
depending on the land-use type. The factors assume that the purpose of including greenhouse
gases into national balances are anthropogenic emissions; that is why they do not estimate
emissions from natural peatlands. Standard factors collected in the guidelines are presented
in “tons of carbon included in the carbon dioxide emitted anthropogenically from a hectare
per year” (t CO,-C), which may be converted into tons of carbon dioxide thanks to 3.67 ratio,
and, for instance, may amount to:

Category of area

Standard factor of emission
of tons of CO,-C/ha per year

Standard factor of emission
of tons of COz/ha per year

zone

(average and 95% (average)
confidence interval)
Forests in depleted locations 095
of dehydrated peatlands of (0 2_;,-0 73) 0,91
the boreal zone ’ ’
Forests in fertile locations of 093
drained peatlands of the 0 5;1_1 3) 3,41
boreal zone ’ ’
Forests on dehydrates 26
peatlands of the temperate ’ 9,54
(2,0-3,3)




Agricultural crops on 79

drained peatlands of boreal ’ 28,99
(615'914)

and temperate zones

Grasslands on drained 5,7 2091

peatlands of the boreal zone (2,9-8,6) !

Grasslands on depleted and

. 5,3

drained peatlands of the 19,45
(3,7-6,9)

temperate zone

Grasslands on fertile, 36

shallow-drained peatlands ’ 13,21
(1r8_5r4)

of the temperate zone

Grasslands on fertile, deeply 61

drained peatlands of the ’ 22,39
(5,0-7,3)

temperate zone

Peatlands that are drained

with the objective of

exploitation (not including 2,8 10.28

the emission from the (1,1-4,2) ’

exploited peat) of boreal

and temperate zones

These factors were gathered basing on scientific works containing appropriate estimations.
Examples of such work were discussed further.

Alkaline fens in greenhouse gases emission and absorption estimations

There are virtually no results of carbon dioxide or any other greenhouse gases emission
measurements which specifically and unambiguously could relate to alkaline fens, namely the
7230 Natura 2000 habitat. Within areas with continental climate, the natural fens are
characterized by the faster growth of the peat bed and by more intensive sequestration
(accumulation) of carbon than bogs. On the other hand, they are converted into grasslands
more often than bogs, which means bogs’ degradation. However, there is no data that would
allow distinguishing alkaline fens from other types of peatlands in terms of their contribution
to the carbon balance. Theoretically, the role of this specific type of fens may be special, since
carbon is being accumulated not only as peat, but also as carbon precipitates that are
deposited in fens (travertine deposits); nevertheless, this issue is still not covered by any
guantitative analysis.

Some of the fens examined in respect of the carbon balance, mentioned in this
analysis, were drained “post-moss” fens. However, descriptions of research subjects do not
enable a precise diagnosis in this respect.



Estimations of the carbon balance in peatlands in Europe and worldwide

There have been numerous attempts of determining the carbon dioxide emission from
natural and degraded peatlands in many places around the world. An overview of the results
obtained so far in Europe was compiled by Byrne et. al.(2004), Couwenberg (2009), Jassens
et. al. (2005) and Lindroth et. al. (2007), followed up with complementing publications by

Klimkowska (2008). Examplary data are given below:

degraded peatland.

Europe Natural peatlands -1,28 Janssens i in. 2005
Finland Fens -2,93do -7,34 Lindroth et al. 2007
Finland Fen -2,06 Aurela et al. 2007
. Sagerfors et
Sweden Deprived sedge fens -2,01 Al 2008
Remarshed .
Netherlands -11,34 Hendriks et al. 2007
grassland on peat
Semi-natural
Netherlands grass.land on -5,32 Jacobs et al. 2007
deprived soak-way
fens.
Meadow mown Veenendaal et al.
Netherlands twice on fen 15,56 2007
Intensively utilized,
Netherlands fertilized meadow 4,04 Jacobs et al. 2007
on peat
Great Britain Moist, extensive 2,16 Lloyd 2006
meadow on fen
Meadow on peat for
Netherlands the intensivepmilk 15,52 Veenendaal et al.
. 2007
production
Drained fens
Europe (meadows and 4,40 Jassens i in. 2005
forests) - average
Molinia meadow on
Netherlands degraded, drained 6,60 Jacobs et al. 2007
fen
Netherlands Meadow on fen 8,07 Jacobs et al. 2007
Great Britain Meadow on fen 20,18 Bellamy et al. 2005
Europe Arable land on 24,22 Jassensiin. 2005




Similar compilation was also made by Oleszczuk (2012):

Emission from bogs
(specific source data can be found in Oleszczuk’s publication from 2012)

NW Arable soil drained limed 16,1 Eggelsmanni
Germany fertilized Bartels,
[1975],
Hoperi

Blankenburg
[2000]
NW meadow drained limed 17,7 Kunze
Germany fertilized [1992]

Sweden meadow drained 12,8 Hillebrand
[1993]
| Direct measurementsunderfieldconditions |
S Germany meadow drained (50 - 16,2 Drosler
years) 12,6 [2005]
annual
average:
0,29
variations:
0,54

S Germany meadow Drained - 9,0 Drosler
(50 years) 1,7 [2005]

Russia meadow drained - 20,0 Krestapova i
Maslov
[2004]

Emmision from peatlands
(Specific source data can be found in Oleszczuk’s publication from 2012):

NE Germany 0,3 - 10,5-14,3 Mundel [1976]




NE Germany

NE Germany

0,6

0,9-1,2

14,6 — 20,6

13,7-24,5

Mundel [1976]

Mundel [1976]

Poland arable soil 0,7-0,9 fertilized 41,1 Okruszko [1989]
(Biebrza)
arable soil 0,8-1,8 fertilized 39,9 -60,5 Eggelsmanni
NW Germany Bartels [1975]
arable soil drained fertilized 24,2 - 36,3 Schuch [1977]
S Germany
arable soil, grain drained - 31,0-62,0 Kasimir —
Sweden Klemedtssoni in.
[1997]
arable soil, grain drained - 62,0—-92,0 Kasimir —
Sweden Klemedtssoni in.
[1997]
Poland meadow 0,5-0,7 fertilized 31,5 Okruszko [1989]
(Biebrza)
meadow - - 10,0-18,0 Czaplak i Dembek
Poland [2000]
meadow drained - 24,2 Lorenziin. [1992]
NE Germany
meadow summer: 1,0 | fertilized 16,9 Weinzierl [1997]
S Germany -2,0
meadow fertilized 14,1-16,9 Schothorst [1976]
Netherlands 0,7-1,0
meadow - 8,0—30,0 Kasimir —
Netherlands - Klemedtssoni in.
[1997]
meadow - 15,0-30,0 Kasimir —
Sweden - Klemedtssoni in.
[1997]




summer: 0,6

Canada Arable soil 0,2-0,9 - 59-6,4 Glenniin. [1993]
Canada meadow >0,5 - 7,0 Glenniin. [1993]
Finland meadow 0,2-1,2 fertilized, 14,4 -14,7 Nykaneni in.
limed [1995]

winter: 0,1-
NW Germany irrigated 0,4 - 14,1-17,6

summer:0,5 Meyer i in. [2001]

meadow

NW Germany meadow winter:0,3- | - 15,1

0,5 Meyer i in. [2001]

Values differ from those reported usually in other sources in relation to the magnitude of the
estimation (Pacurar et al. 2010 — CO; emission from peatlands of more than 600 t/ha per

year).




Oleszczuk (2012) compiled also empirical equations for estimating the emission of COxfrom
drained fens that were suggested by other authors (Specific source data can be found in
Oleszczuk’s publication from 2012):

Description of the peat soil

Empirical equation Sources

Shallow peat bed (to 0,5m)

Deep peat bed (>0,5m)

Soil temperature

y=-0,076 + 0,3371x

y =0,860 + 0,4542x Mundel [1976]

where:

y — CO, emission [g - d1]

x — soil temp. on the depth of 10cm
[°cl

Peat-muck

y=0,198x + 2,17

where: Szanser [1992]
y —CO, emission [g - m2- 12h1]

x — soil temperature [°C]

Shallow peat bed (to 0,5m)

Deep peat bed (>0,5m)

Water table

y = -593,57x% + 4520,4x — 3916

y =-618,57x> + 5303,4x — 4544  Augustin [2001]

where:
y — CO; emission [kg - ha'l - year?]
x — location of the water table [cm]

Shallow peat bed (to 0,5m)

Deep peat bed (>0,5m)

y=121x-0,482x*- 121

y=113x—-0,5179x> — 298 Renger i in. [2002]
where:

y — CO; emission [kg - hal - rok1]

x — location of the water table [cm]

Soil temperature and depth of the water table

Peat soils

y=-15+2,515x; + 1,83x

where: Flessaiin. [1997]
y — CO, emission [kg - ha'l- year?]

X1 — soil temp. on the depth of 10cm

[°cl

X2 — location of the water table [cm]

Peat- mucks soils

Soil humidity

y = 2,953 + 0,113x — 0,00093x?

where:

Szanser [1992]
y —CO,emission [g - m2- 12h1]




x — soil humidity [% of capacity]

Particularly interesting are equations that use the depth of the water table of the groundwater
(the depth of peatlands’ drainage) because this parameter is often measured in practical
nature conservation, in contrary to the temperature and humidity of the soil. However, the
Augustin’s equation must contain an error, as it gives absurd results. A meaningful result, at
least in terms of magnitude, is provided by the model created by Renger:

A
i’

—*— deep peat

—&— shallow (0 5m) peat

(t'ha per year

)
L)
il
o
=
2
#
E
i

Groundwater's depth of the water mirror

Measurements of carbon dioxide emission conducted in natural conditions with the
use of different measuring methods showed that the scale of this process depends on various
factors: climatic conditions, type of peatland (fen or bog), level of advancement of the
mucking process, way of exploitation (arable lands or grasslands), location of water table, and
the fact whether the soils are fertilized and limed. Bogs usually emit CO; within the range of
about 9 to 20 t/ha/year. In the case of fens, it has been observed that there is much bigger
diversity - from about 6 to 92 t/ha/year. However, the estimated amounts of CO; emission
from peatlands are considerably diversified. There is not enough data to explain this diversity.



Particularly, there is not enough data to connect the amount of emission with the
ecohydrological type of peatlands.

However, there is a clear relationship between the CO, emission and the condition
of peatlands in general. Peatlands in good condition accumulate CO,. The more drained and
degraded the fen is, the more CO; it emits.

For example, Oleszczuk (2012) as quoted within the literature: maintaining the water
table at the depth of 50 cm under the soil surface, in the case of peatlands in the Netherlands,
causes the CO; emission on the level of 10 t/ha, and with the same depth in Florida, it reaches
40 t/ha. Lowering the water table in the above mentioned cases to the level of 90 cm causes
the increase of emission up to 30 t/ha in the case of the Netherlands and 75 t/ha in the case
of Florida (W0sten and Rizeba, a quote from Oleszczuk 2012). However, the further lowering
of the water table and, consequently, draining of the topsoil leads to reduction in carbon
dioxide emissions. Isometric research concerning the amount of CO, emission has been
carried out in the northern part of Europe (Great Britain, Sweden) depending on the depth of
water table. In the case of lowering the water table from 40 cm to 80 cm, the amount of
carbon dioxide emission decreased from 919 mg m2 h'* to 754 mg m2 h'! (Bergelund and
others 2007, a quote from Oleszczuk 2012). Similar research on soil monoliths collected from
the peatlands in Great Britain within the particular water tables (0, 30, and 50 cm) showed
much bigger discrepancy of emission, amounting to respectively: 0.6 - 1.6, 0.3 - 2.1 and 0.01 -
2.2g m? day.

Within the Environmental Evidence series (the overview analyses of scientific literature
concerning various environmental issues), in 2009, there was inter alia an overview
concerning the greenhouse gases emission vs. peatlands re-hydratation (Bussell and others
2010). The results show that drained peatlands really emit more CO; than peatlands with
natural hydration. The average difference was only 0.5 t of CO; /ha annually. However, almost
all the data concern comparisons between the peatlands preserved in natural condition and
those degraded. There is no research concerning the process of the peatlands’ drainage. There
are also only few works concerning the process of secondary irrigation (restoration of
peatlands). The overview of results of different authors (a quote from Bussell and others
2010), presented in the Environmental Evidence report, showed the following:



Almetal 1999 )
Alm et al. 1999 -
Alm etal. 1999 =
Chimner and Cooper 2003 —-—
Fieldler et al. 1988 o . -
Melling et al. 2005 — B
Nykanen et al. 1995 —
Nykanen et al. 1998 _._._}_
Nykanen et al. 1998 — .
Nykanen et al. 1998 -
Nykanen et al. 1998 —
Nykanen et al. 1998 i —
Nykanen et al. 1998 —
Oechel et al. 1998 : -
Strack and Waddington 2007 e
Strack and Waddington 2007 N—
Strack and Waddington 2007 ——.—
Strack et al. 2006 S E—
Strack et al. 2006 .
Strack et al. 2006 St m
von Amold 2005 ——B—

-

0

Similar analysis within the Environmental Evidence in 2014 (Haddaway and others
2014) led to the similar results.

Temperature rise causes the increase of CO; emission from the drained peatlands,
even disregarding the fact that the temperature rise usually means the increased level of
drying. If the increased concentration of CO; in the atmosphere led to global warming (it is
not obvious due to the complex nature of climate changes leading to the change in
atmospheric circulation and ocean currents which may cause hardly predictable changes of
local climates that may not always be the warming), this dependence would create the
mechanism of dangerous positive feedback.

Polish estimations of the CO: emission and carbon balance in peatlands

There has been only a small number of Polish research on the carbon dioxide emission and on
carbon balance of peatlands. The existing data concern rather the peat-muck soils, i.e.
degraded and drained peatlands, analyzed as the meadow soils and, therefore, treated
according to the "meadow" typology.

Turbiak and Miatkowski (2011) measured the CO, emission with the method of static
closed chambers in the peat-muck soils of the Notec river Valley, including post-moss soils
with different level of hydtation (the average depth of water was from 18 to 118 cm, the muck
layer was from 18 to 40 cm in the muck soil). The maximal emission occurred in the medium-
mucked soils of moist complex (the muck layer of 30 cm) and it came to 110 t/ha annually.



Within the wet complex, the dried complex and the periodically dried complex the following
emissions were observed: 66.8; 95.7; 66.5 t/ha annually. Lowering the ground water level in
the summer in the wet and moist complex caused the significant increase of emission. With
the full saturation of the profile with water, a retention of peatlands decomposition and the
related to it CO, emission takes place, but during the vegetation season there is still the
respiratory activity of the roots and soil microorganisms on the emission level of about 39 t/ha
annually. These are very high values in comparison to the average values gathered from the
data of world literature.

Turbiak (2012) studied the full carbon balance of the meadow ecosystems in the
drained peat-muck soils. The meadow vegetation in the investigated areas during the
vegetative season was absorbing about 78.9 t/ha CO,, whereas the CO, emission of the
meadow ecosystem was 90.8 t/ha CO,. It means that the carbon loss during the vegetative
season, expressed in the equivalent of CO, totaled at 11.9 t/ha. In the view of the carbon loss
connected to the hay collection, the average CO; losses totaled at 21.8 t/ha. It signifies a
decline of carbon in the amount of 5.9 t/ha or the loss of organic mass in the amount of 10.6
t/ha containing 56% of carbon. Analyzing the carbon balance in particular months of
vegetative season it has been stated that the carbon accumulation took place only in May and
was noted at the average level of -0.6 t/ha. Loss of carbon was noted during the remaining
months. The greatest carbon losses, in the form of CO,, were noticed in April -2.8 t/ha and in
the months of summer, i.e. in August and July, respectively 2.40 and 2.27 t/ha. Analyzing the
influence of meteorological conditions on the carbon loss in the meadow ecosystem, it has
been stated that they depended mainly on the amount of precipitation. The biggest carbon
losses were in the years with the small amount of precipitation, i.e. in 2009 and 2011,
respectively 24.8 and 27.6 t/ha of CO,, and the smallest losses were in the years when the
amount of precipitation was higher than 380 mm, i.e. in 2008 and 2010, respectively 19.5 and
15.1 t/ha of CO,. The author is of the opinion that the mechanism which explains this
phenomenon is the stronger development of the root systems - and, consequently, their
increased activity during dry years. Their development is needed due to necessity to reach
water located at lower levels.
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Turbiak (2014a) proved that the respiratory activity of meadow ecosystem in the peatlands
soil is the smallest within the full saturation with water (1.51 g/m? x h), the lower the water
table, the higher the activity. Turbiak (2013) estimated the carbon losses from the muck soil
for about 17 t/ha annually, the biggest ones during the drying periods.

In the case of Polish fens used for the ‘'meadow’ purposes, Czaplak and Dembek (2000)
estimate the averaged amount of carbon dioxide emission into the atmosphere, basing on the
pace of mineralization and indirect measurements of carbon dioxide emission. It depends on

the stage of the mineralization process and the fen dampness.

Meadows of variable
) 463,850 4,638,500 2,551,175 8,349,300
moisture content Mtl
Fresh and dry
335,300 5,029,500 2,766,225 6,035,400
meadows Mtll
Fresh and dry
17,650 264,750 145,612 190,620
meadows Mtlll




The above table shows that the biggest amounts of emission (about 18 t/ha/year) were
observed in the case of meadows of variable moisture contents Mt | and fresh and dry
meadows Mt Il, the smallest amounts (about 10.8 t/ha/year) were in the case of fresh and dry
meadows with high level of the mucking process.

Oleszczuk (2012), quoting Szymanowski (1999), comments on the estimates
concerning the CO; emission from the drained fens in the Biebrza Valley, depending on their
level of mucking:

Mt | 36.5 28.5
Mt I 36.5 28.5
Mt 1l 21.9 17.1

Carbon carried with water

Apart from the CO; emission and absorption in the peatlands’ areas, the carbon which is
carried by water flowing out from peatlands is a crucial element of the carbon balance. This
phenomenon includes:

— eluviation of the so-called particulate organic carbon (= living and non-living matter,
POC = particulate organic carbon),

— eluviation of the so-called dissolved organic carbon (DOC — dissolved organic carbon),

— eluviation of the so-called dissolved inorganic carbon (carbonate and bicarbonate
ions).

In this way, carbon can be transformed into carbon dioxide and emitted into the atmosphere.

Those issues have been poorly studied. Meanwhile, they can be particularly important
for the alkaline fens due to the fact, that those types of fens have usually very strong water
outflow and the biogeochemical processes, including carbonates and bicarbonates, are of
significant importance for them. There have been no research results concerning this subject,
although it may be a very important phenomenon.

The guidelines of Intergovernmental Panel on Climate Change (IPCC 2013), due to the
lack of data concerning the carbon coming out from the degraded peatlands, recommend
consideration of this aspect in the carbon balance only in the range of dissolved organic carbon
(DOC) and only by means of very superficial rates. It is assumed that 0.08 t/ha of carbon is
removed annually from natural peatlands of the boreal zone, whereas in the temperate zone
the amount comes to 0.21 t/ha. The peatlands drainage increases the amount by 60%, what
equals respectively 0.44 t/ha and 1.14 t/ha of carbon dioxide annually.



The upward trend of dissolved organic carbon amount in waters of the whole
temperate zone has been observed over the past few decades (Freeman 2004, Evans,
Monteich, Cooper 2005). It suggests the increase of the carbon emission from peatlands.
There are various hypotheses concerning the explanation of this phenomena and the further
prediction. Freeman (2001, 2004) claims that it is the result of increased activity of the
phenolic peroxidase enzyme, caused indirectly by the increased concentration of CO; in the
atmosphere. As a result, there is the positive feedback which additionally accelerates the
climate changes and changes in the concentration of CO». According to the author, the carbon
emission from peatlands over the last 50 years may be the same as the emission from fossil
fuel burning! There are also hypotheses that the increased eluviation of DOC results from the
occurring climate changes - global warming, increased surface runoff, amount of precipitation
moved into the summer half-year (a quote from Freeman 2004, Evans, Monteith, Cooper
2005). However, Monteich and others (2007) suggest that the increased eluviation of DOC is
the ecosystems' reaction to acidification caused by the deposition of sulphur dioxide, which
means that it is possible to inhibit this process.

Although there is no data concerning the relation between the condition of peatlands,
their hydration and the carbon eluviation, it can be expected that the eluviation is stronger in
the case of degraded peatlands with disturbed water conditions. This aspect may be crucial
for the carbon balance of peatlands, especially in case of the soligenous fens. However, there
is no data for some precise estimates. Jaszczynski, Urbaniak and Nawalny (2013) stated, being
at the Biebrza river, that the higher the mucking level of the muck soil, the higher the
concentration of dissolved organic carbon in the water flowing from the soil. The overview
analysis within the Environmental Evidence series (Haddaway and others 2014) did not reveal
any correlations between the condition of peatlands (including drainage and restoration of
peatlands) and the eluviation of dissolved carbon.

Other greenhouse gases

Carbon dioxide is not the only greenhouse gas. There are also methane and nitrous oxide.
Their influence on the greenhouse effect refers to the influence of carbon dioxide by the
equivalent rates. For example, such rate, corresponding methane for 100 years, is estimated
for about 20-25, and the one corresponding to nitrous oxide, for 280-320. It means that
emission of 1 million tons of methane and N,O will give the same greenhouse effect as,
respectively, 20-25 and 280-320 million tons of carbon dioxide.

Peatlands preserved in natural condition (undrained) are methane emitters which emit
about 22% of the global amount of methane into the atmosphere. Their draining limits the
emission of methane into the atmosphere. This process is contrary to the CO; emission and
may - at least to some extent - eliminate the advantages of CO, accumulation by natural
peatlands.



There are cases of methane emission on drained peatlands, in the spring, after thaw,
by the high located water table (at the depth of about 20 cm) or after heavy precipitation.
Temperature of the soil, soil pH and soil moisture are the main factors influencing the amount
of CH4 emission into the atmosphere (Oleszczuk 2012).

The guidelines of Intergovernmental Panel on Climate Change (IPCC 2013)
recommend, on the basic level of approximation, consideration of the aspect in the carbon
and greenhouse gases balance by the means of standard emission rates. For wet meadows in
the temperate zone there is the rate of 39 kg of methane/ha annually, for forests on peatlands
it is from 2 to 7 kg/ha annually, and for the completely drained peatlands used as arable lands
- 0. The greatest value - 143 kg/ha annually — concerns the cultivation of rice, not present in
Poland. Nevertheless, IPCC (2013) advises to add the emission from the water table
stabilization trenches to the above-mentioned values. Such emission may be very high - it
reaches from 217 kg/ha annually in trenches located in damp meadows and forests to about
1200 kg/ha in trenches located in badly drained peatlands.

Within the Environmental Evidence, in 2009, there was inter alia an overview
concerning the greenhouse gases emission from the peatlands re-hydratation (Bussess and
others 2010). The results show that the drained peatlands emit indeed less CH4 than peatlands
with natural hydration. The overview of results of different authors (a quote from Bussell and
others 2010), comparing the drained peatlands with the natural ones, presented in the
Environmental Evidence report, showed the following:
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Analogical analysis shows that the secondary irrigation of peatlands causes the increased
emission of methane:

Best and Jacobs 1997 : . _
Best and Jacobs 1997 — .

Best and Jacobs 1997 .
Komulainen et al 1998 B

Komulainen et al 1998 —“."—

Data presented in the quoted Environmental Evidence analysis suggest that reduction
of methane emission, connected to the peatlands’ draining, equilibrates or exceeds the
reduction of carbon dioxide and nitrous oxide.

Oleszczuk (2012) quoting Stepniewska (2004, a quote from Oleszczuk 2012) states that
methane emission, in conditions of muck soil of Polesie National Park, was on the lowest level
- from about 0.013 t/ha/year to about 0.822 t/ha/year. The amount of emission was increasing
together with the peatlands depth and was in inverse proportion to the water table. The area
of intense methanogenesis on these territories is below the water table, at depth of no less
than 40-50 cm. Turbiak (2012) studied the methane emission from peatlands at the Biebrza
river, whereas Turbiak and Jaszczynski (2011) studied it at the Notec river and at the Biebrza
river. The greatest emission came from the fully hydrated fens. During the vegetative season,
in the conditions of water table kept at the depth of 0, 25, 50, and 75 cm BGL, the average CHa
emission totaled respectively 386, 249, 175, and 120 kg/ha, whereas in the second series of
research - 502, 361, 198, 141 kg/ha. It is worth highlighting that the given values are one order
of magnitude higher than the standard values recommended by IPCC (2013).

The guidelines of Intergovernmental Panel on Climate Change (IPCC 2013)
recommend, on the basic level of approximation, consideration of the aspect in the carbon
and greenhouse gases balance by the means of standard emission rates. The rate proposed
for the wet meadows in the temperate zone is 39 kg of methane/ha annually.

Nitrous oxide (N2O) is another greenhouse gas emitted into the atmosphere in the case of
drained muck soils. Emission of this gas is on the low level, rising together with the intensity
of draining. The scale of emission depends on the processes of nitrification and denitrification,
amounts of NOs, soil moisture, aeration of soil, nitrogen fertilization, soil pH and temperature.
Nitrous oxide influences the greenhouse effect about 300 times stronger than carbon dioxide
does.



The guidelines of Intergovernmental Panel on Climate Change (IPCC 2013)
recommend, on the basic level of approximation, consideration of the aspect in the carbon
and greenhouse gases balance by the means of standard emission rates. For example, the
proposed rate for the forests on the drained fens in the temperate zone is 2.8 kg/ha annually,
for the poorly drained meadows - 1.6 kg/ha, and for the badly drained meadows - from 4.3 to
8.2 kg/ha annually. Nyckowiak, Lesny and Olejnik (2012) were using this method - in its
previous version of 2006 - to estimate the N,O emission from the soils of Wielkopolska
Voivodship.

Within the Environmental Evidence series in 2009, there was inter alia an overview
concerning the greenhouse gases emission vs. the peatlands hydratation (Bussess and others
2010). The results show that the drained fens emit indeed more N,O than peatlands with
natural hydration. However, almost all the data concern comparisons between the peatlands
preserved in natural condition and the degraded peatlands. There has been no research
concerning the process of peatlands draining. There are very few works concerning the
process of secondary irrigation of peatlands (restoration of peatlands). The overview of results
of different authors (a quote from Bussell and others 2010), presented in the Environmental
Evidence report, showed the following:
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According to Oleszczuk (2012), the drained muck soils of Europe emit annually from
about 2 to 56 kg N2O/ha in the European countries. Very high variability of NoO emission was
observed while conducting the field research, even on the scale of one considered quarter on
the fen used as the meadow where the coefficient of variation fluctuates between 170 and
500%. The amount of nitrous oxide is smaller in the case of bogs due to the lower pH values
and smaller amounts of nitrogen in comparison with peatlands.

Turbiak and others (2011) quote the results of European research on the phenomenon:
in Poland, N2O emission is expected to reach 3,9 Ibs/ac annually. In Finland, the annual N,O



emission measured by the scientists reached 16,3 lbs, yet during the growing season the
emission amounted to 10,1 lbs/ac. In Holland, N,O emission from a hay exploited peatlands
at a high (0,9 ft) and low (1,6 ft) level of ground water reached 12,5 and 24,9 lbs/ac
respectively. In Finland, emission from a hay peatlands was found to be lower: 4,0 Ibs/ac, and
in other Finnish studies — from 4,5 to 5,7 Ibs/ac.

Turbiak and others (2011) found that in the Kuwasy fen in the Biebrza Valley, between
August and October, N,O emission from a peat-muck soil of meadows located in the area of
the Kuwasy fens, Biebrza Valley, with the ground water level at zero ft reached 9,3 Ibs/ac, and
in the areas with the ground water table maintained at a depth of 0.8, 1.6 and 2.5 ft, it
amounted to 10,1, 24,4 and 32,8 Ibs/ac respectively. It should be noted that these are average
values for the growing season, not for the full year. Nonetheless, they are higher than the
European average values. In the authors’ opinion, the emission value depends primarily on
the water conditions in the ecosystem — it is higher in drained peatlands. They point out,
however, that during long-term flooding of an area, e.g. caused by floods or fens revitalisation,
N>O emission may periodically be high due to biogeochemical processes blocking the activity
of a soil enzyme — nitrous oxide reductase.

The instability and non-linearity of estimations

The above overview shows that the existing estimations on the function of peatlands in the
balance of greenhouse gases and carbon, presented by different authors, vary significantly,
even in the orders of magnitude. There are premises that the biogeochemical system of the
fens is not a linear system, that is, emissions and removals of greenhouse gases are not a
simple function of physical conditions and, potentially, a type of a peatland, but they may also
depend on, for instance, peat enzymatic activity prompted and ceased in specific weather
conditions (cf. Freeman, Ostle, Kang 2001, Turbiak and others 2011). The processes may also
depend on petty components of a peatlands composition not included in the typical acrotelm-
catotelm model (Holden 2005), whereas there may occur strong, local, and not yet identified
feedbacks between weather conditions, peatlands structure, enzymatic activity and processes
influencing emission and removal of greenhouse gases.

As a result, it is not clear whether the attempts to modulate the greenhouse gas
balance of peatlands and to estimate ‘the average emission factor’ are in general
methodically correct.



Valuation of ecosystem services related to carbon storage and their
loss associated with the emission of greenhouse gases

If it is assumed that we can calculate the carbon balance in a natural or degraded
peatlands, there comes a temptation to try to evaluate the monetary value of a carbon storing
ecosystem service, or the monetary value of losses related to losing the ecosystem service due
to a degradation of peatlands.

Seemingly, it is simple. There is a European market for CO; emission allowances.
Therefore the ‘price’ of emitting a tonne of CO;is known, and so are the conversation rates
allowing other gas emission to be converted into an equivalent amount of carbon dioxide. As
at July 2014 (NCEBM 2014 [National Centre of Emission Balancing and Management]), the
average price of an allowance to emit one tonne of CO; (so called EUA) was approximately €
6. By rough and ambitious estimations, maintaining an ordinary alkaline fen in a natural,
undrained, state, which entails avoiding emission of approximately 4 t of CO./ac annually,
would generate a profit of approximately € 60 annually. This is a rather upper limit of such
estimation. If the difference in the CO; emission between a natural and drained fens were
rather of 0,2 t/ac annually, the profit would be estimated to reach a negligible sum of €1.2/ac.

In reality, however, the price of EUA does not properly represent the value of ecosystem
services relevant to preventing the increase in emission of carbon dioxide and other
greenhouse gases. The actual value of these services, per tonne of the emitted CO,, should
rather be calculated as an equivalent of the value of losses caused by climate change. Though
for such a calculation there is no data — and probably never will be - that is realistic enough.

Estimation of the impact of the LIFE11 NAT/PL/423 project
"Protection of alkaline fens (7230) in the young-glacial landscape of
northern Poland"

As part of the project, protective measures have been implemented that have changed
the water and vegetation conditions on peatland covered by project activities. It can therefore
be assumed that they also changed the ability of particular peatlands to absorb and emit
greenhouse gases, modifying the balance of these gases on them. However, no specific
research was carried out that could illustrate this effect.

The only method that in this situation may give any estimation of the impact of the
project on the greenhouse gas balance, seems to be the method assuming that the specified
vegetation of the peatland under specific water conditions are characterized by constant
emission and absorption factors of greenhouse gases (and consequently a constant factor of
Global Warming Potential (GWP - expressed in tons of CO; equivalent/ha/year), and change in
vegetation results in a change in the emission and absorption factors to values corresponding



to the new vegetation type, i.e. vegetation is assumed to be a good greenhouse gas balance
estimate for the covered by this vegetation fragment of the peatland.

This approach was proposed by Couwenberg et al. (2008, 2011) as the so-called GEST
method. It consists in distinguishing and scaling the so-called “Emission Habitats Types” on the
peatland - Greenhouse-Gas-Emissions-Site-Types (GEST), and then assigning to each of these
habitat types values of emission factors or greenhouse gas absorbers, determined as averages
from the results of many tests (measurements) performed on different peatlands and in
different time, but in a given type of habitat. Under this approach, there is a catalog of Emission
Habitat Types, providing for each type of habitat CO;, CHa and total Global Warming Potential
(GPW) balance, expressed in tons of CO,/ha equivalent per year.

Both basic assumptions of this method (the possibility of approximation of emission and
absorption coefficients based on the Emission Habitat Type determined by vegetation reacting
to water conditions and immediately changing these coefficients corresponding to the change
of vegetation) are very simplifying. According to Pawlaczyk and Kujawa-Pawlaczyk (2017), such
methods may prove useful in the estimates for a larger group of peatlands, eg in analyzes for
policy purposes on a national or large scale, although for a specific peatland they are and will
remain very uncertain. However, at least a very rough estimate can be obtained in this way.

To estimate the impact of the implementation of the project LIFE11 NAT/PL/423
“Protection of alkaline fens (7230) in the young glacial landscape of northern Poland” on the
greenhouse gas balance on all sites (in total 619.1 ha), based on data collected as part of
vegetation and water conditions monitoring, the structure of the Emission Habitat Types was
determined before the implementation of protective measures and after their implementation.
Emission factors or GHG emission absorbers were adopted for individual Emission Type
Habitats based on the latest available analysis - a working GEST catalog prepared under another
LIFE project - "Reduction of CO2 emissions by renaturalization of degraded peat bogs in
northern European lowlands", LIFE PeatRestore LIFE15 CCM / DE / 000138" (Hermann 2018).

The Emission Habitat Types adapted to the diversity of vegetation and aquatic
conditions of alkaline fens in northern Poland were distinguished, attributing them to the
distinguished Hermann catalog (2018) of pan-European Emission Habitat Types and taking for
them from this catalog relevant emission or absorption coefficients of CO,, CH4 and total Global
Warming Potential. The following types and coefficients were adopted:

Category COz emission CHz emission GWP
tones/ha per equivalent CO; equivalent CO;
year tones/ha per year | tones/ha per year

CATEGORY: Wet tall sedges reeds -0,1 8,5 8,4
CATEGORY: [Meso-Eutrophic] 4,6 7,5 12,2
Moist forest ans shrubberies
CATEGORY: Wet small sedges -3,5 6,8 3,3
reeds mostly with moss layer




CATEGORY: Very moist Meadows, -0,5 2,1 1,6
forbs and small sedges reeds
CATEGORY: (Meso-eutrophic] 4,6 7,5 12,2
Modearely moist Forests and
shrubberies

CATEGORY Wet peat moss lawn -0,5 0,3 -0,3
CATEGORY: Flooded Phragmites -15,7 13 -2,7
& Phalaris reeds

CATEGORY: Flooded Tall Sedges 1,2 14,6 15,8
reeds & Typha-Reeds

CATEGORY: open water/ditches 0 2,8 2,8
CATEGORY: [Meso-eutrophic] -0,5 1,1 1,6

Very moist Forests and
shrubberies

CATEGORY: Wet tall reeds -2,3 6,3 4
CATEGORY: extremely flooded -32,8 33,6 0,8
Reeds (>20 cm above surface)

CATEGORY: [Meso-eutrophic] 0 5,8 5,8
Wet Forests and shrubberies

CATEGORY: Moderately moist 24 0 24
(forb) meadows

CATEGORY: Moist reeds and 4,6 7,5 12,2
(forb) meadows

CATEGORY: Wet peat moss -3,1 12 8,9
hollows resp. flooded peat moss

lawn

CATEGORY: Wet Meadows and 0 5,8 5,8
forbs

The results of calculations lead to the estimation that the activities implemented as part
of the project have reduced Global Warming Potential by an equivalent of 317.6 tons of CO; per
year, ie by 0.51 tons of CO,/ha per year.

The change of the GWP was identifiable among 16 out of 40 analyzed facilities, with the
GWP lowering on 14 sites (the largest on Gogolewko site by 79 tons of CO; per year, Manowo
by 61 tons of CO; per year, Mielecin Bukowo by 31 tons of CO, per year, Zapcen by 262 tons of
CO, per year). At two sites, the estimated GEST Global Warming Potential method has
increased - Nowa Studnica by 13 tons of CO; per year, Stara Korytnica by 7 tons of CO; per year,
which, however, may be an artefact resulting from very simplifying assumptions of the method.



Conclusions drawn worldwide and in Europe

Despite significant differences in estimations, an agreement that modification — in particular,
desiccation and degradation of peatlands - has a negative influence on the carbon balance,
causing the increase in greenhouse gas emission, is quite common. Although degradation of
peatlands reduces the processes of metagenesis and methane emission which takes place
within them, at least according to some study results — in case of peatlands degradation and
peat deposit decay — the increase in CO; and N0 emission as well as the increase in carbon
removal by water overweigh the reduction of methane emission. Therefore protection and
preservation of natural peatlands is suggested as an important element in curbing climate
change. Bussell and others (2010) comparison provides contrary conclusions though.

Restoration, re-naturalisation, of peatlands — frequently consisting in re-irrigation — is
also pointed out as an element of curbing climate change. In this case, however, climatic effect
is not clear. The existing evidence that properly irrigated peatlands are more advantageous,
from a point of view of the greenhouse gas balance, than drained peatlands concerns in vast
majority comparison of peatlands degraded in varying degrees. It does not indicate at all that
it is enough to irrigate a degraded peatlands in order to improve the greenhouse gas balance.
There are only a few real analyses of effects of re-irrigation on the greenhouse gas balance
(Strack 2008, Bussel and others 2010, Beyer and Hoper 2014 and the sources quoted), and
their results are not clear. Re-naturalising peatlands may have positive effects on the
greenhouse gas balance rather in a long-time perspective by restoring the peat forming
process (Schumann and Joosten 2008). A correct re-naturalisation of peatlands probably has
the potential to improve the greenhouse gas balance, but this issue is not at all clear (Worall
and others 2010).

Suggestions concerning curbing climate change by protection, restoration
(rehabilitation) and sustainable use of peatlands were gathered by Joosten, Tapio-Biso and Tol
(2012) in a textbook published by Wetlands International organisation. Their primary message
is that wet peatlands should be sustained wet, and desiccated peatlands should be re-
irrigated. The authors provide examples of economic and social benefits achieved in fens
sustained in a boggy state or brought back to their boggy state.

Basing on the conviction that peatlands play a role in the world’s carbon sequestration,
models of agricultural use of peatlands maintaining their irrigation — so called paludicultures,
postulating acquiring and using this portion of biomass which is not necessary for the peat
forming process — to be developed. Examples of these can be the attempts of sphagnum
farming for the horticultural industry, acquisition and the use of peat biomass for the
production of insulation materials, or, as well, alder forestry. These models represent an
attractive compromise between peatlands protection and its agricultural use; the actual
influence of the models on the processes of greenhouse gas accumulation and removal is not



well understood though. Furthermore, such use of peatlands may transform them strongly
and impact peatlands’ biodiversity negatively: even if afforesting soligenic peatlands with
alder contributed to higher carbon accumulation in these areas, it is a method of land-use that
should not be recommended.

In the literature, one may find proposals of ‘peatlands geoengineering’, which are to
optimise the influence of peatlands on the climate, and which consist of introducing
genetically modified sphagnum, fertilising peatlands with ammonium sulphate, or embedding
wooden pales in a peatland which would ultimately remain in it as accumulated carbon
resources (Freeman, Fenner and Shirsat 2012).

Conclusions drawn from this analysis

1. There are convincing arguments that from the point of view of curbing climate change
by limiting greenhouse gas emission it is vital to protect and preserve natural
peatlands in good condition. Quantitatively, the role of peatlands in the greenhouse
gas balance is significant almost for sure. However, credible quantitative estimations
of this role seem to be impossible due to complexity of mechanisms of carbon
biogeochemistry of peatlands, separateness of various peatlands structures and
imperfections in the existing measuring methods.

2. Perhaps restoration of peatlands water conditions of peatlands is in total beneficial
from the point of view of limiting greenhouse gas emission. However, in real peatlands
areas, as a result of peatlands restoration, different effects may occur, including the
increase in greenhouse gas emission.

3. There is no data that would allow for formulating specific conclusions on this subject
for alkaline soligenic fens, that is, for a Natura 2000 habitat 7230, i.e. in the current
state of knowledge, there are no premises to favor these fens over other types of
peatlands in respect to the role in the greenhouse gas balance.

4. The proposed ‘compromise’ — even in protected areas — between protecting peatlands
and enabling their agricultural exploitation as grassland (such exploitation is, in many
cases, the condition for preserving biodiversity), in which — taking into account
operating potential of typical farming machineries — it is suggested to maintain the
water level at approximately 0.9 ft beneath the ground level, with periodical lowering
to 2.6 ft beneath the ground level during hay-cutting period, which is exactly the water
regime that maximises greenhouse gas emission from peatlands. If one wants to
protect peat deposits and use peatlands for carbon accumulation, while
simultaneously mow their vegetation in order to preserve biodiversity, then such a
scheme would have to be implemented as specific ‘peatlands agriculture’: with an



adjustment of farming practices and machineries to water conditions, not the other
way round.

Attempts to financially evaluate the value of an environmental service consisting in
carbon accumulation in a particular peatland do not have, and probably never will
have, reasonable grounds. In the current state of knowledge, we already know that
mechanisms of carbon biochemistry of the peatlands are complex and non-linear; in
particular, they may function by way of ‘switching’ between different processes after
crossing threshold conditions, or there may as well occur positive and negative
feedbacks within them. It means that estimating peatlands carbon balance on the basis
of standard average values for specific types of peatlands and for the set abiotic
conditions, even though it may be useful for estimating global emissions, is not and
will not be appropriate for an individual and particular fens. Even if we knew these
mechanisms fully, then, obtaining input data for a credible estimation of greenhouse
gas emission for a particular peatlands would, and will remain, more expensive than
the result of the evaluation, i.e. the monetary value of greenhouse gas emission or
absorption, no matter how it is calculated.

Attempts to follow such evaluation endeavours when making a decision on the method
of protecting peatlands would be additionally very risky. Although, at a very general
level, preserving natural peatlands coincides with maintaining theirs role as areas of
carbon accumulation, but more thorough ‘geoengineering’ attempts to maximise
peatlands’ uptake of greenhouse gases may be destructive for peatlands ecosystems
and their biodiversity.
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