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Abstract. Yamulki and co-authors address in their recent drains were blocked as part of a restoration treatment im-
publication the important issue of net emissions of green-plemented in 1998. They calculate estimates of greenhouse
house gases (GHGSs) from peatlands where land use convegas (GHG) balances for the experimental treatments based
sion has taken place. In their case, they studied conversionn a combination of measurements and literature data. Such
to forestry versus peatland restoration after a first rotationdata are of high policy relevance to national governments in
of plantation forestry. They monitored soil-derived fluxes the light of national GHG emissions accounting. Although
of carbon dioxide (C@), methane (Ch) and nitrous oxide lowland raised bogs constitute only a small proportion of the
(N20) using opaque chamber measurements on planted andtal peatland area in the UK, national GHG emissions are
unplanted control treatments (with or without drainage), andaccounted for at the level of the overall peat resource that
an unplanted plot within a restored (felled) block on former has been subject to management. In Scotland, 24 % of the
lowland raised bog. They propose that their measurements dénd area is covered by peatlands (i.e. peat soils of more than
greenhouse gas (GHG) emissions at these sites suggest tHEQ cm peat depth, Chapman et al., 2009). A sizeable propor-
the total net GHG emissions, in 100 yr carbon dioxide equiv-tion of the UK raised and blanket bogs were afforested in the
alents, of the restored peat bog would be higher than that 01970s and 1980s and the discussion of how to manage these
the peat bog with trees. We believe there are a number oforests or whether to restore such sites to peatland habitat
issues with the measurement, calculation and comparison drings with it potential implications for national accounting
these greenhouse budgets that may invalidate this conclusionf GHG emissions from the land use sector. We recognise
the need for measurements of GHG fluxes from afforested
peatlands, especially in relation to emissions from restored
peatlands, towards which this publication has made a posi-
1 Discussion tive contribution. However, we believe that the conclusions
drawn by Yamulki et al. (2013) regarding the relative GHG
The study of Yamulki et al. (2013) presents valuable mea-balance of their different study sites are not robust. Here,
surements of greenhouse gas emissions from two sites love highlight two key areas in which we believe that their
cated on a former lowland raised bog in Scotland, UK. Themeasurements, calculations and interpretation may be open
first site includes experimental treatments of afforested or unto question, and in one case are demonstrably incorrect. In
planted areas, in combination with or without drainage. Theorder to put the observed fluxes into context for further eval-
second site is an unmanaged area, which is located within gation, it would be useful if further details about the study
block where a surrounding forestry rotation was felled andsites could be provided so that this work can contribute more
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effectively to future literature-based meta-analyses of the ef- Autotrophic respiration in forest and peatland ecosystems
fects of different land use on GHG emissions from peatlandsinclude the respiration of any living component of plant
We hope this comment also serves to open a wider discussiobiomass, such as leaves, needles, roots, and stems. If NPP is
of the changing long-term dynamics of GHG emissions withthe primary measured variable, the missing part to calculate
land-use transitions, such as afforestation or restoration pradNEP is heterotrophic respiratio®g) as NEP= NPP— Ry.
tices, on peatlands. Within the inputs and outputs of gaseous carbon com-
Firstly, in order to aid the reader, we briefly re-iterate the pounds, there are a large number to consider. Whilst photo-
current consensus on how net ecosystem carbon balancagnthetic activity fixes only Cg other gaseous organic car-
(NECB) are calculated. Until fairly recently, many authors bon compounds such as carbon monoxide and methane can
implicitly or explicitly assumed that a measure defined assimilarly be fixed in oxidising, microbially mediated, reac-
net ecosystem production (NEP) equals the net rate of cartions at the soil surface. Similarly, the respiratory losses of
bon accumulation and hence the NECB of an ecosystenorganic carbon do not only include Gé@nd CH,, but also
(see Lovett et al., 2006; Chapin et al., 2006). Net ecosystena wide array of other volatile organic compounds (VOC)
production (NEP) was first defined by Woodwell and Whit- (e.g. Kesselmeier and Staudt, 1999; Faubert et al., 2010). Net
taker (1968) as the differential between the gross primaryecosystem exchange (NEE), a term used by atmospheric sci-
production (GPP, the gross photosynthetic uptake of carbongntists and generally defined as the instantaneous net flux of
and the net ecosystem respiratory loss of carlRnd. A CO, to the atmosphere (i.e. always opposite in sign to NEP,
complete NECB, however, contains further terms such as (1and negative if net C@sequestering), can be relatively eas-
any imports of carbon, for example through animal faeces oily approximated with measurements obtained via eddy co-
other movement, deposition from rain or other sources sucltvariance or chamber-based techniques. However, this rela-
as soot, which are collectively termed importedg)( and  tive ease to measure one of the major fluxes in the NECB
(2) any exports of carborf), for example through forma- has led to many reports where authors have taken NEE to
tion of dissolved organic carbon (DOC), erosion of partic- equal )NEP (i.e. essentially assuming the gaseous ecosys-
ulate organic carbon (POC), and subsequent export of bothem carbon losses to include only €QIn addition, NEE is
along watercourses, Aeolian erosion, grazing and subsequegenerally measured over very short time periods (“instanta-
animal movement; and (3) large disturbances that involveneous”), whereas NEP is generally calculated over a grow-
non-biological oxidation such as biomass harvest for fuel asng season or year. In short, the component terms of a full

well as (wild) fires (Oxp). Hence, NECB are very numerous and can be rather laborious to de-
NECB= NEP+ imported organic C Ic) — exported or- termine. In practice, most published NECB concentrate on
ganic carbon £c) — non-biological oxidation of C (Oy). those component parts deemed the most significant. How-

The main components that are most commonly measure@éver, as the difference between a functional peatland and a
in ecosystem carbon budgets are the terms of NEP, namelyjon-functional one is determined by only a very small im-
gross primary production (GPP) and ecosystem respiratiofbalance between inputs and outputs, as the long-term accu-
(Reco)- mulation rates of near-natural peatlands within the last mil-

lennium are of the order of ca. 10-37 g CAyr—1 (Yuetal.,
2012; Charman et al., 2013), it is important that none of the
NEP= GPP— Reco 1) major fluxes are omitted.

Reco is the sum of all autotrophic and heterotrophic res-
piration (Ra and Ry, respectively) in an ecosystem. Gross
primary production is not generally directly measured at the

whole ecosystem level, as it requires measurements of thsurements of soil-derived trace gas emissions ACO
uptake of CQ into photosynthetic tissue (e.g. leaves) fol- ; .
P @ P y (e.9 ) CHs and NO) using static, opaque (dark), chamber

lowed by upscaling with measurements of the total photosyn )
thetic tissue volume or mass. Rather, the net primary produc,(o'4 m>x 0.4mx 0.25m) mea;urements on their four exper-
tion (NPP), which is the difference between GPP &adis imental treatments. These included 0.5 hectare replicated

generally monitored (Woodwell and Whittaker, 1968). This plodts 9f (c:ijralngd Ian? glanted (Af'st%" old treets) Zreas (DEL’
includes the net production of above-ground, easily monj-undrain€d and planted areas ol tne same stand age (UDP),

tored biomass (e.g. leaves, stems, branches, flowers, see ,d gg_:_mdramed/ugplanfted cor(ljtrol or:_th? sdame site (UDUPt)‘
leachable organics) and also net below-ground productio n addition, a number of pseudo-replicated measurements

(e.g. roots, root exudation, export to symbionts) as sum>n @ S"".g'? 20mc30m (0.06 ha) unmanaged plot \were
marised by Clark et al. (2001). made within a nearby (7.5km east) peatland. This plot

was located within a previous plantation that was felled
in 1998 and subsequently restored to active raised bog by
NPP= GPP- R, (2) blocking the drains. The abbreviation used for this plot in
the text @ pris) suggests that this site is in its original,

1.1 Static chamber methodology

gamulki and co-authors present data from biweekly mea-
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Fig. 1. Simplified drawing of the difference in captured gas fluxes with small chamber-based GHG measurements in forestry (left) or
(restored) peatland sites (right). Chamber height, volume and location determine which of the net fluxes are included or excluded in each
of the two settings. In the peatland setting, the opaque chamber dimensions of Yamulki et al. (2013) allow for inclusion of both the entire
autotrophic and heterotrophic respiration podtg &nd Ry, respectively) and hence represent dark net ecosystem respirRHER fark -

Use of clear chambers in such settings can also capture GPP (gross primary productivity) asRyglligs: A reasonable estimate of

net ecosystem productivity (NEP) could be achieved by using reliable GPP and a mdtigedeasured throughout diurnal and seasonal

cycles. Net methane fluxes (GHare also included. Ensuring sufficient coverage of peatland microtopography (e.g. hummocks, hollows,
and pools) however is required as, for example, aerenchymatous species in hollows may agshar@$i In the forest setting, use of the

same chambers will includ®y, but only the below-ground components R, as the stems, branches and needles of the tree bioRass (

are not included within the chamber. This means that, for a reasonable estimate of NEP to be established, at the very least the abovegroun
component ofRy would require to be measured, along with GPP. Often, however, GPP is not directly measured in forest ecosystems and
instead some components of NPP are measured by stock assessments of aboveground biomass, e.g. stem, branch and needle biomass, cou
with estimates of below-ground NPP. In addition, in forest stands, the chambers will include ptits. The other components of NECB,

for example the net exported fluxes of aqueous carbon such as DOC and POC are often also substantial and some, such as oxidised carbc
export through fires or off site biomass combustion/decay, are rarely investigated (see main text).

near-pristine condition, implying minimal anthropogenic dis- forestry plantations is typically minimal. While this is to
turbance, which is most certainly not the case. The measuredome extent an unavoidable logistical issue, the implication
CO, flux was “derived from aerobic and anaerobic decom-is that the flux measured in the planted plots (DP and uDP)
position processes, respiration of other soil organisms, torepresents only soil respiratioRdj). This term includes

tal dark respiration of ground vegetation and root respira-all of the heterotrophic components from litter and soil or-
tion of trees”. The statement by the authors as re-iteratedjanic matter decompositiorRf) but only some of theR,
above, in combination with the size of the chambers, impliescomponents, because only root respiration, but not above-
that the measured respiratory fluxes on the unplanted siteground autotrophic respiration, is included in the measure-
(uDuP andh pris) included autotrophic respiratioR4) from ments (Fig. 1). As a minor aside, the chamber size would
the above-ground vegetatio8hagnunmoss and other bog have excluded major roots and also the depth of collar inser-
vegetation) and hence represent net ecosystem dark respirden (3cm) may have led to some root severance, thus un-
tion (Reco-dark (Fig. 1). Net ecosystem respiration can vary derrepresenting root respiration. The likely omissiorrRgf
substantially between daytime and night-time and full GHG aboveground is reflected in the reported annual fluxes from
balances usually require measurements taken over the futhe planted sites, which are much lower than those from the
diurnal range (e.g. Laine et al., 2007). On the other handunplanted sites. They report 1.61 and 1.22 k@02 yr—1

the fluxes from the forested sites must have excluigd from the drained and undrained planted sites, respectively,
from the canopy and other above-ground biomass of the treegs. 2.58 and 1.84kg COn—2yr—1 in the neither drained
(Fig. 1). Ground vegetation below the tree canopy in thesenor planted peatland block and the nearby restored peatland
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area. In short, the presented data from the afforested sitepect this site to be subject to subsidence approaching the 1-
lacking the autotrophic flux from above-ground tree biomass,2 cmyr- observed in peatlands drained for intensive arable
give an estimate of the total soil GAlux (Rsoi), whereas  use. Of course, a more ideal scenario would have been the in-
the figures presented from the unplanted bog sites representusion of measured GPP data for thpris site, such that the
Reco-dark The data presented in Tables 3 and 4 in Yamulki et Reci-COzl0ss could be balanced against a measure of GPP
al. (2013) therefore represent an erroneous comparison ben site. Previous studies performed on near-natural peatlands
tweenReco-garkfrom the uDuUP and pris sites andrggj from (e.g. Billett et al., 2010; Koehler et al., 2011) consistently
the DP and uDP. This introduces a bias, as is discussed fuisuggest that these systems are nep Gidks. Following the

ther below. inclusion of CH, and NO emissions, they may be either
small net GHG sinks or small net GHG sources (e.g. Bil-
1.2 Calculations of net CQ fluxes lett et al., 2010; Koehler et al., 2011), although the recent

review of Yu (2012) concluded that the majority of natural
The second issue we identify relates to the calculation of bottpeatlands have a net cooling effect on a 100yr time hori-
the “net ecosystem C{exchange” and the overall “net GHG zon. Then pris site in Yamulki et al. (2013) of course is not a
flux” (Table 4) for their study sites. Here, we believe that truly near-pristine site. As stated, this is a very small plot that
the calculation of net GHG flux for their “near-pristine” site had not been drained or planted, but is located within a for-
(n pris) is demonstrably incorrect. Yamulki and co-workers merly afforested plot, which had subsequently been restored
measuredieco in the unplanted sites. Thus, the missing term by felling the trees 10 years prior to the start of the GHG flux
in the estimation of NEE-C&for these sites is GPP. How- measurements. The implications of this recent management
ever, for the unplanted sites, Yamulki and co-workers usedevent on estimates of the likely GHG balance will be dis-
literature values of NEE from other semi-natural bogs in cussed further below, but first we examine the calculations of
place of GPP as their input term (see Table 4 in Yamulkithe net GHG flux for the planted sites.
et al. (2013)). Although they correctly label this term “net  For the planted sites, Yamulki et al. use an estimated value
ecosystem C@exchange” in their Table 4, they added the of “net ecosystem C®exchange” in Table 4 that is based on
sum of all soil-derived trace gas emissions in terms o5 CO total tree biomass calculated from whole site tree mensura-
equivalents (C@e) (“total soil GHG emission”= Regco Of tion data and to which they add their combined soil-derived
all 3 GHGs) to this value to calculate the “net GHG flux”. trace gas emissions (“total soil GHG emissions”) to deter-
We have clarified the values presented in Table 4 againsinine the net GHG flux for these sites. We challenge that the
the cited literature to confirm that these indeed represent néinet ecosystem C@exchange” value presented here is in
ecosystem C@exchange. The values are based on chamfact a representation of net primary productivity (NPP): GPP
ber (Billett et al., 2004) and eddy covariance measurementsninus the amount of carbon respired by the trees through
at Auchencorth Moss (Dinsmore et al., 2010), both incor-autotrophic respirationRg). Firstly, the authors state that
porated into the cited review of Billett et al. (2010). Hence, it “does not include accumulation of leaf, branch and root
Reco Was effectively double-counted in the “net GHG flux” litter”, although it presumably does include living root and
calculations for the: pris site, leading to the incorrect inclu- needle biomass. Hence, this figure may be an underestimate
sion of a CQ emission of 1821 g C&&m2yrlinthe to-  of NPP and likely ranges of annual litter production could
tal estimated GHG emission of 1993—-2303 g @@ 2yr—1 perhaps have been provided as the soil-based GHG fluxes
for this site. Correctly omitting this flux would put the net would have included respiration of some of this litter pool
GHG flux figure closer to a likely small net GHG source in as well as turnover of more decomposed soil organic mat-
CO, equivalents, although formally estimating a balance onter. To this NPP value, the total sum of all soil-based trace
the basis of the data presented would not be advisable witlgas losses are added to calculate the net GHG flux. Although
NEE data from a hydrologically very different site. For the this would seem a valid approach, the measured sofl €O
purpose of illustration only, however, in the most climati- flux included autotrophic respiration from the tree roots. In
cally similar year in relation to the Yamulki study, the Dins- other words, some components of the net respiratory losses
more et al. (2010) figures for Auchencorth Moss in 2007—are double counted in the net GHG flux calculation. The au-
2008 reported a net ecosystem exchange of 600-420g  thors do state that this calculation “is slightly overestimating
COenm2yr~1. Adding the observed methane and nitrous net CQ losses as tree root respiration is included”. However,
oxide losses to this assumed net fixation of G&uld re-  the proportional input from autotrophic respiration to the soil
sult in a net GHG flux of 172 g C& m2yr—! rather than  respiratory fluxes can be up to 50 % in temperate coniferous
the stated (10 times higher) range. For the restored site oforest ecosystems (Subke et al., 2006; Bond-Lamberty et al.,
Yamulki et al., if this is as “near-pristine” as the authors sug-2004), so this is not an inconsiderable flux. Some estimates
gest, we would have expected it to be similarly close to equi-of the relative contributions aR; and Ry, to the overallReco
librium, at least in terms of the net carbon balance. If thein afforested peatlands may be found in, e.g. Makiranta et
reported rate of C@emission were correct (a massive net al. (2010) where a partition of such fluxes was presented.
loss of 19.9 to 23 tonnes of G®ha 1yr—1), we would ex-  Therefore, depending on the proportion of root autotrophic
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respiration to the overalRsj, and the fate of any annual ues observed may also represent an artefact of the location
litter inputs compared to the contribution of litter decompo- of this small, unplanted, 0.06 ha plot, in the middle of a pre-
sition to Ry, the net GHG flux at the afforested sites may be vious plantation forest. Often such areas were never planted
significantly different to the value calculated in Table 4 and as they were too wet even following drainage and the au-
could be substantially lower. thors state that the site “became extremely wet” following
One might also question the use of a value of NPP derivedhe restoration activities surrounding it. The chamber size
from the linear interpolation of biomass accumulation as for-suggests that the measurements at this site may not repre-
est growth models generally adopt a more sigmoidal shapsent an accurate assessment of the heterogeneity of these
and as such the productivity and carbon sink strength of arecosystems, which are comprised of a wider suite of micro-
older forest may in theory be lower at the time of the mea-form features (e.g. hummocks, hollows, lawns and pools).
surements than the value presented here. The authors alhese need to be considered when making ecosystem scale
state, citing the work of Minkkinen and Laine (1998), that GHG assessments. It would be advantageous to report the
productivity in the drained and afforested area is likely to vegetation characteristics (e.g. presence of aerenchymatous
have been higher than in the undrained site, yet this is nospecies) of sites where chamber measurements are taken, as
taken into consideration when calculating the net ecosystemvell as the location of chambers, in any publication of GHG
GHG budget. In any of the above scenarios, the net GHG fluXluxes on peatlands as this can improve scientific consensus
estimates for the planted sites are also likely to be comproen the observed trace gas emissions in relation to peatland
mised. microforms. Yamulki (2013) gives further information, for
We welcome the points of further clarification received in example, on the cover of aerenchymatous species and partic-
response to our interactive comment from the authors (Yaularly the very interesting site history in their reply to our in-
mulki, 2013) as to the assumptions made in the calculation oteractive comment. This suggests thatahmis site was dis-
the net ecosystem Gxchange and net GHG flux at these tinguishable from the surrounding peatland before planting
sites. The highlighted calculation errors markedly alter the fi-began and “may not be representative of other areas, restored
nal conclusions of the paper regarding the relative GHG bal-or pristine”, which will be of great use for future literature-
ance of forested and unforested peatlands as s site,  based meta-analyses.
although still a net source in Gquivalents, is likely to be
a net source of much smaller magnitude than presented, and
the afforested sites, for entirely different reasons, may als@ Towards assessments of GHG benefits of afforestation
be a much smaller net source. Based on the data presented in or restoration of peatlands
the paper, however, it is impossible to establish the likely net
GHG flux at any of the sites correctly, and hence a compari-We believe that any realistic assessment of the GHG bene-
son between the planted angris sites should not be a part fits or costs of afforestation or restoration of peatlands needs

of the discussion of the data. to take into account the long-term, whole life cycle, car-
bon budget. To establish the carbon sink strength of near-
1.3 Methane measurements natural peatlands, Yu (2012) conducted a meta-analysis of

full C budget data collected for a minimum of two and max-
Our final area of concern in relation to the GHG balancesimum of six yr at five peatland sites in the Northern Hemi-
reported for the sites at Flanders Moss is the significantsphere and compared these with long-term carbon accumula-
emission of methane (22.6g Gh—2yr—1) reported from  tion rates. The study showed that only one of the five sites (a
the restored pris) site. This exceeds the range given by minerotrophic site) exhibited methane emissions that, in car-
Levy et al. (2012) for methane emissions from a wide rangebon dioxide equivalents, would negate the strong net fixation
of UK sails, including many peatlands, which tend to have through net ecosystem exchange of carbon dioxide. The geo-
values at the upper end of the0.15 to 13.8 gm?yr—1 graphically closest of the cases in Yu (2012) to the sites used
range observed. In the recent Couwenberg and Fritz (2012py Yamulki et al., is Auchencorth Moss, which is the site they
synthesis, the highest emissions published from temperatderive some of their literature values from. As referred to ear-
raised bogs with plant communities including aerenchymadier, in the most climatically similar year in relation to the Ya-
tous species (which can transport methane through their rootswulki study, the Dinsmore et al. (2010) figures for Auchen-
and stems) were approx. 50g g —2yr—1, as opposed to  corth Moss in 2007—-2008 reported a net ecosystem exchange
259 CHim—2yr—1 where no aerenchymatous plants were of CO, of —420g CQem 2yr—1. This NEE value, plus a
present. While the methane emissions published in this panet loss of 9.75-11.5g of G@m 2yr—1 as methane and
per appear reasonable in this context, it does indicate thaimilar values for NO emissions, together with the other
they are in the upper range of previously published work orrelevant carbon budgets such as aqueous losses from the sys-
that there would have to be a significant contribution throughtem, still resulted in a net carbon sink as well as net global
plant mediated transport, an issue that is not considered igooling effect for the whole Auchencorth site (Drewer et al.,
this paper as a potential contributing factor. The high val-2010). The Auchencorth site, however, might not represent
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a suitable comparison to the Flanders Moss sites in Yamulkpan. Frolking et al. (2006) pointed out that the net radia-
et al. (2013), as it is on relatively shallow peat and has beerive balance is dependent on the long-term mol : mol ratio of
affected by past drainage and nearby peat extraction, whiclCO, : CHy emitted as well as the long-term dynamics of this
has lowered the water table at this site. Overall, though, theemissions ratio. The atmospheric mixture of these gases, and
sequestering function of an established peatland, as in any bhence the net radiative forcing effect in the atmosphere, is
ological system, is likely to be dependent on its relative ma-a combination of their relative potency and lifespan. Hence,
turity. Productivity in forest ecosystems is highest in the ini- the effects of current methane emissions decline over time
tial growth phase and declines with the stand age of forestsas their atmospheric concentration drops through oxidative
Reports of GHG flux measurements from restored peatlangbrocesses.
areas suggest strong growth of the recolonizing vegetation, There are very few examples of GHG fluxes of afforested
which can lead to NEE in excess of that observed in natupeatlands where all the component terms have been mea-
ral peatlands in their mature phases (Bortoluzzi et al., 2006sured concurrently, or over a longer time frame. Whole site
Samaritani et al., 2011). NEE reports from a naturally afforested peatland in Finland
Restored peatlands, especially in the early phases of re(subjected to additional drainage 34 years previously to aid
covery, will inevitably present a different carbon budget to timber growth) concluded that the site, at that point in its
pristine or near-natural sites, and this carbon budget willlife cycle, acted as a net carbon sink of between 870-1000 g
be a function of the initial condition of the peatland prior CO, m—2yr—1, of which the tree biomass accumulation ac-
to restoration, the hydrological conditions achieved throughcounted for 585-645 g GOn—2yr—1 (Ojanen et al., 2012).
restoration and the stage of the restoration trajectory. Thédence, in that example, the relatively sparse tree density as
limited studies published to date on this topic have in-well as the remaining peatland vegetation cover both con-
cluded examples of previously industrially harvested peat-tributed to net C sequestration. In other peatland forest sites,
lands (Yli-Petays et al., 2007) as well as peatlands subsuch as reported by Lohila et al. (2007), where drainage was
jected to limited disturbance through domestic peat cuttingmore effective and active planting took place (resulting in
or moderate drainage (Bortoluzzi et al., 2006; Samaritanigreater tree density) a net annual loss ob@©Om the system
et al., 2011). Yli-Petays et al. (2007) reported losses of upwas reported due to large soil respiratory losses. Their study
to 38.4g CHm2yr—1in a rewetted (periodically flooded) site was a 30yr old Sitka spruce plantation, which, over the
poor fen peatland 50yr after abandonment following me-course of a year, only served as a net carbon sink foy CO
chanical peat extraction. These high methane emissions, tauring warm and dry spells in the summer months. On cold
gether with a net ecosystem @®xchange of between 30— or damp summer days, the system was a net source, with net
83gCnr2yr-1 due to the still patchy vegetation, suggested soil respiration emissions in the same range as reported by
that these sites were still strong net C sources despite restor&@amulki et al. (2013). In a UK setting, the only compara-
tion management. In contrast, Bortoluzzi et al. (2006) andble study is Hargreaves et al. (2003), who studied NEE-CO
Samaritani et al. (2011) reported potential strong net GHGusing eddy covariance techniques on a variety of peatlands
sinks in peatlands recovering from less severe damage. Boranging from near-natural (Auchencorth Moss) to sites with
toluzzi et al. (2006) observed GHemissions in the range of 26 yr old plantation forestry stands. They reported a moder-
6-130 CQe m2yr—1in vegetated areas in a site last cut and ate net CQ sink within the same range as reported by Billett
drained 20 yr previously, but these emissions were more thaet al. (2004) at the control (Auchencorth Moss) site, followed
offset by a NEE-C@of —200 to—600g CQ@ m—2yr—1. The by net emissions after site preparations for two years. A net
exceptions were bare patches where;@llxes outweighed  uptake in excess of that at Auchencorth Moss was observed
NEE-CQO due to a combination of lack of vegetation and for all afforested sites of more than 4 yr of growth up to 26 yr
a high water table. Samaritani et al. (2011) reported theirold stands. However, most of the reported fluxes were based
early stage restoration site (29 yr since the last disturbance) ton extrapolations from periods of 3—4 weeks, based on the di-
be a net source of 40g G@m2yr~1, compounded by an urnal variation observed at the Auchencorth Moss site, where
additional loss of at least 46 g GOm 2yr—! as methane. data were collected over a year and 9 months.
However, both of their older restoration sites were net GHG On a greater temporal scale, any plantation forest will
sinks, with observed balances 6220 g CQ@ m2yr—1, eventually be harvested and the C sequestered in tree biomass
slightly offset by 57 g C@e m2yr—1 as methane in a 42yr will be effectively lost from the system, although longevity
old site, and-209g CQ m—2yr—! partially offset by 150g  off-site is dependent on the timber products derived and the
CO,em2yr—1 as methanein a 51 yr old site. In both studies, rates of decomposition of remaining stems, brash, stumps
the site hydrology was relatively stable, with few flooding and roots. In addition, the disturbance effect from harvest-
events. The long-term, net radiative forcing effect of methaneing and replanting will also release a large gaseous and dis-
emissions is much more complex than standard global warmsolved C pulse. The Yamulki et al. (2013) study contrasted
ing calculations alone can show. Methane emitted to the atdrained/undrained sites in a plantation forest on peat soil at
mosphere, despite having higher radiative efficiency than cara late growth phase (i.e. at the end of the phase where C
bon dioxide per mass unit, has a shorter atmospheric lifesis strongly sequestered in tree biomass) with sites that were
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